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Tropheryma whipplei endocarditis differs from classic  
Whipple disease, which primarily affects the gastroin-
testinal system. We diagnosed 28 cases of T. whipplei 
endocarditis in Marseille, France, and compared them 
with cases reported in the literature. Specimens were 
analyzed mostly by molecular and histologic techniques. 

Duke criteria were ineffective for diagnosis before heart 
valve analysis. The disease occurred in men 40–80 
years of age, of whom 21 (75%) had arthralgia (75%); 
9 (32%) had valvular disease and 11 (39%) had fever. 
Clinical manifestations were predominantly cardiologic. 
Treatment with doxycycline and hydroxychloroquine for 
at least 12 months was successful. The cases we di-
agnosed differed from those reported from Germany, in 
which arthralgias were less common and previous valve 
lesions more common. A strong geographic specificity for 
this disease is found mainly in eastern-central France, 
Switzerland, and Germany. T. whipplei endocarditis is 
an emerging clinical entity observed in middle-aged and 
older men with arthralgia.

Tropheryma whipplei Endocarditis
Florence Fenollar, Marie Célard, Jean-Christophe Lagier, Hubert Lepidi,  

Pierre-Edouard Fournier, and Didier Raoult
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SYNOPSIS

Whipple disease was first described in 1907 (1). This 
chronic infection is characterized by histologic in-

dication of gastrointestinal involvement, determined by 
a positive periodic acid–Schiff (PAS) reaction in macro-
phages from a small bowel biopsy sample (2). It is caused 
by Tropheryma whipplei and encompasses asymptomatic 
carriage of the organism to a wide spectrum of clinical 
pathologic conditions, including acute and chronic infec-
tions (1,2).

In 1997, T. whipplei was first implicated as an agent 
of blood culture–negative endocarditis in 1 patient by use 
of broad-range PCR amplification and direct sequencing of 
16S rRNA applied to heart valves from patients in Switzer-
land (3). Two years later, 4 additional cases were reported 
in Switzerland (4). In 2000, the first strain of T. whipplei 
was obtained from the aortic valve of a patient with blood 
culture–negative endocarditis (5). 

Blood culture–negative endocarditis accounts for 
2.5%–31.0% of all cases of endocarditis. The incidence 
rate of T. whipplei endocarditis among blood culture–
negative endocarditis cases has not been established; 
however, at our center (Assistance Publique Hôpitaux 
de Marseille, Marseille, France), this incidence rate was 
estimated to be 2.6% (6). In Germany, the reported inci-
dence rate for T. whipplei endocarditis is 6.3%: T. whip-
plei was the fourth most frequent pathogen found among 
255 cases of endocarditis with an etiologic diagnosis and 
was the most common pathogen associated with blood 
culture–negative endocarditis. This incidence rate ex-
ceeds rates of infections caused by Bartonella quintana; 
Coxiella burnetii; and members of the Haemophilus, 
Actinobacillus, Cardiobacterium, Eikenella, Kingella 
spp. group (7). Smaller studies found incidence rates of 
3.5% in Denmark (8), 4.3% in Switzerland (9), 7.1% in 
the Czech Republic (10), 2.8% in Spain (11), and none 
in Algeria (12). We describe 28 cases of T. whipplei  
endocarditis and compare them with cases reported in 
the literature.

Materials and Methods

Patient Recruitment and Case Definitions
Our center in Marseille, France, has become a referral 

center for patients with T. whipplei infections and blood 
culture–negative endocarditis (2,5,6). We receive samples 
from France and other countries. Each sample is accompa-
nied by a questionnaire, completed by the physician, cov-
ering clinico-epidemiologic, biological, and therapeutic 
data for each patient. We analyzed data from October 2001 
through April 2013. Diagnosis of T. whipplei endocarditis 
was confirmed by positive results from PAS staining and/
or specific immunohistochemical analysis and 2 positive 
results from specific PCRs of a heart valve specimen in 

addition to lack of histologic lesions in small bowel biopsy 
samples or lack of clinical involvement of the gastrointes-
tinal tract.

Laboratory Procedures
DNA was extracted from heart valves, 200 µL of 

body fluid (blood in a tube containing EDTA, saliva, or 
cerebrospinal fluid), small bowel biopsy samples, and ≈1 
gram of feces by using QIAGEN columns (QIAamp DNA 
kit; QIAGEN, Hilden, Germany) according to the manu-
facturer’s recommendations. Quantitative real-time PCR 
(qPCR) was performed by using a LightCycler instrument 
(Roche Diagnostics, Meylan, France) and the QuantiTect 
Probe PCR Kit (QIAGEN) according to the manufactur-
er’s guidelines. From October 2001 through September 
2003, all specimens were tested by qPCR selective for the 
16S–23S rRNA intergenic spacer and the rpoB gene, as 
described (13); from October 2003 through March 2004, 
all specimens were tested by qPCR selective for T. whip-
plei repeated sequences (repeat PCR), as described (13). 
When an amplified product was detected, sequencing was 
systematically performed. Since April 2004, all speci-
mens have been tested by a qPCR selective for T. whipplei 
repeated sequences, which used specific oligonucleotide 
Taqman probes for the identification (13). To validate the 
tests, we used positive and negative controls (13). For de-
termination of DNA extract quality, the human actin gene 
was also detected. For positive specimens, T. whipplei 
genotyping was performed as described (14). In parallel, 
all heart valves and blood samples from patients with sus-
pected endocarditis underwent systematic PCR screening 
for all bacteria (16S rRNA) and all fungi (18S rRNA) and 
underwent specific real-time PCR selective for Strepto-
coccus oralis group, Streptococcus gallolyticus group, 
Enterococcus faecium and E. faecalis, Staphylococcus 
aureus, Mycoplasma spp., Coxiella burnetii, Bartonella 
spp., and T. whipplei as described (6).

For histologic analysis, formalin-fixed paraffin-
embedded heart valves and small bowel biopsy samples 
were cut in thin sections. Samples stained with hema-
toxylin-eosin-saffron and special stains were examined, 
and immunohistochemical investigations with a specific 
antibody were performed as reported (15). Cardiac valve 
and heparinized blood specimens were injected into cell 
and axenic cultures (5,16). Serologic assays were based 
on Western blot analyses (17).

Statistical Analysis
Statistical analyses were performed by using Epi Info 

6 (www.cdc.gov/epiinfo/Epi6/EI6dnjp.htm). A p value 
<0.05 was considered significant. Data for the population 
of France were extracted from the National Institute for Sta-
tistics and Economical Studies website (www.insee.fr/fr/).
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Tropheryma whipplei Endocarditis

Literature Review
We searched the PubMed database (www.ncbi.nlm.

nih.gov/pubmed/) through April 2013, using the keywords 
“Tropheryma,” “Whipple’s disease,” and “endocarditis.” 
We then performed a cross-reference analysis on the re-
sults of the search. For this literature review, the patient 
inclusion criteria were lack of histologic evidence of small 
bowel involvement or lack of diarrhea.

Results

Epidemiologic and Clinical Characteristics
Among the 28 patients for whom data enabled the di-

agnosis of T. whipplei endocarditis; 16 have been previ-
ously reported or cited (2,5,18,19). According to current 
modified Duke criteria (20) before the examination of heart 
valve specimens, only 1 (3.6%) patient met the criteria for 
endocarditis and 17 (60.7%) met the criteria for possible 
endocarditis (online Technical Appendix Table 1, wwwnc.
cdc.gov/EID/article/19/11/12-1356-Techapp1.pdf.)

All 28 patients underwent heart valve replacement be-
cause of valve damage (21). All patients were male (Table 
1), and mean age (± SD) was 58.6 (± 10) years (range 40–
80 years). Among the 27 patients from France, 13 (48.1%) 
were living in the Rhône-Alpes area and 5 (18.5%) in the 
Pays de la Loire area. Although samples are sent from all 
over France, 66.6% of the patients were from only these 
2 areas. If we focus on the 702 patients with blood cul-
ture–negative endocarditis in France referred to our center 
from May 2001 through September 2009 (online Technical 
Appendix Table 2), the patients from these 2 areas were 
significantly more affected than the rest of the population 
(Rhône-Alpes 9/106 [8.5%] vs. 7/596 [1.16%], p<0.001 
and Pays de la Loire 4/26 [15.4%] vs. 12/676; p<0.001) 
(6). Incidence rates of T. whipplei endocarditis in these 2 
areas are also significantly higher than those in the rest of 
France (Rhône-Alpes 0.25 cases/1 million inhabitants/year, 
p<0.001; Pays de la Loire (0.15 cases/1 million inhabitants/
year, p<0.001) (Figure 1).

Immunosuppressive therapy had been given to 7 
(29%) patients, of which 3 received a tumor necrosis factor 
inhibitor. Arthralgia was reported for 21 (75%) patients; 
mean delay between arthralgia onset and endocarditis di-
agnosis was 8.5 years. Among 12 patients who had been 
interviewed by 1 of the authors (D.R.), arthralgia was de-
tected in 11. Among these 12, arthralgia was retrospec-
tively noticed by 1 patient who, after beginning treatment 
for endocarditis, reported the disappearance of slight pain 
that had been present for many years. Previous heart valve 
disease was known for 9 (32%) patients. Heart failure oc-
curred in 20 (71.4%) patients, acute ischemic stroke in 7 
(29.2%), and peripheral arterial embolism in 4 (16.6%). 
Fever was detected in 11 (39%) patients, and weight loss 

was experienced by 4 (14.3%). Echocardiography was 
performed for all 28 patients: transthoracic echocardiogra-
phy for 4 patients, transesophageal echocardiography for 
9 patients, both procedures for 7 patients, and unspecified 
procedures for 8 patients. Cardiac vegetations were found 
in 22 (78.6%) patients, and aortic valve involvement was 
found in 18 (64.2%).

Laboratory Findings
At the time of T. whipplei endocarditis diagnosis, in-

creased C-reactive protein levels were detected in 17 (81%) 
of 21 patients, anemia in 6 (37.5%) of 16, and leukocytosis 
in 5 (29.5%) of 17. T. whipplei endocarditis was diagnosed 
by heart valve analysis (either PCR for T. whipplei or his-
tologic analysis) for 27 of the 28 patients (online Technical 
Appendix Table 3). Other molecular analyses were nega-
tive for other microorganisms on all heart valves and in 
blood samples (when available). Blood samples were posi-
tive for T. whipplei for 5 (31.2%) of 16 patients. For 1 pa-
tient (patient 12), at 4 days before heart valve replacement, 
a blood sample was positive for T. whipplei according to 
repeat PCR and negative according to 16S rRNA PCR. For 
another patient (patient 1), a pacemaker was positive for T. 
whipplei by PCR. T. whipplei was detected in 1 (6.7%) of 
15 saliva samples, 2 (16.6%) of 12 fecal samples, and none 
of 8 cerebrospinal fluid samples.

T. whipplei–infected heart valves show the typical 
histologic features of infective endocarditis: vegetations, 
inflammatory infiltrates, and valvular destruction (15). 
They show fibrotic, scarred areas. Valvular inflammatory 
infiltrates mainly consisted of foamy macrophages and 
lymphocytes. The foamy histiocytes were filled with dense 
and granular material that was strongly positive on PAS 
staining and resistant to diastase or immunopositive with a 
specific antibody against T. whipplei. T. whipplei–infected 
macrophages were seen in the vegetations on the surface 
of the heart valves and more deeply in the valvular tissues 
(Figure 2). An arterial embolus surgically removed from 
the lower limb of patient 22 was positive by immunodetec-
tion (15). However, 1 year before the heart valve was re-
moved, this embolus had been histologically analyzed but 
infection was not suspected. Only after the valve was found 
to be positive for T. whipplei did subsequent analyses show 
that the embolus was positive for T. whipplei. Small bowel 
biopsy samples were obtained for 19 patients; all samples 
were negative by PAS staining, probably ruling out asymp-
tomatic involvement of the gastrointestinal tract.

Two strains of T. whipplei were isolated from blood 
specimens, and 7 strains (including the strain from the in-
dex case-patient) from heart valve culture (5). For patient 
20, a strain was isolated from the blood and heart valve 
specimens. The delay in primary isolation was 2 weeks for 
the heart valve sample and 8 weeks for the blood sample. 
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No other microorganism was isolated. Serum was available 
for 18 patients. According to our previously established cri-
teria, 10 (55.5%) patients had a negative or weakly positive 
serologic profile, as is observed for patients with classic 
Whipple disease, and 8 (44.5%) patients had a frankly posi-
tive profile, as is observed for chronic carriers. This finding 
suggests a potentially less decreased antibody-mediated 
immune response for these patients (17). Thus, the previ-
ously established serologic profile for patients with classic 

Whipple disease is observed significantly less frequently 
among patients with T. whipplei endocarditis (10/18) 
than among patients with classic Whipple disease (56/60; 
p<0.001). The serologic profile previously observed for 
chronic carriers also occurs significantly less frequently 
among patients with endocarditis (24/26 vs. 8/18; p = 0.01).

T. whipplei genotype was obtained for 19 heart valves 
samples. Genotype 3 was detected in 5 samples, and geno-
type 1 was detected in 2 samples. The other 12 samples 
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Table 1. Epidemiologic and clinical characteristics of 28 patients with Tropheryma whipplei endocarditis* 
Patient 
(reference) 

Area of 
origin Age, y IS 

Cardiac 
history 

Arthralgia 
duration, y 

Weight 
loss 

Cardiac 
symptoms Fever 

Involved 
valves Vegetation 

1 PACA 80 N PM Y (15) N HF and AIS N AV Y 
2 Corsica† 58 N N Y (8) N HF Y AV+MV N 
3 Rhône-

Alpes 
54 N N Y (3) Y HF Y AV Y 

4 Rhône-pes 45 N BAV N N Stroke Y AV Y 
5 Rhône-

Alpes 
56 N CS N N HF Y AV Y 

6 PACA 59 Y N Y (35) N HF N AV N 
7 Pays de la 

Loire 
50 N N Y (NA) N HF N AV+MV Y 

8 Picardie 51 N N N N Stroke N AV Y 
9 PACA 79 N AVB Y N HF N AV Y 
10 Lorraine 50 N N N N HF N MV N 
11 Rhône-

Alpes 62 
N N Y N HF N AV Y 

12 PACA 58 N BAV Y Y HF Y AV Y 
13 (2) Rhône-

Alpes 
71 N N N N HF N AV Y 

14 (18) Rhône-
Alpes 

57 Y N Y (4) N HF+PAE Y AV N 

15 (2) Poitou-
Charentes 

68 N N N N HF Y AV Y 

16 (2) Pays de la 
Loire 

48 N AVI Y (NA) N HF Y AV Y 

17 (19) Languedoc-
Roussillon 

70 Y N Y (27) N HF Y AV Y 

18 (2) Pays de la 
Loire 

71 N MVI Y (NA) N HF Y MV Y 

19 (2) Pays de la 
Loire 

57 Y N Y (10) Y HF Y AV+MV N 

20 (2) Rhône-
Alpes 

67 N N Y (4) N Stroke N AV N 

21 (2) Rhône-
Alpes 

51 Y N Y (6) N PAE N AV+TV Y 

22 (2) Pays de la 
Loire 

58 N AAR Y (NA) N PAE N AV Y 

23 (2) Rhône-
Alpes 

60 Y N Y (2) N HF N AV+MV Y 

24 (2) Rhône-
Alpes 

61 N AAR Y (4) N Stroke N AV+MV Y 

25 (2) Rhône-
Alpes 

63 N N Y (3) N PAE+stroke N AV Y 

26 (5) Canada 42 N AAR N Y HF N AV+MV Y 
27 (2) Rhône-

Alpes 
40 Y AAR Y (5) N HF N AV Y 

28 (2) Rhône-
Alpes 

55 N N Y (5) Y Stroke N MV Y 

*All patients were male, and none had diarrhea. IS, immunosuppressive therapy; PACA, Provence-Alpes-Côte-d’Azur; N, no; PM, pacemaker; Y, yes; 
HF; heart failure; AIS, acute ischemic stroke; AV, aortic valve; MV, mitral valve; BAV, bicuspid aortic valve; CS, coronary stent; AVB, aortic valve 
bioprosthesis; AVI, aortic valve insufficiency; MVI, mitral valve insufficiency; NA, not available; PAE, peripheral arterial embolism; AAR, acute articular 
rheumatism. 
†This patient was from Poland but resided in Corsica for 8 years. 
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harbored a unique genotype. Genotypes for 4 patients were 
those previously detected in other circumstances (geno-
types 8, 11, 19, and 97). Only patients with T. whipplei 
endocarditis had genotypes 7, 24, 87, 90, 96, 99, 113, 117. 
For 1 of these patients (patient 13), genotype 7 was detect-
ed in a heart valve sample at the time of diagnosis in 2002, 
but genotype 101 was detected in saliva and fecal samples 

in 2011 (Table 2). The patient did not have characteristics 
that favor endocarditis relapse.

Treatment and Outcomes
We focused on 14 patients for whom the entire treat-

ment was managed by our team, 13 of whom regularly 
consulted author D.R. (Table 2). Overall, 12 patients re-
ceived a combination of doxycycline and hydroxychlo-
roquine for 7–18 months, and 2 received trimethoprim–
sulfamethoxazole. One patient who experienced relapse 
received treatment for 7 months. According to analysis 
of saliva and fecal samples, 2 patients had been colonized 
by T. whipplei at another time. Colonization of 1 of these 
patients was with a new strain, but neither had cardiac 
abnormalities. We prescribed treatment for these patients, 
including 1 who had been taking lifelong prophylactic 
doxycycline, as reported for a patient with classic Whip-
ple disease (25).

Literature Review
After checking for repeated reporting, we found 49 

patients who met our criteria for T. whipplei endocarditis 
reported in the literature (online Technical Appendix Table 
4); 7 (14.5%) were female (3,4,7–11,22–39). The patients 
were predominantly from Germany (15 [30.6%]) and Swit-
zerland (12 [24.5%]). Figure 3 shows the number of report-
ed cases of T. whipplei endocarditis per million inhabitants 
in Europe. The number of cases reported in the literature 
since 2010 has dramatically increased (Figure 4).

Among the cases reported in the literature, fever was 
scarcely observed (8/33, 24.2%), but vegetations (28/33, 
84.8%) and involvement of the aortic valve (29/48, 60.4%) 
were frequent. The clinical manifestations were mainly heart 
failure (25/35, 71.4%), acute ischemic stroke (9/35, 25.7%), 
and peripheral arterial embolism (4/35, 11.4%). Arthralgia 
was observed significantly less frequently among patients 
reported in the literature (15/37, 40.5%) than among the pa-
tients we report (75%, p = 0.01). However, if the 14 patients 
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Figure 1. Number of reported cases of Tropheryma whipplei 
endocarditis per 1 million inhabitants in each area of France over 10 
years. Data from this series and the literature (22–24) were included. 
Among the metropolitan areas in France, the incidence of T. whipplei 
endocarditis is significantly more frequent in the Rhône-Alpes area 
than in 11 others areas (Alsace, Aquitaine, Basse-Normandie, 
Bourgogne, Centre, Champagne-Ardenne, Haute-Normandie, Ile de 
France, Languedoc-Roussillon, Midi-Pyrénées, and Nord Pas-de-
Calais; p = 0.04, p = 0.004, p = 0.048, p = 0.04, p = 0.01, p = 0.04, 
p = 0.02, p<0.001, p = 0.04, p = 0.007, p = 0.006, respectively). The 
incidence rate is also significantly more frequent in the Pays de la 
Loire area than in 6 other areas (Aquitaine, Bretagne, Centre, Ile-de 
France, Lorraine, Midi-Pyrénées, Nord Pas de Calais; p = 0.04, p = 
0.04, p = 0.04, p = 0.003, p = 0.03, p = 0.02, respectively).

Figure 2. Aortic valve from patient with Tropheryma whipplei endocarditis. A) Hematoxylin–eosin–saffron stain (original magnification 
×100). B) Foamy macrophages containing characteristic inclusion bodies (periodic acid–Schiff stain; original magnification ×200). C) 
Immunostaining of T. whipplei with polyclonal rabbit antibody against T. whipplei and Mayer’s hemalum counterstain (original magnification 
×100). No destruction of this valve is visible.
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from the recently published series from Germany (7) are 
excluded from the analysis, this difference is not significant 
(14/23, 60.9%; p = 0.4). The percentage of patients with 
a history of valvular heart disease was similar among the 
patients reported here (32%) and the patients reported in the 
literature (12/33, 36.4%; p = 0.9), but this analysis excludes 
the series from Germany. The patients in the Germany study 
experienced significantly more valvular heart disease before 
diagnosis with endocarditis (13/15, 87%; p = 0.002). The 
diagnosis was performed by analyzing the removed heart 
valve for all but 2 of these patients (patients 25 and 33). The 
clinical manifestations for 2 patients were mainly weight 
loss, not cardiac disease. The diagnosis for patient 25 was 
made by a positive PCR on blood and pleural effusion and 

for patient 39 by a positive PCR from a duodenal biopsy 
sample. According to the current modified Duke criteria 
(20), before the examination of the heart valve specimens, 
only 2 (4.25%) patients met the criteria for definite endocar-
ditis (online Technical Appendix Table 1). 

Data regarding treatment were available for 45 patients 
(online Technical Appendix Table 4). A total of 43 patients 
received antimicrobial drugs; at least 15 compounds were 
used. The most common treatment was trimethoprim–sul-
famethoxazole (34 patients); 10 of these patients had pre-
viously received ceftriaxone for 2 weeks. The maximum 
duration of treatment was 2 years; 24 patients received 
treatment for 1 year. Death was reported for 8 (21%) of 
38 patients.
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Table 2. Treatment, outcome, and follow-up data for 14 patients with Tropheryma whipplei endocarditis managed entirely by our team* 
 
 
Patient no.† 

 
 

First drug (duration) 

 
Second drug 
(duration)† 

 
 

Outcome 

Length of follow-up at 
the end of the last 

treatment 
 1 AMX + GEN (15 d) DOX + HCQ 

(ongoing) 
Well, including arthralgia disappearance Ongoing treatment 

 2 AMX + GEN (15 d) DOX + HCQ 
(ongoing) 

Well, including arthralgia disappearance Ongoing treatment 

 5 CEF + GEN (15 d) DOX + HCQ 
(ongoing) 

Well Ongoing treatment 

 6 NA DOX + HCQ (1 yr) Well 1 yr 
 7 AMX + GEN (NA) DOX + HCQ (7 

mo) 
Relapse 4 mo after the end of treatment; 

prosthetic dehiscence without fever; 
heart valve positive by PAS and 

immunohistochemical staining; negative 
by PCR 

Ongoing new treatment 

 9 AMC + GEN (11 d) DOX + HCQ 
(ongoing) 

Well Ongoing treatment 

 12 CEF (5 d) DOX + HCQ 
(ongoing) 

Well Ongoing treatment 

 14 CEF + GEN (15 d) DOX + HCQ (1 yr) Well 2.5 yr 
 17 CEF + GEN (15 d) DOX + HCQ (1.5 

yr) 
Well 3.5 yr 

 20 NA DOX + HCQ (1 yr) Well 6 mo 
 21 AMX + GEN (18 d) SXT (1.5 yr) Well 5 yr 
 23 VAN + DOX + OFX (19 d) DOX + HCQ (1.5 

yr) 
1 yr after end of treatment, saliva sample 
positive for T. whipplei by PCR (genotype 

NA); SXT started and continued for 12 
mo 

 

9 mo after onset of 
lifelong prophylaxis 

5.5 yr after end of treatment, saliva and 
fecal samples positive for T. whipplei by 
PCR (new genotype: 101); no cardiac 

abnormalities observed; started lifelong 
prophylaxis with DOX at 100 mg 2×/d; 

well 
 24 AMX + GEN (4 wk) DOX + HCQ (1.5 

yr) 
Well 2 yr, then colon cancer 

and death 
 25 AMX + GEN (15 d) SXT (14 mo) 12 mo after the end of the treatment: 

saliva specimen positive for T. whipplei 
by PCR (genotype NA); SXT replaced 
DOX + HCQ after a perforated sigmoid 

diverticulitis with spreading peritonitis for 
18 mo; well 

6 yr 

*Team from Assistance Publique Hôpitaux de Marseille, Marseille, France. All patients had undergone heart valve surgery. AMX, amoxicillin; GEN, 
gentamicin; HCQ, hydroxychloroquine; PAS, periodic acid–Schiff; CEF, ceftriaxone; AMC, amoxicillin–clavulanate; VAN, vancomycin; DOX, doxycycline; 
OFX, ofloxacin. 
†DOX at 100 mg 2×/d and HCQ at 200 mg 3×/ d; SXT at 320 mg trimethoprim and 1,600 mg sulfamethoxazole 3×/d. 
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Discussion
Although the first description of T. whipplei endo-

carditis was made 15 years ago, diagnosing this disease 
remains difficult because clinical signs are often those of 
cardiac disease rather than infection. The first case was 
detected by chance when a broad-spectrum PCR was sys-
tematically applied to heart valve specimens (3). How-
ever, the diagnosis of T. whipplei endocarditis is still the 
result of chance because there are no diagnostic criteria. 
Thus, diagnosis is still made after 16S rRNA PCR of a 
removed valve.

The incidence of a disease depends of 3 parameters: 
physician vigilance, available diagnostic tools, and the true 
incidence. A team in Switzerland was the first to apply 
systematic broad-spectrum molecular diagnostics to heart 
valves (3). Although the efforts of that team might explain 
the high number of reported cases in Switzerland, studies 
in Marseille, France, that used the same technique did not 
detect T. whipplei in heart valves (40). In Germany, several 
physicians have been interested in Whipple disease for a 
long time, resulting in the development of new tools (1,32). 
In the Rhone-Alpes area of France, physicians have been 
interested in Whipple disease for several years, resulting in 
increased attention to T. whipplei (26). 

With regard to the global effects of T. whipplei en-
docarditis, there seems to be a geographic gradient with 
higher incidence in eastern-central France, Switzerland, 
and Germany. Because 16S rRNA PCR is used in many 
areas to test for blood culture–negative endocarditis, 
which would enable detection of T. whipplei in heart 
valves, and significant differences in incidence rates exist, 
a potential bias seems unlikely (6,12). Whipple disease re-
portedly occurs mainly in white persons (1). Genotyping 
shows that a same strain of T. whipplei can be involved in 
chronic infections, acute infections, and chronic carriage. 
In addition, T. whipplei strains are heterogenic; thus, a pa-
tient could be colonized multiple times by a new strain 
(14). These data argue for the presence of specific host 
defects in patients with chronic infections. These defects 
could be linked to genetic factors that could explain the 
geographic distribution.

Even in the absence of diagnostic criteria, the reports 
of ≈50 cases in the literature enabled us to propose several 
characteristics that might help clinicians recognize potential 
T. whipplei endocarditis. This disease occurs mainly in white 
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Figure 3. Number of reported cases of Tropheryma whipplei 
endocarditis per 1 million inhabitants in each country of Europe 
(www.statistiques-mondiales.com/union_europeenne.htm).

Figure 4. Number of cases of 
Tropheryma whipplei endocarditis 
reported in the literature since the 
first detection of this condition in 
1997. Cases in 2013 are reported 
through April.
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men who are ≈50 years of age with cardiac manifestations 
including heart failure, acute ischemic stroke, and peripheral 
arterial embolism. These patients might have complained 
about arthralgia for several years and might have recently re-
ceived immunosuppressants (4,7,28,33,34). Arthralgia was 
not frequently reported among patients in the Germany series 
(7) but was reported as a more prominent symptom by others 
(4,9,26,29,31,33,37,38). Arthralgia is sometimes subtle and 
noticed only after a careful clinical investigation (37). Be-
cause we have never received articular specimens from these 
patients, we do not know whether the joints are reactive or 
correspond to a second localization of T. whipplei. Of note, 
however, these arthralgias are highly sensitive to antimicro-
bial drugs. Overall, middle-age and older men with subacute 
endocarditis and no fever or low-grade fever should be asked 
about the presence of arthralgia because the combination of 
endocarditis and arthralgia suggests T. whipplei infection.

For now, diagnosis of T. whipplei endocarditis is made 
late, performed by molecular analysis of surgically obtained 
heart valves; specific repeat PCR is used because broad-
spectrum PCR might lack sensitivity (40). Serologic assays 
only distinguish between classic Whipple disease and gastro-
intestinal carriage (17). Screening of saliva and fecal speci-
men has poor predictive value for diagnosis. The diagnostic 
situation is not satisfactory, but diagnostic improvements 
are challenging. Only optimization of molecular techniques 
and culture will enable diagnosis before heart valve analy-
sis. Currently, 16S rRNA amplification performed on blood 
specimens lacks sensitivity (6). Specific repeat PCR is more 
sensitive (13), enabling diagnosis of 31.2% of the patients 
reported here. In Marseille, for cases of blood culture–nega-
tive endocarditis, we systematically apply specific repeat 
PCR on blood specimens; this protocol enables us to make 
the diagnosis before heart valve removal (6). We suggest 
adding performance of repeat PCR for T. whipplei on blood 
specimens as a major criterion in the Duke classification for 
endocarditis, as PCR or serologic testing for C. burnetii have 
been added (20). The application of this criterion for pa-
tients who have benefited from molecular analysis of blood 
specimens significantly increases the definitive diagnosis of 
endocarditis (1/18 vs 6/18; p = 0.03) before the heart valve 
analysis. In the future, blood specimens from patients with 
blood culture–negative endocarditis should be also inoculat-
ed systematically on specific media. For patients for whom 
echocardiography is not informative, preliminary data have 
shown that positron emission tomography and computed to-
mography show promise, mainly for the detection of silent 
peripheral embolic events and infectious metastases (21).

There is no standard treatment for T. whipplei endo-
carditis. Our series represents a large study with a stan-
dardized treatment strategy and follow-up. On the basis of 
drug sensitivity data, reported resistance of T. whipplei to 
trimethoprim–sulfamethoxazole, and prior experience, a 

combination of doxycycline and hydroxychloroquine was 
used. A 12- to 18-month treatment strategy and analysis of 
the drug concentrations every 3 months seem reasonable. 
Patients must be forewarned about the risk for photosen-
sitivity when taking doxycycline. All patients in our series 
have benefitted from heart valve removal; but in the future, 
to make the diagnosis before heart valve surgery is per-
formed, we advise following the current recommendations 
for the surgical indications in infective endocarditis (21). 
Even if the approach lacks sensitivity, for patient follow-
up, we suggest checking for the presence of T. whipplei 
in the saliva, fecal samples, and blood 2 months after the 
end of treatment. Subsequent analysis should be performed 
every 6 months for 2 years and every year for the life of the 
patient. Echocardiography should be performed yearly to 
detect relapses. We decided to treat T. whipplei recoloniza-
tion, but we do not know if this measure is necessary.

T. whipplei endocarditis differs from classic Whipple 
disease. Classic Whipple disease involves most organs. Its 
diagnosis is based on the presence of T. whipplei–infected 
macrophages in intestinal tissues. T. whipplei endocarditis 
is an infection and not a potential cardiovalvular coloni-
zation with the bacterium because T. whipplei is the only 
infectious agent detected in heart valves, surrounded by 
an inflammatory process, and inside the macrophages. For 
white men >40 years of age with subacute endocarditis and 
arthralgia, T. whipplei infection should be suspected and 
the organism searched for in blood specimens by using spe-
cific repeat PCR and axenic culture, sampled in EDTA and 
heparin tubes, respectively.
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Public and animal health controls to limit human ex-
posure to animal prions are focused on bovine spongiform 
encephalopathy (BSE), but other prion strains in rumi-
nants may also have zoonotic potential. One example is 
atypical/Nor98 scrapie, which evaded statutory diagnostic 
methods worldwide until the early 2000s. To investigate 
whether sheep infected with scrapie prions could be an-
other source of infection, we inoculated transgenic mice 
that overexpressed human prion protein with brain tissue 
from sheep with natural field cases of classical and atypi-
cal scrapie, sheep with experimental BSE, and cattle with 
BSE. We found that these mice were susceptible to BSE 
prions, but disease did not develop after prolonged post-
inoculation periods when mice were inoculated with clas-
sical or atypical scrapie prions. These data are consistent 
with the conclusion that prion disease is less likely to de-
velop in humans after exposure to naturally occurring pri-
ons of sheep than after exposure to epizootic BSE prions 
of ruminants.

Bovine spongiform encephalopathy (BSE) is the trans-
missible spongiform encephalopathy (TSE) or prion 

disease of domestic cattle. The BSE prion is an epizootic 
agent and causes variant Creutzfeldt-Jakob disease (vCJD) 
in humans after dietary exposure (1–4). Because the time 
lag between exposure and development of vCJD may be 

decades, uncertainty about the extent of the pathogenicity 
of BSE for humans continues (5), and subclinical forms of 
infection may exist (6,7). A recent immunohistochemical 
study that estimated prevalence of prion infection in the UK 
population by screening samples from surgically removed 
appendixes found 1 in 2,000 persons were positive for 
the disease-associated form of the prion protein (PrP) (8). 
Similar uncertainty exists in our understanding of scrapie, 
the TSE of small ruminants, which has been heightened in 
recent years by finding BSE in goats (9,10), the possibility 
of BSE in sheep (11), and the discovery of atypical scrapie 
(12,13), a form of small-ruminant TSE, which had evaded 
statutory diagnosis until the early 2000s.

Recent analysis of surveillance data of TSEs in small 
ruminants in Great Britain, collected over the past 10 years, 
has demonstrated a dramatic decrease (up to 90%) in num-
ber of confirmed cases of classical scrapie in the national 
flock. However, atypical scrapie continues to affect sheep 
bred for their relative resistance to the classical form of this 
prion disease, and the proportion of sheep with resistant 
genotypes in the national flock is likely to have increased 
over the past decade because of the National Scrapie Plan 
for Great Britain. This increase has rekindled speculation 
that atypical scrapie in small ruminants might be a source 
of human prion disease (11). Although atypical scrapie has 
been discovered retrospectively in 2 UK sheep culled in 
1987 and 1989 (14,15), the level and duration of human 
exposure to atypical scrapie prions are unknown, and this 
lack of knowledge confounds a cause-and-effect investiga-
tion of epidemiologic links between this animal disease and 
some form of CJD (11).

Over the past 2 decades, surrogate methods have 
been developed to assess the relative pathogenicity of 
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animal prions for humans. One approach involves the 
experimental transmission of disease by inoculating ho-
mogenized brain tissue from affected animals into trans-
genic mice that are overexpressing 1 of the 2 common 
polymorphic forms of the human PrP (either methionine 
or valine at residue 129) on a mouse PrP null background 
(16). Such transgenic mice are fully susceptible to in-
fection with human prions (16) and, to a lesser extent, 
cattle and ovine BSE prions (2,4,17), but appear resistant 
to chronic wasting disease prions from cervids (18–20). 
In this study, we inoculated transgenic mice that overex-
pressed human PrP with brain tissue from field sheep with 
natural cases of classical and atypical scrapie, sheep with 
serially-passaged experimental BSE, and cattle with BSE 
to assess the pathogenicity of natural scrapie prions rela-
tive to that of the known epizootic TSE agent, the cattle 
BSE prion strain.

Materials and Methods

Ovine and Bovine Prion Sources
From Great Britain’s Animal Health and Veterinary 

Laboratories Agency (AHVLA), we obtained 10% (w/v) 
brain homogenates prepared in sterile saline from sheep 
with neuropathologically confirmed prion disease and 
demonstrated ability to transmit prion disease to trans-
genic mice expressing ovine PrP or to wild-type mice 
(Table 1). We obtained scrapie-infected sheep brain from 
the Friedrich-Loeffler-Institut (Federal Research Institute 
for Animal Health, Greifswald-Insel Reims, Germany) 
under a license granted by Department for Environment, 
Food and Rural Affairs, according to the terms of the  

Importation of Animal Pathogens Order 1980. Brain 
samples from sheep with neuropathologically confirmed 
cases of classical and atypical scrapie were prepared as 
10% (w/v) homogenates in sterile Dulbecco phosphate-
buffered saline lacking Ca2+ and Mg2+ ions (D-PBS) by 
extrusion through syringe needles of decreasing diam-
eter. Brains from cattle with neuropathologically con-
firmed cases of BSE (collected specifically for transmis-
sion studies in the early 1990s) were provided by the UK 
Central Veterinary Laboratory (now AHVLA). We used 
10% (w/v) homogenates prepared from the brainstems 
of 5 cattle with natural BSE to generate pooled inocula, 
designated I038, which was previously shown to transmit 
prion disease to wild-type FVB/N and C57Bl/6 mice, and 
to transgenic mice overexpressing human PrP (2,4,23,24). 
All experimental procedures involving ovine or bovine 
prions were carried out in a microbiological containment 
level 3 facility with strict adherence to safety protocols.

Transgenic Mice
Transgenic mice homozygous for a human PrP 129V 

transgene array and murine PrP null alleles (Prnpo/o), 
designated Tg(HuPrP129V+/+ Prnpo/o)-152 mice (129VV 
Tg152 mice), or homozygous for a human PrP 129M 
transgene array and murine PrP null alleles (Prnpo/o), 
designated Tg(HuPrP129M+/+ Prnpo/o)-35 mice (129MM 
Tg35 mice), have been described (1,2,4,24–26). Both 
lines of mice were used to generate FVB/N-HuPrP+/+ 
Prnpo/o congenic lines by backcrossing to FVB/N mice 
for 10 generations, followed by genetic testing (Charles 
River UK, Ltd., Margate, UK) by using 84 FVB-specific 
PCR microsatellite markers covering 19 chromosomes 
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Table 1. Details of prion sources for ovine inocula* 

Source code Brain region Prion agent 
Ovine PrP 
genotype‡ 

Transmission data† 
Attack rate (incubation period) Reference 

AHVLA/SE1919/0077 Cerebral cortex Classical scrapie VRQ/VRQ tg338 mice§; 16/16 (64 ± 2 d) (21); code  
SE1848/0005 

AHVLA/SE1919/0080 Cerebral cortex Classical scrapie ARQ/ARQ tg338 mice§; 12/13 (155 ± 4 d) (21); code 
SE1848/0008 

FLI 1/06 Caudal medulla Classical scrapie ARQ/ARQ ND NA 
FLI 83/04 Caudal medulla Classical scrapie ARQ/ARQ ND NA 
FLI 107/04 Caudal medulla Classical scrapie ARQ/ARQ ND NA 
AHVLA/SE1850/0001 Caudal medulla Atypical scrapie AHQ/AHQ tg338 mice§; 19/20 (210 ± 3 d) (22); code 1 
AHVLA/SE1850/0009 Caudal medulla Aypical scrapie ARR/ARR tg338 mice§; 19/19 (231 ± 6 d) (22); code 9 
FLI S7/06 Caudal medulla Atypical scrapie AHQ/ARQ ND NA 
FLI 14/06 Caudal medulla Atypical scrapie ARR/ARR ND NA 
FLI 26/06 Caudal medulla Atypical scrapie AHQ/ARQ ND NA 
AHVLA/SE1929/0877 Caudal medulla Ovine BSE ARQ/ARQ RIII mice; 16/19 (422 ± 19 d)¶ Unpub. data 
AHVLA/SE11945/0032 Rostral medulla 2nd passage ovine 

BSE 
ARQ/ARQ RIII mice; 18/20 (356 ± 9 d)¶ Unpub. data 

*PrP, prion protein; AHVLA, Animal Health and Veterinary Laboratories Agency; ND, not done; NA, not applicable; FLI, Friedrich-Loeffler-Institut; BSE, 
bovine spongiform encephalopathy.  
†Reports attack rate (no. infected mice as a proportion of no. inoculated mice) and mean incubation period in days ± SEM or SD and the reference in 
which the data were first published with original inocula code.  
‡Ovine PrP codon 136,154,171 genotype. 
§Transgenic for the ovine Prnp VRQ allele on a mouse Prnp0/0 background. Overexpression 8- to 10-fold of normal ovine brain. 
¶Mean incubation period in days ± SEM. 
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at ≈20-cM intervals, to select breeding pairs positive for 
100% of the FVB-specific markers. Selected congenic 
pairs were interbred to remove the endogenous murine 
PrP gene and to establish homozygosity of the human PrP 
transgene array. The resulting congenic lines, designated 
129MM Tg35c and 129VV Tg152c, overexpress human 
PrP in brain at levels of 2× and 6× that of pooled human 
brain, respectively.

Transmission Studies
Work with animals was performed under a license 

granted by the UK Home Office and conformed to insti-
tutional guidelines of the University College London and 
ARRIVE (Animal Research: Reporting In Vivo Experi-
ments guidelines of The National Centre for the Replace-
ment, Refinement and Reduction of Animals in Research). 
Brain homogenates (10% w/v) were diluted to 1% (w/v) 
in sterile D-PBS and passed through a 25-gauge needle. 
Each mouse was inoculated with 30-μL of 1% (w/v) brain 
homogenate because this avoids excessive animal losses 
within the first 48 hours postinoculation (4). Brain ho-
mogenates from prion-infected sheep were inoculated in-
tracerebrally into groups of 20 transgenic mice that over-
expressed human PrP. Thereafter, mice were examined 
daily and killed if they were exhibiting signs of distress or 
once a diagnosis of clinical prion disease was established 
(4,24,25). Clinical diagnosis can be confounded by non-
specific conditions that develop in mice as they age, and 
the mean lifespans of different lines of transgenic mice 
and the onset of aging artifacts vary greatly. On the basis 
of experience, we have limited these confounding effects 
by electively culling mice after postinoculation periods of 
>600 days. Notably, this also helps reduce the number of 
mice that die of old age, in which brain tissue can undergo 
autolytic deterioration that impairs immunohistochemical 
(IHC) analyses. At post-mortem, brains from inoculated 
mice were removed and divided sagittally, with half of 
the samples frozen and half fixed in formol-saline, and 
analyzed for abnormal PrP accumulation by IHC and im-
munoblotting.

Neuropathologic and Immunohistochemical Analyses
Brain fixed in 10% buffered formol-saline was im-

mersed in 98% formic acid for 1 hour and embedded in 
paraffin wax. Serial sections (4-μm thick) were pretreat-
ed by boiling for 10 min in a low ionic strength buffer  
(2.1 mmol/L Tris, 1.3 mmol/L EDTA, 1.1 mmol/L sodium 
citrate, pH 7.8) before exposure to 98% formic acid for 5 
min. Abnormal PrP accumulation was examined by using  
monoclonal antibody ICSM 35 against PrP (D-Gen Ltd., 
London, UK) on an automated IHC staining machine (Ven-
tana Medical Systems, Inc., Tucson, AZ, USA) by using 
proprietary secondary detection reagents (Ventana Medical 

Systems, Inc.) before development with 3′ 3-diaminoben-
zedine tetrachloride as the chromogen (27). Conventional 
methods were used for Harris hematoxylin and eosin stain-
ing. Appropriate positive and negative controls were used 
throughout. Photographs were taken on an ImageView dig-
ital camera and composed with Adobe Photoshop (Adobe 
Systems, San Jose, CA, USA).

Immunoblotting
Proteinase K (PK) digestion (50 or 100 μg/mL final 

protease concentration, 1 hour, 37°C), electrophoresis, and 
immunoblotting of 10% (w/v) transgenic mouse brain ho-
mogenates or 10% (w/v) brain homogenates from sheep 
with classical scrapie (prepared in D-PBS) were performed 
as described (27,28). Human PrP or ovine PrP was detect-
ed by using monoclonal antibodies 3F4 (29) or ICSM 35 
against PrP (D-Gen Ltd.), respectively. Mouse brain ho-
mogenates found negative for disease-related PrP (PrPSc) 
after analysis of 10 μL 10% (w/v) brain homogenate were 
reanalyzed by sodium phosphotungstic acid (NaPTA) pre-
cipitation of PrPSc (30) from 250 μL of 10% (w/v) brain 
homogenate as described (28).

Atypical scrapie sheep brain was analyzed by using 
the procedure of Gretzschel et al. (31,32) with modifica-
tions. In brief, 200 μL of 10% (w/v) brain homogenate in 
D-PBS was centrifuged at 500 × g for 5 min, after which 
the supernatant was discarded, and the pellet was resus-
pended to 100 μL final volume with D-PBS, followed by 
the addition of 100 μL 4% (w/v) sodium lauroylsarcosine 
(sarkosyl) in D-PBS. After incubation at 37°C for 30 min 
with constant agitation and centrifugation at 500 × g for 5 
min, 150 μL of the supernatant was transferred to a new 
tube. The supernatant fraction was treated with 2 μL of 
Benzonase (Benzon nuclease purity 1; 25 U/μL; Merck, 
Nottingham, UK) for 30 min at 37°C with agitation and 
adjusted to a final concentration of 50 μg/mL PK (by add-
ing 8 μL of a 1 mg/mL PK stock solution) and incubated 
at 37°C for 60 min with agitation. Samples were treated 
with 4 μL 100 mmol/L 4-(2-aminoethyl)-benzene sulfo-
nyl fluoride, heated at 100°C for 5 min, adjusted with an 
equal volume of 2% (w/v) sarkosyl in D-PBS and 3 μL of 
Benzonase; they were then incubated for 30 min at 37°C 
with agitation before addition of 4% (w/v) NaPTA con-
taining 170 mmol/L MgCl2, pH 7.4, to give a final concen-
tration in the sample of 0.3% (w/v) NaPTA. After incuba-
tion for 60 min at 37°C, with constant agitation, samples 
were centrifuged at 16,100 × g for 30 min, and the super-
natant fraction was discarded. The pellet fraction was re-
suspended to a final volume of 10 μL in D-PBS containing 
0.1% (w/v) sarkosyl and analyzed by electrophoresis, 
immunoblotting, and high sensitivity chemiluminescence 
(27,28), using monoclonal antibody ICSM 35 against PrP 
to detect ovine PrP.
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Results

Scrapie Prions from Sheep and Lack of Disease in 
Transgenic Mice 

We examined classical and atypical scrapie sheep 
brain homogenates from UK field cases (AHVLA) that 
contain PK-resistant ovine PrPSc and efficiently transmitted 
clinical prion disease to transgenic mice expressing ovine 
PrP (21,22) (Table 1), together with a series of PK-resistant 
PrP-positive brain homogenates from sheep in Germany 
with field cases of classical and atypical scrapie (Figure 1). 
All natural brain isolates examined produced no clinical 
prion disease or biochemical or histopathologic evidence 
for subclinical prion infection in transgenic mice that over-
expressed human PrP after postinoculation intervals of 
>600 days (Table 2). 

Consistent with the inability of IHC or high sensitivity 
immunoblotting to detect pathologic PrP in the brains of 
inoculated mice, neuropathologic examination of the brain 
showed no difference in spongiform change or gliosis from 
that observed in the brains of age-matched control mice 
(data not shown). From these findings, we conclude that 
both methionine and valine residue 129 variants of human 
PrP are refractory to pathologic conversion by these ovine 
prion strains in transgenic mice.

Transmission of Cattle BSE Prions to Transgenic Mice 
Brain isolates from sheep with classical and atypical 

scrapie (including those with demonstrated prion infectivi-
ty in transgenic mice expressing ovine PrP) did not transmit 
prion disease to transgenic mice that were overexpressing 
human PrP. This fact contrasts markedly with the known 
susceptibility of these mice to transmission of multiple 

cattle BSE isolates (2,4,24,25) as well as to transmission 
of a wide range of human-acquired prion diseases (includ-
ing kuru and vCJD) and sporadic prion disease isolates 
(2,4,24–26).

Concomitant with the current study, and as part of a 
separate experiment, we inoculated 129MM Tg35c mice 
intracerebrally with cattle BSE isolate I038. This BSE 
isolate has previously been shown to be transmissible to 
the parent 129MM Tg35 transgenic line, producing an at-
tack rate of 8/20 inoculated mice (4) (Table 3). Affected 
129MM Tg35 mice in these transmissions were culled 
(because of intercurrent illness or clinical prion disease) 
within 600 days of inoculation (Table 3) and demonstrated 
the presence of abnormal PrP in brain by IHC and immu-
noblotting (4). In 129MM Tg35c mice, cattle BSE isolate 
I038 produced an attack rate of 5/12 in intracerebrally in-
oculated mice (Table 3). Infection was characterized by the 
detection of abnormal PrP by IHC (Figure 2, panels A, B), 
which included large amorphous PrP deposits (Figure 2, 
panels C, E) and florid PrP plaques (Figure 2, panels D, 
F), and the detection of type 4 PrPSc in brain homogenate 
by immunoblotting (Figure 2, panel B inset). Intercurrent 
illness before 600 days postinoculation was seen in only 
one 129MM Tg35c mouse, with the remaining mice in the 
group (11/12) culled 611–853 days postinoculation (Table 
3). Although most mice survived >600 days after inocula-
tion, the attack rate of cattle BSE isolate I038 in 129MM 
Tg35c mice remained the same as observed in the parental 
129MM Tg35 mouse line with ≈40% of inoculated mice 
becoming infected (Table 3). In addition, we found that 
129MM Tg35 and 129MM Tg35c mice showed equivalent 
susceptibilities (100% attack rates) to vCJD or classical 
CJD prions (Table 3).
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Figure 1. Detection of disease-
related prion protein (PrPSc) in  
brains of sheep with field cases 
of classical and atypical scrapie 
from Germany. Both panels show 
immunoblots of proteinase K–
digested brain homogenate analyzed 
by enhanced chemiluminescence 
with  monoclonal antibody ICSM 
35 against PrP. Samples in panel 
A are from 10 μL 10% (w/v) brain 
homogenate after direct digestion 
with protease. Samples in panel B 
are derived after processing 200 
μL 10% (w/v) brain homogenate as 
described in Materials and Methods. 
A) From left, normal sheep brain 
compared to classical scrapie sheep 
brain samples FLI 1/06, FLI 83/04 
and FLI 107/04. B) From left, normal 
sheep brain compared to atypical 
sheep scrapie brain samples FLI 
S7/06, FLI 14/06 and FLI 26/06.
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Experimental Ovine BSE in Transgenic Mice  
Expressing Human PrP 129 Methionine

Recently, 2 studies have concluded that experimental 
sheep BSE prions may propagate more efficiently than cattle 
BSE prions in transgenic mice that express human PrP 129 
methionine (17,34). One of these studies convincingly estab-
lished that sheep and goat BSE prions transmitted a molecular 
and neuropathologic phenotype congruent with transmission 
of vCJD prions in the same mice (17). These data strongly 
suggest that small ruminant BSE prions could act as causal 
agents of vCJD (17). In this study, we also examined the trans-
mission properties of 2 experimental sheep BSE brain isolates 
derived from the primary transmission and secondary passage 
of cattle BSE in sheep. These AHVLA isolates were provided 
as brain homogenates that contained PK-resistant ovine PrP 
(Figure 3, panel A) and had known ability to transmit clinical 
prion disease to wild-type RIII mice (Table 1).

In the transgenic mice expressing human PrP, clinical 
prion disease was not produced by either of the 2 experimen-

tal sheep BSE isolates after postinoculation intervals >600 
days (Table 2). Examination of brain from these inoculated 
mice by IHC and immunoblotting, after NaPTA precipita-
tion of brain homogenate, showed that only a single 129MM 
Tg35c recipient of the secondary passage ovine BSE isolate 
had evidence of subclinical prion infection (Table 2;  Figure 
3). This mouse was culled 661 days postinoculation when 
the experiment was terminated. PrPSc was detectable in the 
brain of this transgenic mouse without requirement for NaP-
TA precipitation for detection and appeared similar (but not 
identical) to type 4 PrPSc seen in vCJD brain (Figure 3, panel 
B). Florid PrP plaques were not observed, and abundant PrP 
deposits were restricted to the corpus callosum (Figure 3, 
panel C), accompanied by occasional punctate PrP deposits 
in the cortex and sparse diffuse PrP deposits in the thalamus 
and hypothalamus (data not shown). Secondary passages of 
this isolate in additional human PrP–expressing transgenic 
mice and wild-type FVB/N mice have been initiated to com-
prehensively define prion strain type.
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Table 2. Survival times of transgenic human PrP mice after inoculation of ovine prions* 

Source code Prion agent 

Transmission data 
129MM Tg35c mice  129VV Tg152c mice 

Attack rate† Survival, d‡  Attack rate† Survival, d‡ 
AHVLA/SE1919/0077 Classical 

scrapie 
0/20 551, 551, 583, 615–

666 (17) 
 0/16 301, 344, 344, 364, 386, 428, 475, 

519, 540, 543, 600–601 (6) 
AHVLA/SE1919/0080 Classical 

scrapie 
0/19 580, 586, 586, 620–

666 (16) 
 0/14 211, 336, 364, 364, 379, 519, 

601–602 (8) 
FLI 1/06 Classical 

scrapie 
0/15 426, 475, 628–728 

(13) 
 0/17 364, 497, 498, 517, 547, 559, 571, 

595, 603–673 (9) 
FLI 83/04 Classical 

scrapie 
0/15 270, 307, 311, 335, 

349, 353, 
635–672 (9) 

 0/16 227, 300, 335, 440, 479, 510, 
600–650 (10) 

FLI 107/04 Classical 
scrapie 

0/17 382, 382, 459, 573, 
574, 578, 606–636 

(11) 

 0/13 227, 228, 476, 606–706 (10) 

AHVLA/SE1850/0001 Atypical 
scrapie 

0/18 213, 332, 437, 537, 
537, 621–656 (13) 

 0/18 255, 318, 385, 397, 402, 403, 452, 
453, 493, 518, 528, 538, 543, 552, 

633–647 (4) 
AHVLA/SE1850/0009 Atypical 

scrapie 
0/18 440, 606–635 (17)  0/15 293, 334, 403, 404, 419, 420, 426, 

444, 584, 637–651 (6) 
FLI S7/06 Atypical 

scrapie 
0/16 498, 610–659 (15)  0/14 539, 545, 630–673 (12) 

FLI 14/06 Atypical 
scrapie 

0/18 538, 540, 545, 572, 
601–728 (14) 

 0/15 313, 363, 489, 510, 592, 602–673 
(10) 

FLI 26/06 Atypical 
scrapie 

0/14 547, 553, 643–659 
(12) 

 0/14 435, 446, 554, 571, 608–673 (10) 

AHVLA/SE1929/0877 Ovine BSE 0/16 315, 316, 348, 459, 
557, 581, 620–659 

(10) 

 0/18 358, 363, 369, 382, 385, 440, 468, 
476, 532, 550, 574, 600–602 (7) 

AHVLA/SE1945/0032 2nd passage 
ovine BSE 

1/19 337, 337, 434, 472, 
517, 524, 616–661 

(13) 

 0/17 331, 331, 381, 386, 388, 388, 525, 
527, 542, 562, 603–608 (7) 

*PrP, prion protein; AHVLA, Animal Health and Veterinary Laboratories Agency; FLI, Friedrich-Loeffler-Institut; BSE, bovine spongiform encephalopathy. 
†All mice were inoculated with 30 L of 1% (w/v) brain homogenate. Attack rate is defined as the total number of  clinically affected and subclinically 
infected mice as a proportion of the number of inoculated mice. Subclinical prion infection was assessed by immunohistochemical examination of brain for 
abnormal PrP deposition and for recipients of AHVLA inocula by sodium phosphotungstic acid precipitation of 250 L 10% brain homogenate and 
analysis for PrPSc by proteinase K digestion and immunoblotting. 
‡The interval between inoculation and culling because of intercurrent illness, senescence, or termination of the experiment in days. Death dates of 
individual mice are shown together with the range for mice surviving beyond 600 d with the number of mice in this range shown in parentheses. Mice 
culled with postinoculation periods of ≤200 d due to intercurrent illness (all confirmed negative for prion infection) were not included in calculating attack 
rates.  
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Why the efficiency of transmission of experimental 
sheep BSE prions to 129MM Tg35c mice is low com-
pared with that reported in different lines of human PrP 
129 methionine–expressing mice (17,34) is unclear. One 
possible reason may simply relate to the prion titers in the 
inocula. Plinston et al. reported that 2 different inocula 
prepared from the same experimental sheep BSE brain 
had markedly different transmission efficiencies to gene-
targeted mice expressing human PrP 129 methionine at 
endogenous levels (34). However, all AHVLA ovine pri-
on isolates used in this study were chosen because they 
produced short survival periods and high attack rates in 
either ovine PrP transgenic mice or wild type mice (Table 
1). Therefore, other possibilities must also be considered. 
In particular, studies involving different laboratories use 
different lines of genetically modified mice. Variation 
in genetic background and differences in PrP expression 
levels are known to influence host susceptibility to prion 
infection (16).

Discussion
In this study, we have shown that disease does not 

develop in transgenic mice overexpressing human PrP 
when mice are inoculated with ovine prions from sheep 
with natural cases of classical scrapie and atypical scrapie 
from Great Britain and Germany. These transgenic mice 
are susceptible to infection, and clinical disease develops 
when mice are challenged with brain tissue from cattle 
affected by classical BSE (2,4,24,25) or brain tissue from 
humans affected by classical (sporadic and iatrogenic) 
CJD, kuru, or vCJD (2,4,24–26). Therefore, this suggests 
that the transmission barrier associated with the interac-
tion of human PrP and the prion strain causing epizootic 
BSE in cattle is lower than that associated with the prion 

strain causing atypical scrapie in sheep. Serial, blind pas-
sage of brain homogenates from “negative” challenged 
mice from this experiment into other lines of transgenic 
mice expressing either human PrP or ovine PrP will now 
be required to determine whether this transmission barrier 
is absolute.

Our findings complement those of other recent studies 
that have investigated the zoonotic potential of ruminant 
prion strains using other lines of human PrP–expressing 
mice. Gene-targeted human PrP–expressing mice have 
been shown to be resistant to infection with classical and 
atypical scrapie prions from sheep (34,35) and BSE prions 
from cattle (36) but are susceptible to infection with BSE 
prions from sheep (34). Transgenic mice with 6-fold over-
expression of human PrP 129 methionine are susceptible to 
infection with cattle BSE prions but show greater suscepti-
bility to ovine and caprine BSE prions (17).

Although we found evidence for transmission of ex-
perimental ovine BSE to transgenic mice expressing human 
PrP 129 methionine, the relative attack rate was lower than 
observed in the other lines of mice (17,34). The reasons 
underlying this are not clear but may relate to differences in 
the prion isolates themselves or differences in the various 
lines of mice. To definitively investigate interlaboratory 
differences in the apparent behavior of ovine BSE prions 
and reach a consensus, a panel of ovine prion inocula would 
need to formally undergo endpoint titration across the dif-
ferent lines of humanized mice and also in ovine PrP–ex-
pressing transgenic mice.

No strain variation has been found so far in the trans-
mission, biochemical, or histopathologic characteristics 
of atypical scrapie prions (22,37), and so inferences from 
the present study are not confounded by sampling or strain 
considerations. This is not so for cases of classical scrapie 
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Table 3. Survival times of transgenic human PrP 129MM mice after inoculation of cattle BSE, vCJD, or classical CJD prions* 
Inocula 
source 
code Prion agent 

Transmission data 
129MM Tg35 mice  129MM Tg35c mice 

Attack rate† Survival, d‡ Attack rate† Survival, d‡ 
MRC I038 Cattle BSE 8/20 263, 316, 333, 344, 389, 400, 411, 

468 488, 578, 593, 627–876 (9)§ 
 5/12 484, 611–853 (11)¶  

MRC I344 vCJD 7/7 342, 432, 487,516, 650–726 (3)  12/12 378, 447, 558, 586, 628–793 (8)# 
MRC I026 Classical 

CJD** 
7/7 215, 222, 222, 222, 222, 228, 

228†† 
 9/9 223, 223, 223, 223, 226, 226, 226, 

227, 227†† 
*PrP, prion protein; MRC, Medical Research Council; BSE, bovine spongiform encephalopathy; vCJD, variant Creutzfeldt-Jakob disease; CJD, 
Creutzfeldt-Jakob disease. 
†All mice were inoculated with 30 L of 1% (w/v) brain homogenate. Attack rate is defined as the total number of both clinically affected and 
subclinically infected mice as a proportion of the number of inoculated mice. Subclinical prion infection was assessed by immunohistochemical 
examination of brain for abnormal PrP deposition and analysis of 10% brain homogenate for disease-related PrP (PrPSc) by proteinase K digestion and 
immunoblotting. 
‡The interval between inoculation and culling because of intercurrent illness, clinical prion disease, senescence, or termination of the experiment in 
days. Death dates of individual mice are shown together with the range for mice surviving beyond 600 d; the number of mice in this range is shown in 
parentheses. 
§Affected mice were culled at 316, 333, 344,389,400, 468, 578, and 593 d postinoculation. Mice culled at 344 and 468 d had clinical prion disease. 
¶Affected mice were culled at 700, 720, 798, 817 and 853 d postinoculation. The mouse culled at 720 d had clinical prion disease. 
#Two mice with clinical prion disease were culled at 558 and 749 d. 
**Iatrogenic CJD (dura mater), PRNP codon 129 methionine homozygous with type 2 PrPSc by the London classification (33). 
††All mice had clinical prion disease. 
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and, although our findings on atypical scrapie prions indi-
cate that the zoonotic potential of this ovine prion strain 
is lower than for ruminant BSE prions, further transmis-
sion studies using a wider variety of field cases of classi-
cal scrapie are required to provide further reassurance of 
the low or negligible zoonotic potential of all sheep prions. 
Examining extraneural tissues (in particular, the spleen) in 
ovine prion-challenged mice will be critical because recent 
findings have shown that cross-species prion transmission 
efficacy can exhibit a dramatic tissue-dependence in the 
same host (38).
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Figure 2. Immunohistochemical analysis of cattle bovine spongiform 
encephalopathy (BSE) prion–infected 129MM Tg35c mouse brain. 
Hippocampal region (A) and striatum (B) from a transgenic 129MM 
Tg35c mouse with subclinical prion infection culled 700 days 
after inoculation with cattle BSE prion inoculum I038. Panels A–D 
show abnormal prion protein (PrP) immunoreactivity stained with 
monoclonal antibody ICSM35 against PrP. Panels E and F show 
hematoxylin and eosin–stained sections. Boxed regions in panels 
A and B are shown at higher power magnification in panels C 
and E, and D and F, respectively. The inset in panel B shows an 
immunoblot in which monoclonal antibody 3F4 against PrP was 
used, which demonstrates type 4 PrPSc in 10 μL of PK-digested 
10% (w/v) brain homogenate prepared from the contralateral side 
of the same brain. Scale bar indicates 1.2 mm for panels A and B,  
160 µm for panels C–F.

Figure 3. Ovine bovine spongiform encephalopathy (BSE) prion 
transmission to a 129MM Tg35c mouse. Panel A shows immunoblot 
detection of disease-related prion protein (PrPSc) in 10 μL of 
proteinase K (PK)–digested 10% (w/v) brain homogenates from 
ovine BSE (SE 1929/0877) (lane 1) and secondary passage ovine 
BSE (SE1945/0032) (lane 2) using  monoclonal antibody ICSM35 
against prion protein (PrP). Panel B shows type 4 PrPSc in 1 μL of PK-
digested 10% (w/v) vCJD brain homogenate (lane 1) in comparison 
to PrPSc in 20 μL of PK-digested 10% (w/v) brain homogenate from 
a 129MM Tg35c mouse with subclinical prion infection that was 
culled 661 days after inoculation with secondary passage ovine 
BSE inoculum SE1945/0032 (lane 2). Panel C shows abnormal PrP 
immunoreactivity stained with monoclonal antibody ICSM35 against 
PrP in the corpus callosum of the ovine BSE–affected 129MM Tg35c 
mouse brain. Scale bar indicates 165 µm.
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Imported dengue cases pose the public health risk for 
local circulation in European areas, especially southeast 
France, where the Aedes mosquito is established. Using a 
capture–recapture method with Chao’s estimator, we esti-
mated the annual incidence of dengue fever and the com-
pleteness of existing mandatory notification and laboratory 
network surveillance systems. During 2007–2010, >8,300 
cases with laboratory evidence of recent dengue infection 
were diagnosed. Of these cases, 4,500 occurred in 2010, 
coinciding with intense epidemics in the French West In-
dies. Over this 4-year period, 327 cases occurred in south-
east France during the vector activity period. Of these, 234 
cases occurred in 2010, most of them potentially viremic. 
Completeness of the mandatory notification and laboratory 
network systems were ≈10% and 40%, respectively, but 
higher in southeast areas during May–November (32% and 
69%, respectively). Dengue surveillance systems in France 
provide complementary information that is essential to the 
implementation of control measures.

Dengue fever, caused by 4 virus serotypes, is the most 
common mosquito-borne viral disease in the world: 

an estimated 50 million cases occur annually (1). During 

the past 50 years, incidence has increased 30-fold with in-
creasing geographic expansion (1). In Europe, imported 
cases among travelers returning from endemic or epidem-
ic countries have been reported frequently during recent 
years. Considering the risk for a local cycle of transmis-
sion and subsequent epidemic, imported dengue cases 
pose a potential public health problem in European areas 
where a competent vector is established. Since 2004, the 
Aedes albopictus mosquito has been established in south-
east France (2,3).

During 2010, the first 2 known cases of autochthonous 
dengue fever were diagnosed in persons in metropolitan 
France (4), which comprises continental France and the is-
land of Corsica, located southeast of mainland France (Fig-
ure 1). Two cases were also reported in Croatia during 2010 
(5), demonstrating that local transmission in continental 
Europe is a reality. Accordingly, in the context of imple-
menting appropriate public health measures, dengue sur-
veillance systems should be able to estimate the incidence 
of imported symptomatic cases, describe their geographic 
distribution in areas already or potentially colonized by the 
competent vector, and identify the countries where infec-
tion occurred. Using a capture–recapture method, we es-
timate the annual incidence of imported dengue cases and 
the completeness of the existing surveillance systems in 
metropolitan France during 2007–2010.

Methods

Dengue Surveillance Systems
As of 2010, the Ae. albopictus mosquito was desig-

nated as permanently established in 6 southeast depart-
ments (administrative districts) in metropolitan France 
as follows: Alpes-Maritimes (2004), the 2 departments 
that comprise Corsica, Haute-Corse (2006) and Corse-du-
Sud (2007), Var (2007), Bouches-du-Rhône (2009), and 
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Alpes-de-Haute-Provence (2010). Entomological surveil-
lance, based on data from the monitoring of ovitraps (3), 
enabled information on distribution of this mosquito to be 
updated within a few weeks. In addition to entomologic 
surveillance, since 2006, health authorities in France have 
implemented 3 complementary epidemiologic surveil-
lance systems to identify new dengue and chikungunya 
infections: a notifiable diseases system that relies on man-
datory notification, a laboratory-based surveillance sys-
tem that operates at the national level, and an enhanced 
surveillance system, activated each year during May–No-
vember in the departments where the Ae. albopictus mos-
quito is established (3).

The notifiable diseases system requires mandatory noti-
fication by practitioners and biologists to collect clinical and 
biological information about recent symptomatic dengue 
cases. Notifiable cases are defined by recent fever (within 
7 days of medical examination) associated with pain (head-
ache, arthralgia, myalgia, low back pain, or retro-orbital 
pain) and positive test results for 1 of the following biologic 
results indicative of dengue infection: reverse transcription 
PCR (RT-PCR), nonstructural protein 1 [NS1] antigenic 
test, or IgM serologic analysis. Notification is centralized 
by the French Institute for Public Health Surveillance for 
the purpose of epidemiologic analysis. It has been shown 
that mandatory notification systems lack completeness (of 
unknown magnitude) and representativeness, and over-
represent hospitalized case-patients (6), leading to unequal 

probability of being included in a sample (catchability) (7) 
of dengue cases.

The laboratory-based national surveillance system is 
a voluntary network that comprises 6 specialized laborato-
ries that monitor the trends of dengue diagnosis (8). Den-
gue cases are defined by positive RT-PCR, NS1 or IgM 
serologic test results, regardless of clinical signs. These 
biologic tests are only to be prescribed when a patient has 
suggestive symptoms. They are reported weekly to the 
French Institute for Public Health Surveillance. A survey 
during 2006 showed that this laboratory network aggregat-
ed ≈85% of the biologic diagnoses of dengue performed in 
metropolitan France (9).

The enhanced surveillance system is implemented in 
the departments where the vector is established, during its 
period of activity from May 1–November 30 each year. Un-
like mandatory notification, the basis of enhanced surveil-
lance is the immediate reporting of all clinically suspected 
cases of dengue fever by practitioners to the regional health 
authorities. This facilitates accelerated biologic confirma-
tion by the national reference laboratory for arboviruses 
and, when appropriate, the rapid implementation of local 
control measures such as perifocal vector control activities 
and active case finding (3,4).

The 3 surveillance systems are obviously interconnect-
ed. For example, during the period of vector activity, den-
gue cases obtained from mandatory notification or from the 
laboratory network are immediately reported by the French 
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Figure 1. Geographic distribution of 
dengue cases in the departments 
(administrative districts) of metropolitan 
France, 2007–2010, and departments 
where the vector was established in 2010. 
Circles in outlined departments represent 
dengue cases reported by 3 surveillance 
systems. AH, Alpes-de-Haute-Provence; 
AM, Alpes-Maritimes  ; BR, Bouches-du-
Rhône; CS, Corse-du-Sud; HC, Haute-
Corse; VA, Var. (Map made with Philcarto, 
http://philcarto.free.fr/)
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Institute for Public Health Surveillance to the regional of-
ficers supervising the enhanced surveillance system.

A person with an imported case was defined as hav-
ing traveled in an area where the dengue virus circulates 
within the previous 15 days before the onset of symptoms. 
As no substantial local transmission cycle occurred during 
the study period, all cases without patient information on 
travel history were considered imported cases.

Strategy for Statistical Analysis
We used the capture–recapture method to estimate 

the incidence of imported dengue cases in metropolitan 
France during 2007–2010. By identifying common cases 
from several systems, this method provides an estimate 
of the number of cases not captured by any data sources. 
Consequently, the total number of cases and the capture 
probabilities of cases within each source can be estimated. 
To identify common cases, we checked the 3 data sources 
to find the patient’s date of birth, sex, and postal code of 
residence or of the laboratory where blood samples were 
collected, and the date of blood sampling. We faced 2 main 
obstacles to using the capture–recapture method. First, 1 of 
the 3 data sources, the enhanced surveillance system, oper-
ates in a limited area during 7 months each year. This ob-
stacle restricted the possibility of comparing the 3 sources 
for the analysis. Second, the functional interrelationships 
between the 3 dengue surveillance systems appear to be 
limitations to the use of the standard 2-source capture–re-
capture methods and need to be quantified. We therefore 
conducted the analysis in 2 steps.

First, dependencies between sources were statisti-
cally evaluated following suggestions of Wittes et al.  
(10,11). The odds ratio implemented with the capture–re-
capture technique, developed by Wittes et al., is an esti-
mate of the increased probability of a dengue case being 
reported in a first source when it is also reported in a sec-
ond source. To investigate the relationship between these 
sources, the analysis is restricted to cases identified by a 
third source. The dependence analysis of the sources was 
restricted to the year 2010 because of an insufficient num-
ber of dengue cases before this date. Figure 2 shows the 
distribution among the 3 surveillance systems of the 199 
biologically confirmed dengue cases detected during May 
1–November 30, 2010, in the 6 departments of southeast 
France where the mosquito was established. Table 1 de-
tails the calculation of statistical interdependence of the 3 
sources. The enhanced surveillance system is highly de-
pendent on both the mandatory notification and the labo-
ratory network. In contrast, mandatory notification and 
the laboratory network are systems that do not seem to 
be substantially interdependent; accordingly, we retained 
only these 2 reporting mechanisms to estimate the annual 
dengue incidence.

Second, the capture–recapture method was applied 
to these 2 national-level sources by using 2 estimators of 
population size: the Chapman-Seber (CS) and the Chao 
estimates. The CS estimator (12,13) is a commonly used 
formula and is considered unbiased. This formula uses the 
hypotheses of independence between sources and equal 
catchability by each source. Instead, it has been shown re-
cently that Chao’s estimator, as formulated by Brittain, is 
less biased than the CS estimator when there is dependence 
between sources or unequal catchability of cases (14). 
Therefore, in this study, we gave priority to the results ob-
tained by using Chao’s estimator.

For both estimators, the 95% CIs associated with pop-
ulation size estimates were calculated with the log-transfor-
mation suggested by Burnham and used by Chao (15,16). 
The corresponding completeness values and their 95% CIs, 
obtained by using Monte-Carlo simulations, were calculat-
ed for mandatory notification, for the laboratory network, 
and for the combined surveillance systems.

Stratification was made for geographic areas where 
the Ae. albopictus mosquito was established versus other 
areas and by period of the year (vector activity period 
versus the rest of the year) to take into account and re-
duce the potential inequality in catchability. The total 
variance was calculated by adding the variance of each 
stratum. To acquire an understanding of the general 
shape of the curve of monthly number of cases and to 
compare it with that obtained for the French West Indies, 
we used the CS estimator with stratification according to 
geographic area, as many zero values precluded using 
the Chao estimator.

Results
During 2007–2010 in metropolitan France, 773 cas-

es of dengue were reported by mandatory notification, 
3,192 by the laboratory network, and 180 by the enhanced  
surveillance system. A total of 3,432 distinct cases were  
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Figure 2. Distribution of 199 dengue cases among 3 surveillance 
systems, southeast France, May 1–November 30, 2010.
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reported by the 3 sources, distributed throughout the 
French departments (Figure 1). Of these cases, 3,423 were 
reported by 1 of the 2 national level sources: mandatory 
notification or the laboratory network. The male:female sex 
ratio of the patients was 0.99:1, and the median age of the 
patients was 41 years. Positive biologic diagnosis of den-
gue infection was made by IgM serology (83%) and by an 
antigenic method (17%, RT-PCR: 13% and NS1 test: 4%). 
For 1,204 cases (35%), anamnestic and biologic informa-
tion was sufficient to determine the viremic status of the 
patients in metropolitan France. Among them, 48.5% were 
biologically viremic (positive RT-PCR or NS1 test), 47.8% 
were potentially viremic (the delay between the onset of 
symptoms and their subsequent return journey to France 
was <8 days) and 3.7% had data which were not compat-
ible with the viremic stage (viremia delay had exceeded 7 
days). Viremia usually occurs between the day before the 
onset of symptoms and the seventh day after.

The following additional clinical and biological 
information was available for 718 of the 773 cases of 

dengue reported by the mandatory notification system. 
Of the 718 patients, hemorrhagic symptoms were report-
ed for 134 (19%) during the 4-year period. Eight (1%) 
of these had severe hemorrhagic symptoms (defined at 
the time of the study as tourniquet test, mucocutane-
ous bleeding, bleeding from puncture sites, or visceral 
bleeding). Of the patients for whom specific informa-
tion was available, 51% (330/652) had thrombocytope-
nia (platelets ≤100,000/mL) and 47% (323/683) were  
hospitalized.

Annual Incidence of Dengue Cases and Completeness 
of Surveillance Systems

Table 2 shows the total number of imported dengue 
cases in France during the study period: the annual number 
of cases estimated from mandatory notification and the lab-
oratory network systems after stratification by area where 
the Ae. albopictus mosquito was established, and by the 
vector activity period. Using the Chao estimator, we calcu-
lated the global number of dengue cases to be 8,374 (95% 
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Table 1. Interdependence of laboratory network, mandatory notification, and enhanced surveillance systems in the detection of dengue 
cases, southeast France, May 1–November 30, 2010 
 Laboratory network Odds ratio  

(95% CI*) 
Enhanced surveillance Odds ratio 

(95% Cl*) Surveillance system Included Not included Included Not included 
 Mandatory notification   0.7 (0.3–1.9)   25.0 (3.8–1040.0) 
  Included 74 13  74 1    Not included 74 9 74 25 
 Enhanced surveillance   17.1 (1.2–907.9)    
  Included 74 13     
  Not included 1 3    
*95% CI calculated using exact confidence limits. 

 

 
Table 2. Annual number of dengue cases estimated from mandatory notification and laboratory network surveillance systems by using 
Chao estimator, stratified according to geographic area and period of the year, metropolitan France, 2007–2010* 

Year, region, period 
No. observed cases 

 

Chao estimator 
System Common 

cases 
Estimated no. cases 

(95% CI) 
Completeness of 
MN, % (95% CI) 

Completeness of 
LN, % (95% CI) MN LN 

2007        
 Southeast, May–Nov 4 21 4  39 (26–87) 10.2 (2.4–17.2) 53.8 (12.6–90.4) 
 Other areas, remainder of year 52 365 21  2,070 (1,444–3,071) 2.5 (1.6–3.9) 17.6 (10.9–27.1) 
 Total 56 386 25  2,109 (1,481–3,109) 2.7 (1.6–4.0) 18.3 (11.3–27.5) 
2008        
 Southeast, May–Nov 6 11 4  18 (14–37) 33.2 (7.6–44.8) 60.9 (13.9–82.2) 
 Other areas, remainder of year 58 293 42  733 (595–938) 7.9 (5.9–10.0) 40.0 (30.0–50.6) 
 Total 64 304 46  751 (613–956) 8.5 (6.3–10.6) 40.5 (29.8–50.5) 
2009        
 Southeast, May–Nov 5 19 4  36 (24–79) 13.9 (3.1–22.9) 52.8 (11.6–87.2) 
 Other areas, remainder of year 63 331 38  1,021 (806–1,339) 6.2 (4.5–8.1) 32.4 (23.7–42.4) 
 Total 68 350 42  1,057 (841–1,375) 6.4 (4.6–8.2) 33.1 (23.6–42.4) 
2010        
 Southeast, May–Nov 91 174 75  234 (216–264) 38.9 (33.2–42.7) 74.3 (63.6–81.6) 
 Other areas, remainder of year 494 1,951 354  4,222 (3,932–4,558) 11.7 (10.8–12.6) 46.2 (42.7–49.7) 
 Total 585 2,125 429  4,456 (4,164–4,792) 13.1 (12.2–14.1) 47.7 (44.2–51.1) 
2007–2010        
 Southeast, May–Nov 106 225 87  327 (294–382) 32.4 (17.2–35.7) 68.8 (36.5–75.8) 
 Other areas, remainder of year 667 2,940 455  8,047 (7,217–9,045) 8.3 (7.1–9.2) 36.5 (31.1–40.7) 
 Total 773 3,165 542  8,374 (7,543–9,371) 9.2 (8.2–10.7) 37.8 (33.5–43.8) 
*Information on geographic area or period of the year was not available for 27 cases. MN, mandatory notification; LN, laboratory network. 
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CI 7,543–9,371) during the 4-year period; the estimated 
annual incidences were 2,109 in 2007, 751 in 2008, 1,057 
in 2009, and 4,456 in 2010 (Table 2). These figures were 
much lower when we used the CS estimator: the global 
number of dengue cases was estimated at 4,818 during the 
4-year period, 1.7 × lower than that estimated by using the 
Chao estimator (Table 3).

During the period of vector activity (May–Novem-
ber), the estimated number of dengue cases was 39 (95% 
CI 26–87) for 2007 and 18 (95% CI 14–37) for 2008 in 
the 4 departments where the Ae. albopictus mosquito was 
established at that time; the estimated number was 36 (95% 
CI 24–79) for 2009 and 234 (95% CI 216–264) for 2010, 
when a fifth and sixth department, respectively, became af-
fected (Table 2). Dengue cases which occur in these ar-
eas during the vector activity period have potential public 
health implications, given the risk for local transmission by 
viremic persons.

During 2007–2010, among the 327 estimated den-
gue cases that occurred in the areas where the vector was 
established and during its period of activity, 83 (25%) 
were not detected by either of the 2 national level sur-
veillance systems. The enhanced surveillance system 
detected 85% of the 199 observed cases (Figure 2) and 
73% of the 234 estimated cases in 2010. This system 
helped to catch a few of the additional cases in 2010 
(9 among 199 cases, 4.5%) which were not detected by 
either the mandatory notification or laboratory network 
surveillance systems.

Finally, among the 199 patients in whom dengue was 
detected in southeast France during May–November 2010, 
93 (47%) had viremic dengue infections, 64 (32%) were 
potentially viremic, and 13 (7%) were not viremic. There 
was not sufficient information for the remaining 29 patients 
(15%) to enable classification. Among the biologically and 
potentially viremic patients, the mean estimated duration of 
viremia while they were in metropolitan France was 6 days.

The completeness of the 2 surveillance systems dif-
fered greatly; completeness was much higher for the labo-
ratory network (Table 2). Using the Chao estimator, we 
estimated the completeness at 3% in 2007 and 13% in 2010 
for the mandatory notification surveillance system (9.2% 
for the 4-year period). We estimated completeness to be an 
average of ≈4 times higher for the laboratory network: 18% 
in 2007 and 48% in 2010 (37.8% for the 4-year period). 
Furthermore, for both surveillance systems, completeness 
was much higher in areas where the competent vector was 
established (20.3% for mandatory notification and 57.3% 
for the laboratory network over the 4-year period) than 
in other areas (8.6% and 37.1%, respectively), and also 
much higher during the vector activity period (12.5% and 
44.2%, respectively) than during the rest of the year (3.4% 
and 25.3%, respectively) (Table 4). For the 4-year period, 
these figures were 32% and 69%, respectively, in Aedes 
spp.-infested areas during May–November (Table 2). The 
combination of the 2 surveillance systems increased the 
completeness compared with the use of the laboratory 
network alone, but this increase was limited: ≈2% to 4% 
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Table 3. Annual number of dengue cases estimated from MN and LN surveillance systems by using Chapman-Seber estimator, 
stratified according to geographic area and period of the year, metropolitan France, 2007–2010* 

Year, region, period 
No. observed cases  

Estimated no. cases 
(95% CI) 

Chapman-Seber estimator 
System Common 

cases 
Completeness of 
MN, % (95% CI) 

Completeness of 
LN, % (95% CI) MN LN 

2007        
 Southeast, May–Nov 4 21 4  21† 19.0† 100† 
 Other areas, remainder of year 52 365 21  881 (678–1,228) 5.9 (4.2–7.7) 41.4 (29.7–53.8) 
 Total 56 386 25  902 (699–1,249) 6.2 (4.5–8.0) 42.8 (30.9–55.2) 
2008        
 Southeast, May–Nov 6 11 4  16 (14–27) 38.0 (22.0–44.4) 69.6 (40.3–81.2) 
 Other areas, remainder of year 58 293 42  402 (360–479) 14.4 (12.1–16.1) 72.8 (61.2–81.3) 
 Total 64 304 46  418 (376–495) 15.3 (12.9–17.0) 72.7 (61.2–80.7) 
2009        
 Southeast, May–Nov 5 19 4  23 (20–38) 21.7 (13.1–24.4) 82.6 (52.3–97.6) 
 Other areas, remainder of year 63 331 38  544 (468–671) 11.6 (9.4–13.5) 60.9 (49.3–70.1) 
 Total 68 350 42  567 (490–694) 12.0 (9.8–13.8) 61.7 (50.3–71.2) 
2010        
 Southeast, May–Nov 91 174 75  211 (200–232) 43.2 (39.3–45.4) 82.5 (75.2–86.8) 
 Other areas, remainder of year 494 1,951 354  2,721 (2,599–2,872) 18.2 (17.2–19.0) 71.7 (67.9–75.1) 
 Total 585 2,125 429  2,932 (2,809–3,083) 20.0 (19.0–20.8) 72.5 (68.9–75.6) 
2007–2010        
 Southeast, May–Nov 106 225 87  271 (258–294) 39.2 (35.4–40.8) 83.1 (75.1–86.7) 
 Other areas, remainder of year 667 2,940 455  4,548 (4,262–4,907) 14.7 (13.5–15.5) 64.6 (59.3–68.5) 
 Total 773 3,165 542  4,818 (4,532–5,178) 16.0 (14.8–16.9) 65.7 (60.5–69.3) 
*Information on geographic area or period of the year was not available for 27 cases; MN, mandatory notification; LN, laboratory network.  
†95% CI not presented because of null variances. 
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(Table 4). Globally, the combined completeness was ≈40% 
for the 4-year period.

Geographic Area of Acquisition of Dengue Infection 
and Influence of Epidemics in French West Indies

Information on the country of acquisition of dengue 
infection was available for 1,335 patients (this informa-
tion was available for mandatory notification and for 3 of 
the 6 laboratories). Dengue was acquired mainly from 2 
geographic areas: the Caribbean and Southeast Asia, which 
represented 61% and 17% of cases, respectively, over the 
4-year period (Table 5). In the Caribbean, the most frequent 
areas of acquisition (59% of all reported cases) were the 
French West Indies including Martinique, Guadeloupe, 
Saint-Barthelemy, and Saint-Martin. In Southeast Asia, 
dengue fever was primarily acquired in Thailand (7% of all 
cases) and Indonesia (5%).

In 2007 and 2010, respectively, 34% (37/109) and 71% 
(682/956) of all cases imported to France were acquired in 
Guadeloupe (19% in 2007, 41% in 2010) and in Martinique 
(14% in 2007, 30% in 2010); on each of the 2 islands, den-
gue epidemics affected nearly 20,000 persons in 2007 and 
40,000 in 2010 (17,18). Figure 3 shows the monthly number 
of dengue cases estimated during 2007–2010 in metropoli-
tan France (estimation from the 2 national sources by using 
capture–recapture with CS estimator) and in Guadeloupe 
and Martinique (estimation by regional health authorities 
from clinically suspected cases within the sentinel network 
of physicians). The curves roughly overlap, especially  
during epidemics in the French West Indies. More pre-

cisely, the peaks of imported cases in metropolitan France 
coincide with those of epidemics which occurred in the 
French West Indies, particularly for the year 2010.

Discussion
In this study, we estimated that >8,300 cases with lab-

oratory evidence of recent dengue infection were imported 
into metropolitan France during 2007–2010. Approximate-
ly 4,500 of them occurred in 2010; this high number was 
mainly attributed to epidemics of unusually intense and 
long duration in the French West Indies (19). A correlation 
between a substantial number of imported cases of disease 
in metropolitan France and an intense epidemic in French 
overseas territories was observed with the dengue epidemic 
in the French West Indies in 2001 (20) and with the chikun-
gunya epidemic on Reunion Island in 2006 (21). A simi-
lar contemporary association was observed in Germany, 
where an increase in imported dengue cases during 2002 
was directly linked to an epidemic in Brazil (22).

An estimated 230 cases occurred during May–Novem-
ber 2010 in the 6 southeast departments of France where 
the Ae. albopictus mosquito was established, and >90% of 
the infected persons may have been viremic. The increase 
in the number of imported cases in southeast France and the 
high vector density in some urban areas were major factors 
in the emergence of a local transmission cycle. Two cases 
of autochthonous dengue fever were reported in the Alpes-
Maritimes Department in September 2010 (4).

The capture–recapture method which we applied to esti-
mate the incidence of imported dengue cases is widely used 
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Table 4. Number of dengue cases estimated from mandatory notification and laboratory network surveillance systems with Chao 
estimator after stratification according to geographic area and period of the year, metropolitan France, in 2010 and for 2007–2010* 

Stratification type, Y 

No. observed cases 
Estimated total no. 

cases (95% CI) 
Completeness of 
MN, % (95% CI) 

Completeness of 
LN, % (95% CI) 

Combined 
completeness, % 

(95% CI) 
With 
MN 

With 
LN 

Common 
cases 

Geographic stratification 
    2010 

       

  Southeast 97 229 80 332 (302–378) 29.2 (25.0–32.5) 69.0 (59.0–76.8) 74.1 (63.4–82.5) 
  Other areas 488 1,896 349 4,071 (3,791–4,396) 12.0 (11.1–12.9) 46.6 (43.1–50.0) 50.0 (46.2–53.8) 
  Total 585 2,125 429 4,403 (4,120–4,730) 13.3 (12.3–14.2) 48.3 (44.8–51.6) 51.8 (48.1–55.4) 
    2007–2010        
  Southeast 113 320 93 558 (475–691) 20.3 (16.3–23.8) 57.3 (46.3–67.3) 60.9 (49.2–71.5) 
  Other areas 660 2,847 449 7,684 (6,896–8,632) 8.6 (7.6–9.6) 37.1 (32.9–41.2) 39.8 (35.3–44.3) 

  Total 773 3,167 542 8,242 (7,446–9,194) 9.4 (8.4–10.4) 38.4 (34.4–42.5) 41.2 (37.0–45.6) 
Period stratification        
    2010        
  May–Nov† 524 1,694 386 3,186 (2,994–3,410) 16.4 (15.3–17.5) 53.2 (49.6–56.6) 57.5 (53.6–61.3) 
  Remainder of  
  year 

61 431 43 1,407 (1,118–1,821) 4.3 (3.2–5.6) 30.6 (22.9–39.6) 31.9 (23.8–41.2) 

  Total 585 2,125 429 4,594 (4,223–5,034) 12.7 (11.4–13.9) 46.3 (41.5–50.4) 49.7 (44.6–54.1) 
   2007–2010        
  May–Nov 656 2,325 468 5,263 (4,764–5,873) 12.5 (11.4–13.9) 44.2 (39.6–48.8) 47.7 (42.8–52.8) 
  Remainder of   
  year 

117 865 74 3,416 (2,761–4,303) 3.4 (2.7–4.2) 25.3 (20.1–31.3) 26.6 (21.1–32.9) 

  Total 773 3,190 542 8,679 (7,817–9,709) 8.9 (8.0–9.9) 36.8 (32.9–40.8) 39.4 (35.2–43.8) 
*MN, mandatory notification; LN, laboratory network; information on geographic area or period of the year was not available for 27 cases. Southeast 
includes the departments (administrative regions) where the competent vector, the Aedes albopictus mosquito, was established.  
†May–Nov is the period of activity of Ae. albopictus mosquitoes in metropolitan France. 
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in epidemiologic surveillance studies when several sources of 
data are available (23). Several assumptions must be checked 
when using this method (23,24) to avoid biases. Among 
these, independence between sources and equal catchability 
of cases by each source, which are interdependent concepts 
(7), are of great importance. When log-linear modeling is 
used, the availability of at least 3 sources ensures that the de-
pendence between sources and the unequal catchability when 
estimating the true number of cases (24,25) can be taken into 
account. When only 2 sources of data are available, as is the 
case for dengue surveillance in metropolitan France at the 
national level, alternative estimators seem worthwhile. In 
our study, the alternative used was the Chao estimator which 
relaxes the assumption that sources are independent, and 
provides more reliable estimates when the differences be-
tween the identifying probabilities of the 2 sources are large 
(26,27). In contrast, with increasing dependencies between 
sources, the commonly used CS estimator underestimates the 
true number of cases (14). This underestimation may explain 
the differences we found between the 2 estimates.

Furthermore, we reduced unequal catchability by 
stratifying the results by period of year and geographic 
area. Other factors associated with unequal catchability 
should be taken into consideration, but it was not possi-
ble to do so comprehensively in our study. In particular, 
patients with severe disease may have had a higher prob-
ability of being captured by surveillance systems, which 
would lead to an underestimation of dengue infections 
(28). Conversely, the risk for false positives when using 
IgM detection for dengue diagnosis may have led to an 
overestimation of this number.

As in other countries, the dengue surveillance systems 
in France aim to identify symptomatic patients. The propor-
tion of asymptomatic or mildly symptomatic dengue infec-
tions fluctuates within endemo-epidemic countries (29) and 
equals ≈75% (29,30) of all dengue infections. Our estimate, 
based on symptomatic cases, must therefore be multiplied 

by 4 to provide a total number of imported dengue cases in 
France: ≈33,000 cases for the 2007–2010 period, including  
1,300 cases in the area where the competent vector was es-
tablished and during its period of activity. However, the 
role of asymptomatic dengue cases in the transmission of 
the virus to the competent vector is still not well known. 
In other words, viremia could be lower and shorter in du-
ration in asymptomatic persons than in their symptomatic 
counterparts (31) and it is not certain that viremia of as-
ymptomatic or mildly symptomatic persons is sufficient to 
be infective. From a public health point of view, the rou-
tine detection of asymptomatic infections returning from 
abroad is inconceivable.

Conclusions
Completeness of the 2 national-level surveillance 

systems differed greatly: ≈10% for mandatory notification 
and ≈40% for the laboratory network. For both surveil-
lance systems, completeness was much higher in the area 
where the competent vector was established, and during 
the vector’s period of activity; these factors represent the 
main target of the surveillance system. Although this find-
ing is comforting in terms of ensuring the implementation 
of measures aimed at limiting the risk for a local cycle 
transmission, additional efforts should be made to further 
increase completeness. The low completeness level of 
mandatory notification brings up the question of its real 
usefulness for the early detection of cases and the imple-
mentation of control measures, especially because it only 
marginally improves the completeness of the laboratory 
network. However, the mandatory notification system in 
France does monitor the trends of imported cases, includ-
ing those from countries where no dengue surveillance 
systems are in place, as is the case in most countries in 
western Africa (32). Furthermore, the mandatory noti-
fication system collects additional clinical information 
(symptoms, severity) which can be analyzed according to 
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Table	5.	Geographic	area	of	acquisition	(%)	among	patients	with	dengue	infection	in	metropolitan	France,	2007–2010* 
Region† 2007	(n	=	109) 2008	(n	=	119) 2009	(n	=	151) 2010	(n	=	956) 2007–2010	(n	=	1,335) 
Africa      
Central 2.8 0.8 0.7 0.6 0.8 
East 6.4 1.7 0.7 2.6 2.6 
West 4.6 21.8 11.9 1.8 4.9 

Americas      
Caribbean 42.2 22.7 19.9 75.0 61.4 
Central	America 3.7 3.4 4.0 0.4 1.3 
South	America 8.3 5.9 13.9 2.8 4.8 

Asia      
Central 6.4 7.6 8.6 3.9 4.9 
Southeast 20.2 28.6 32.5 12.8 17.0 

South	Pacific      
Polynesia 5.5 7.6 6.0 0.0 1.8 
Other	areas	in	the	South	Pacific 0.0 0.0 2.0 0.1 0.3 

*Information	was	available	for	mandatory	notification	and	for	3	of	the	6	laboratories	involved	in	the	surveillance	network. 
†Geographic regions and subregions:	United	Nations	Statistics	Division (http://unstats.un.org/unsd/methods/m49/m49regin.htm). 
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the serotype. This system is especially useful for surveil-
lance of severe cases. 

The laboratory network system is used for the moni-
toring of spatial and temporal trends of dengue fever 
among travelers, and the assessment of the risk for im-
portation into metropolitan France, including areas where 
the vector is already established or is likely to become 
established. In our study, the observed geographic origin 
of imported cases can probably be simultaneously ex-
plained by the global epidemiology of dengue, traveler 
flows to France, and the practices used to request labora-
tory diagnosis. Travelers returning from Antilles during 
intense dengue epidemics were among those who intro-
duced the greatest number of cases. Such a situation may 
recur more frequently in the future as the epidemiology of 
dengue continues to become hyperendemic in these ter-
ritories (19). Furthermore, the number of imported cases 
may increase because of the expansion of dengue and the 
increase of travelers.

The third system, enhanced surveillance, completes 
the framework. It contributes to the detection of a few ad-
ditional cases that were not detected by the other 2 surveil-
lance systems. The enhanced surveillance system leads to 
faster detection of the great majority of cases in the areas 
where Ae. albopictus mosquitoes were found compared 
with the 2 other surveillance systems. It results in the im-
mediate implementation of local control measures. More-
over, this local enhanced surveillance supports the annual 
mobilization of professionals during the vector activity  

period, including health stakeholders in the areas where the 
vector is expanding.
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The widely used pseudorabies virus (PRV) Bartha-K61 
vaccine has played a key role in the eradication of PRV. 
Since late 2011, however, a disease characterized by neu-
rologic symptoms and a high number of deaths among new-
born piglets has occurred among Bartha-K61–vaccinated 
pigs on many farms in China. Clinical samples from pigs 
on 15 farms in 6 provinces were examined. The PRV gE 
gene was detectable by PCR in all samples, and sequence 
analysis of the gE gene showed that all isolates belonged to 
a relatively independent cluster and contained 2 amino acid 
insertions. A PRV (named HeN1) was isolated and caused 
transitional fever in pigs. In protection assays, Bartha-K61 
vaccine provided 100% protection against lethal challenge 
with SC (a classical PRV) but only 50% protection against 
4 challenges with strain HeN1. The findings suggest that 
Bartha-K61 vaccine does not provide effective protection 
against PRV HeN1 infection.

Pseudorabies virus (PRV; family Herpesviridae, subfam-
ily Alphaherpesvirinae, genus Varicellovirus) contains 

a double-stranded DNA genome with strong genetic stabil-
ity. The virus has a broad host range and can infect most 
mammals and some avian species (1). Pigs are the natural 
reservoir for PRV; infection in adult pigs is called Aujeszky 
disease. Swine farmers with PRV-infected pigs can incur 
substantial economic costs from reproductive losses in 
sows and from weight loss in infected adults (2). PRV is 
especially prominent in regions of South America, Asia, 
and Europe with dense swine populations. There have been 
no reports of PRV in Norway, Finland, or Malta, and the 
disease has been eradicated from domestic pig populations 

in Germany, Austria, Sweden, Denmark, the United King-
dom, Canada, New Zealand, and the United States (3). 

The swine industry worldwide has effectively used 
vaccines to control pseudorabies for >30 years; cases of 
the disease are now rarely reported from pig farms (4–7). 
Among the vaccines, Bartha-K61 is widely used and has 
played a key role in the eradication of pseudorabies. This 
vaccine is an attenuated strain of PRV produced by exten-
sive in vitro passage and contains a well-characterized de-
letion of several viral proteins (i.e., complete gE and US9, 
partial gI and US2) that attenuates virulence (8–10). Thus, 
the gE ELISA is used for the differential diagnosis of infec-
tion with field PRV strains or vaccine strain in pigs.

In China, the first report of a PRV outbreak occurred in 
the 1950s, and the Bartha-K61 vaccine was imported from 
Hungary to China in the 1970s (11). From the 1990s until 
late 2011, >80% of pigs in China were vaccinated with the 
Bartha-K61 vaccine, and pseudorabies was well controlled 
(12). However, beginning in late 2011, pseudorabies has 
occurred on many large pig farms in animals that have been 
vaccinated with Bartha-K61 vaccine; during the first month 
of these outbreaks, 50% of samples were positive for pseu-
dorabies gE antibody. The disease is characterized by still-
birth or the birth of weak piglets with neurologic symptoms 
that ultimately lead to death. The onset of clinical signs in 
2- to 3-day-old piglets is sudden, spanning 5 hours from 
onset to death. The disease in piglets is characterized by 
shivering and opisthotonos, and 10%–50% of infected pig-
lets die. Since the initial outbreak in late 2011, the disease 
has occurred in 6 provinces in China with extensive pig-
raising industries and caused many piglet deaths and great 
economic loss (13).

The PRV Bartha-K61 vaccine is widely used to pro-
tect pigs against pseudorabies; there has been no reported 
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resistance to the vaccine. In 2012, to determine the cause of 
recent PRV outbreaks among Bartha-K61–vaccinated pigs, 
we obtained clinical samples from piglets with suspected 
pseudorabies. A breakthrough PRV was isolated from the 
samples, and we identified the pathogenicity and immuno-
logic protection of the novel isolate.

Materials and Methods
In 2012, we collected brain tissue from 154 dead pig-

lets with suspected pseudorabies. The piglets were from 15 
farms located in 6 provinces of China: Henan, Heilongji-
ang, Jilin, Liaoning, Inner Mongolia, and Jiangsu Prov-
inces. All of the farms used PRV Bartha-K61 vaccine to 
protect their pigs against pseudorabies.

Cells, Vaccine, and Challenge Virus
Vero cells were used for virus propagation and titration 

in Dulbecco Modified Eagle Medium (Invitrogen, Carls-
bad, CA, USA) supplemented with 10% heat-inactivated 
fetal bovine serum (Invitrogen), 100 µg/mL streptomycin, 
and 100 IU/mL penicillin. PRV Bartha-K61 vaccine with 
a virus titer of 105.5 50% tissue culture infectious doses 
(TCID50)/dose was purchased from Harbin Weike Biotech-
nology Development Co. (Harbin, China). According to 
the quality standards for this vaccine (14), the virus titer of 
qualified product is >5,000 TCID50/dose. PRV SC strain, 
which is highly pathogenic to sheep and pigs (4), was iso-
lated in 1980 and has been maintained in our laboratory. 
This strain has been used as a challenge virus to test the ef-
fectiveness of Bartha-K61 vaccine in China from the time 
the vaccine was first licensed in this country (14).

Viral Genome Extraction and PCR
DNA extraction was performed as described 

(15). The sense primer used for PCR was 5′-ATGCG-
GCCCTTTCTG-3′, and the reverse primer was 5′-CG-
GTTCTCCCGGTATTTAAGC-3′. The thermal profile 
used for PCR was 95°C for 4 min; followed by 35 cycles 
of 94°C for 30 s, 65°C for 30 s, and 72°C for 2 min; and 
a final extension at 72°C for 10 min. This generated the 
complete sequence of the PRV gE gene (previously US8) 
and the flanking regions of gI (previously US7), and US9. 
The PCR products were subjected to electrophoresis on a 
1% agarose gel and stained with ethidium bromide for visu-
alization using an ultraviolet transilluminator (MiniLumi; 
DNR Bio-Imaging Systems Ltd., Kibutz Maale HaHami-
sha, Israel).

Virus Isolation
PRV PCR–positive brain tissue homogenates were 

centrifuged at 10,000 ´ g for 10 min. The supernatant was 
passed through a 0.45-µm filter and transferred to Vero 
cell monolayers. The cells were incubated at 37°C and 

examined daily for cytopathic effect (CPE). After the 
appearance of CPE, cells were collected and stored at 
−20°C, and a novel PRV was chosen for further investi-
gation; we named the isolate HeN1. After 3 freeze-thaw 
cycles, PRV was cultured in Vero cells. The fifth passage 
of PRV was negatively stained with 2% phosphotungstic 
acid, and we examined the virus particle morphology by 
using a transmission electron microscope (H-7650; Hita-
chi High-Technologies Ltd., Tokyo, Japan).

Phylogenetic Analyses
Sixteen of the positive PCR products selected from 

different farms or collection times were cloned into the 
pMD18-T vector, and the insert was sequenced in both 
directions. We analyzed sequence data as described (16) 
and compared the complete sequences of the gE gene with 
all PRV gE sequences available in the GenBank database 
(Table 1). We used Lasergene sequence analysis software 
(DNASTAR, Madison, WI, USA) to perform multiple se-
quence alignments and phylogenetic analyses.

Experimental PRV Inoculation of Pigs
Six 3-month-old specific pathogen–free Bama min-

iature pigs were obtained from the Experimental Ani-
mal Center at the Veterinary Research Institute (Harbin, 
China). All pigs were confirmed to be free of PRV infec-
tion by using a gE ELISA kit (HerdChek PRV; IDEXX 
Laboratories, Westbrook, ME, USA) for PRV antibody 
detection and by using PCR. The animals were also de-
termined to be free of porcine circovirus type 2, classical 
swine fever virus, porcine reproductive and respiratory 
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Table 1.Pseudorabies virus isolates whose complete sequences 
of the gE gene were compared with that of variant HeN1 from pigs 
vaccinated with Bartha-K61 vaccine strain, China, 2012* 

Isolate Country Year of isolation 
GenBank 

accession no. 
Ea China 1999 AF171937 
PRV-SH China 1999 AF207700 
Guangdong China 2001 AF403050 
LA China 2002 AY173124 
GDSH China 2007 EF552427 
GZ-Z1 China 2010 HQ832846 
LXB6 China 2010 GQ926932 
LXB88 China 2010 GQ926933 
Yangsan South Korea 2003 AY249861 
CL/15 Argentina 1988 JF460026 
Kaplan Hungary Unknown JF797218 
Becker United States Unknown JF797219 
P-PrV Malaysia Unknown FJ176390 
Rice Unknown 1975 M14336 
NS374 Belgium 1971 FJ605135 
75V19 Belgium 1975 FJ605133 
89V87 Belgium 1989 FJ605138 
00V72 Belgium 2000 FJ605137 
Nia-1 Ireland 1962 FJ605136 
NiA3 Spain 2008 EU502923 
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syndrome virus, and swine influenza virus infections by 
using serologic methods or reverse transcription PCR or 
PCR as described (17,18).

The pigs were randomly assigned to 2 rooms and 
kept under Biosafety Level 2 conditions throughout the 
experiment. Five of the 6 pigs were in the test group (pigs 
011–015); these pigs were injected intramuscularly with a 
1-mL inoculum containing 1×107.0 TCID50 of PRV strain 
HeN1. The sixth pig was used as a control and injected 
intramuscularly with 1 mL of Vero cell culture superna-
tant. Clinical symptoms were checked daily throughout 
the study, and rectal temperatures were recorded daily 
before feeding. We used the HerdChek PRV gE ELISA 
kit according to the manufacturer’s instructions to analyze 
PRV-specific antibodies in serum samples collected 0, 2, 
5, 7, 14, 21, 28, and 35 days after inoculation. All ani-
mals were euthanized on postinoculation day 35. Tissue 
samples were obtained from the brains, lungs, hearts, tes-
ticles, and lymphoid nodes (mandibular, mesenteric, and 
superficial inguinal) for virus detection by PCR or virus 
isolation and for histopathologic examination.

Virus Neutralization Assay
We intramuscularly inoculated 5 PRV-free piglets 

with 105.5TCID50 Bartha-K61 vaccine. Blood samples were 
collected weekly from each animal, and antisera were indi-
vidually prepared and stored at -80°C until used. The virus 
neutralization assay was performed as described (4). All 
sera were heat-inactivated for 30 min at 56°C before test-
ing. The assays were performed by mixing PRV SC and 
HeN1 strains, respectively, with 50 mL of serially diluted 

antiserum and 100 TCID50 Bartha-K61 vaccine. Antiserum 
titers were expressed as the highest dilution that reduced 
the viral CPE by 50% relative to non-neutralized controls. 
All samples were analyzed in duplicate, and the results 
shown are the average of the duplicate assays.

Experimental PRV Inoculation of Sheep
Sheep are commonly used to examine the efficacy 

of Bartha-K61 vaccine in China. The experimental de-
sign, immune dose, and viral challenge level used were in  
accordance with China’s quality standards for veterinary 
biological products (14). Fourteen 18-month-old sheep 
were obtained from a farm determined, by PCR and gE 
ELISA (HerdChek PRV), to be free from PRV infection. 
Sheep were randomly assigned to 4 isolation rooms. Each 
sheep in Groups 1 and 3 was injected intramuscularly 
with 105.0 TCID50 Bartha-K61 vaccine. Sheep in Groups 
2 and 4 were not vaccinated. After continuous observa-
tion for 14 days, the sheep in Groups 1 and 2 were each 
challenged with 1,000 50% lethal doses (LD50) of PRV 
SC strain, and sheep in Groups 3 and 4 were challenged 
with 1,000 LD50 of HeN1 strain. The LD50 was titrated ac-
cording to quality standards (14). According to the qual-
ity standards of Bartha-K61 vaccine, at least 2 sheep in 
the control group would become ill with pseudorabies and 
die, and all of the vaccinated sheep would be protected 
against infection.

Results

PCR Survey of Clinical Samples
PRV was detected by PCR in 88 (57.1%) of the 154 

clinical samples tested. At least 1 sample from each of the 
15 farms examined was positive (Table 2), suggesting that 
wild-type PRV infection is prevalent in China.

PRV Isolation
Positive brain tissue homogenate was filtered to re-

move bacteria and then inoculated onto Vero cells. CPE 
was characterized by the appearance of reticulated cells 
at 48 h (Figure 1). RNA and DNA extracted from the cell 

	 Emerging Infectious Diseases • www.cdc.gov/eid • Vol. 19, No. 11, November 2013	 1751

 
Table 2. Detection of pseudorabies virus in Bartha-K61–
vaccinated pigs on farms in 6 provinces, China, 2012* 

Province 
No. farms with 

tested pigs 
No. PRV-positive 

samples/no. tested (%) 
Heilongjiang 3 19/26 (73.1) 
Jilin 1 2/4 (50.0) 
Liaoning 2 11/17 (78.6) 
Inner Mongolia 3 17/39 (43.6) 
Henan 5 38/67 (53.7) 
Jiangsu 1 1/1 (100) 
Total 15 88/154 (57.1) 
*Virus was detected by gE-specific PCR. 
 
 

Figure 1. Cytopathic effect and morphology of pseudorabies virus strain HeN1. A) Uninfected control Vero cells. B) Pseudorabies virus–infected 
Vero cells. A) and B) Original magnification ×200. The cytopathic effect, which was characterized by reticulated cells, was observed 48 h after 
inoculation. Spherical virus particles without (C) or with (D) viral envelope were observed by electron microscopy. Scale bars indicate 500 nm.
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cultures were tested by reverse transcription PCR or PCR 
and were PRV positive but negative for classical swine 
fever virus and porcine reproductive and respiratory syn-
drome. The HeN1 isolate was examined by electron mi-
croscopy, and spherical viral particles with or without vi-
ral envelope were observed (Figure 1).

Phylogenetic Analysis
The complete gE genes of 16 isolates collected in 

2012 from pig clinical samples were sequenced; each 
was 1,740 bp. Phylogenetic analysis revealed that the 
sequences of all 16 isolates clustered to a relatively in-
dependent region of the tree; this region was relatively 
distant from previously isolated strains of PRV (Figure 2, 
panel A). The PRV isolates shared 98.6%–99.8% nt and 
95.0%–99.6% aa identity with previously isolated PRVs. 
Compared with Kaplan and Becker strains, these 16 iso-
lates contained 2 aa insertions. Aspartate amino acid  

residues were inserted at positions 48 and 492–495, where 
the 2012 isolates contained 5 continuous residues and 
earlier isolates contained 4 continuous residues (Figure 
2, panel B). Although amino acid insertion was also ob-
served in a few early Chinese PRV isolates, the insertion 
in the new 2012 isolates was highly conserved.

PRV HeN1–Inoculated, Bartha-K61–Vaccinated Pigs
Fever (rectal temperature <41.0°C, reference tem-

perature 39.0°C–39.5°C) developed in HeN1 PRV-inocu-
lated pigs 2–6 days after challenge; temperatures returned 
to normal 7 days after inoculation and remained normal 
until the end of the experiment (Figure 3). Four to 6 days 
after challenge, loss of appetite was observed in the pigs; 
appetites subsequently returned to normal 6–7 days af-
ter inoculation without any other clinical symptoms.  
PRV gE antibodies were detected in serum samples for 
all pigs 5–7 days after inoculation (Figure 3). Pathologic  
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Figure 2. Phylogenetic analysis and comparison, based on gE amino acid sequences, of pseudorabies virus (PRV) isolates. An unrooted 
tree was constructed from the aligned amino acid sequences of 39 PRV isolates. Black diamonds indicate 16 PRV isolates from China that 
were collected in 2012; these isolates belong to a relatively independent branch in the phylogenetic tree (A) and possess 2 aspartic acid 
(Asp, D) insertions (positions 48 and 492–495), which are highlighted in yellow (B).
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examination showed brain hemorrhage in all infected 
pigs (Figure 4); noteworthy damage did not occur in other 
organs. In the brain, the histopathologic changes were 
characterized by local bleeding of the meninges, chronic 
meningitis, and lymphocyte infiltration around the small 
blood vessels of the brain cortex. PRV HeN1 was not de-
tectable in serum samples by PCR or virus isolation, but 
it was detectable in all brains and most testicles by PCR 
(Table 3).

Virus Neutralization Assay
At different times, we collected antiserum samples 

from PRV Bartha-K61–vaccinated pigs and measured the 
virus neutralization capacity against Bartha-K61, SC, and 

HeN1 PRV strains. The virus neutralization titer of antisera 
to Bartha-K61 was typically 20- to 40-fold. The capacity of 
neutralizing heterologous PRVs was lower, and the virus 
neutralization titer of antisera was 10- to 15-fold against SC 
strain and 10-fold against the novel HeN1 strain (Figure 5).

Immunologic Protection in Sheep
To determine the protective effect of Bartha-K61 vac-

cine strain against PRV HeN1 challenge, we vaccinated 
sheep, challenged them with PRV strain HeN1 or SC, and 
then continuously observed them for 14 days. The control 
(unvaccinated) sheep challenged with HeN1 or SC strain 
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Figure 3. Rectal temperatures and gE antibody levels of 
Bartha-K61–vaccinated pigs inoculated with pseudorabies virus 
strain HeN1. A) Rectal temperatures >40.5°C were defined as fever 
and typically occurred 2–6 days after inoculation. B) Pseudorabies 
virus gE–specific antibody development was monitored by use 
of a gE ELISA and reported as blocking ratios; a ratio <0.6 was 
considered positive.

Figure 4. Brain tissue of an unvaccinated control pig (A) and pig 
inoculated with pseudorabies virus strain HeN1 (B). Arrows indicate 
lymphocyte infiltration around the small blood vessels in the brain 
cortex. Original magnification ×100.

 
Table 3. Virus detection in clinical samples from 5 Bartha-K61–vaccinated pigs inoculated with pseudorabies virus HeN1, China, 2012* 

Pig no. 

Serum sample on 
postinoculation day no. 

Brain Lung 

Lymph nodes 

Testicle Heart Mandibular Mesenteric 
Superficial 

inguinal 2 5 7 
011    + + + +  +  
012    + +  + + +  
013    +   +  +  
014    +   +    
015    + + +  + +  
*Virus was detected in serum samples by PCR and virus isolation; virus was detected in organs by PCR only., negative; +, positive. 
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all showed signs of disease and died. The vaccinated sheep 
challenged with SC strain did not show signs of disease; 
thus, the Bartha-K61 vaccine was confirmed to be of accept-
able quality. However, 2 of 4 Bartha-K61–vaccinated sheep 
challenged with PRV HeN1 strain showed signs of disease 
and died; thus, the protection ratio was 50% (Table 4). These 
data suggest that the Bartha-K61 vaccine does not provide 
effective protection against infection with PRV strain HeN1.

Discussion
Pigs are the reservoir host for PRV. Nonpregnant adult 

pigs do not show obvious clinical signs and symptoms of 
infection, except for weight loss; however, among pregnant 
sows, the disease causes stillbirths and the birth of weak 
piglets with neurologic symptoms that lead to death. New-
born piglets are difficult to rear without sows, and they are 
not suitable for testing the pathogenicity of PRV or immu-
nity to PRV. However, sheep of all ages are highly sus-
ceptible to PRV, even with low-dose infections, and they 
have high death rates from the disease. Typical symptoms 
observed in PRV-infected sheep are itching, constantly ris-
ing and falling head, convulsions, salivation, and difficulty 
with breathing; up to 100% of infected sheep die (4). Thus, 

in China, sheep are typically used for determining the ef-
ficacy of Bartha-K61 vaccine in quality standards for vet-
erinary biologic products (14). In addition, lethal challenge 
with 1,000 LD50 PRV SC strain has also been documented 
in these quality standards.

The findings in this study showed that sheep vaccinated 
with Bartha-K61 vaccine were protected from a lethal chal-
lenge with PRV SC strain, proving that the vaccine was ef-
fective. However, only half of the sheep vaccinated with 
Bartha-K61 vaccine survived challenge with the novel HeN1 
strain, suggesting that the vaccine does not provide full pro-
tection against this PRV strain. In China, PRV Bartha-K61 
vaccine has been widely applied in the field for ≈30 years, 
and is recognized as an excellent vaccine strain. Neverthe-
less, since late 2011, cases of pseudorabies have occurred 
on many farms, and the disease has gradually become wide-
spread in China. Animals on the affected farms had been 
vaccinated according to normal procedures with PRV Bar-
tha-K61 vaccine. Brain tissue was collected from dead pig-
lets with suspected pseudorabies on 15 pig farms in 6 China 
provinces and tested for the presence of PRV by PCR and 
virus isolation. Wild PRV was present in all 15 samples, and 
gE gene sequencing showed the isolates to be phylogeneti-
cally distant from previously characterized PRV isolates.

Newborn piglets infected with virulent PRV occa-
sionally show diarrhea, neurologic signs, and a higher 
risk for death, all of which can lead to a misdiagnosis of 
highly pathogenic porcine reproductive and respiratory 
syndrome, classical swine fever, or pig epidemic diarrhea. 
Viremia is not evident in PRV-infected pigs (19), and 
our results showed that PRV was found at a considerably 
higher rate in brain tissue than in blood; thus, brain tissue 
is likely to be the most reliable clinical sample for diagnos-
ing PRV infection.

PRV antibody can be detected in sheep after vaccina-
tion. However, protection against PRV challenge is not 
closely related to the level of antibody because the virus is 
nonviremic and spreads predominantly by mucosal infection 
and neuronal innervation (19). Results of a microneutraliza-
tion assay suggested that serum generated by pigs vaccinated 
with Bartha-K61 vaccine had neutralizing ability; however, 
this neutralizing ability was substantially decreased for cur-
rently circulating virulent PRV strains. Moreover, there was 
no correlation between the neutralizing antibody titer and 
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Figure 5. Neutralizing ability of antisera generated against 
pseudorabies Bartha-K61 vaccine to block wild pseudorabies virus 
strain infection. The neutralization titer to Bartha-K61 was 20- to 40-
fold; the neutralization titers to pseudorabies virus SC and HeN1 strains 
were 10- to 15-fold and 10-fold, respectively. The virus neutralization 
assay was performed with antiserum from 5 individual piglets; error 
bars represent the SD of the 5 experiments.

 
Table 4. Protective effect of Bartha-K61 vaccine in sheep challenged with PRV strains HeN1 and SC, China, 2012* 

Group no. 
Vaccinated with Bartha-

K61 

No. PRV antibody–
positive before 

challenge/no. total Challenge virus 

No. sick after 
challenge/no. 

total 

No. deaths after 
challenge/no. 

total 
No. protected 
sheep/no. total 

1 Yes 4/4 HeN1 2/4 2/4 2/4 
2 No  0/3 HeN1 3/3 3/3 0/3 
3 Yes 3/4 SC 0/4 0/4 4/4 
4 No 0/3 SC 3/3 3/3 0/3 
*Sheep from a farm determined to be free from PRV infection were randomly assigned to 4 isolation rooms (Groups 1–4). After vaccination, sheep were 
challenged with PRV strain HeN1 or SC and continuously observed for 14 days. PRV, pseudorabies virus. 
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protection rate, so evaluation of vaccine efficacy should not 
be judged purely by the levels of neutralizing antibodies. 
Thus, the protective immune response afforded by exist-
ing vaccine strains against the currently circulating, virulent 
PRV HeN1 isolate remains to be elucidated.

The control and prevention of pseudorabies requires de-
population of infected animals, zoning for restricted move-
ment of commercial animals, and improved strategies for 
detecting PRV infection and vaccinating against the disease 
(3). Vaccination and DIVA (differentiating infected from 
vaccinated animals) form the basis of control and preven-
tion (20). In some European Union countries, the disease has 
been well controlled or eradicated by using a gE-deleted vac-
cine along with gE ELISA for the differential diagnosis of 
infection with field PRV or the vaccine strain in pigs (21,22). 
In China, the epidemiologic surveillance of PRV has been 
strengthened, PRV-positive pigs are being separated from 
noninfected pigs, and PRV-free pig farms have been advised 
to vaccinate their animals. In addition, research on the patho-
genicity of PRV is ongoing in China, and a new effective 
vaccine is also in development in China.
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Understanding global influenza migration and per-
sistence is crucial for vaccine strain selection. Using 240 
new human influenza A virus whole genomes collected 
in Vietnam during 2001–2008, we looked for persistence 
patterns and migratory connections between Vietnam and 
other countries. We found that viruses in Vietnam migrate 
to and from China, Hong Kong, Taiwan, Cambodia, Ja-
pan, South Korea, and the United States. We attempted 
to reduce geographic bias by generating phylogenies 
subsampled at the year and country levels. However, 
migration events in these phylogenies were still driven 
by the presence or absence of sequence data, indicat-
ing that an epidemiologic study design that controls for 
prevalence is required for robust migration analysis. With 
whole-genome data, most migration events are not de-
tectable from the phylogeny of the hemagglutinin segment 
alone, although general migratory relationships between 
Vietnam and other countries are visible in the hemaggluti-
nin phylogeny. It is possible that virus lineages in Vietnam 
persisted for >1 year.

Understanding influenza dynamics in tropical regions 
is crucial for understanding global influenza epide-

miology because dynamics between temperate and tropi-
cal regions are closely linked. Phylogenetic studies have 
supported eastern Asia, Southeast Asia, and the tropics as 

potential ecological sources of global influenza circulation 
(1,2), but others have suggested a variety of geographic 
regions as potential sources (3–5). Consequently, the role 
played by the tropics in the global epidemiology of influ-
enza is still uncertain. Viral gene sequence data from tropi-
cal countries are crucial for understanding virus migratory 
routes within the tropics and between tropical and temper-
ate countries.

Vietnam is an example of a tropical country that 
may play a major role in global influenza dynamics but 
for which relatively little is known about influenza epide-
miology and genetic population structure of the viruses. 
Sentinel surveillance suggests that in Vietnam, influenza 
peaks 1–2 times per year, but neither the influenza-like 
illness (ILI) data nor the virologic confirmation data show 
a simple seasonal pattern; the trends for confirmed influ-
enza cases fluctuate more than trends for ILI (6,7). Sero-
logic studies indicate that annual influenza incidence in 
Vietnam is between 17% and 26% (8). The population of 
Vietnam is relatively young; according to contact patterns, 
most cases should occur among younger persons (9,10). 
Given Vietnam’s high population density and strong 
travel connections to eastern Asia, Southeast Asia, and 
Australia/New Zealand, Vietnam is as likely as any other 
country in eastern or Southeast Asia to support continu-
ous, year-round circulation of a single influenza lineage 
(persistence) and potentially act as a global source of in-
fluenza viruses.

Previous global phylogenetic studies of influenza 
have demonstrated virus mixing globally (3,4,11), a 
lack of interseasonal persistence in temperate regions 
(1,2,11,12), and some evidence of persistence in subtropi-
cal regions (5,13). Time-series studies of confirmed influ-
enza suggest (with exceptions [14]) that influenza does 
not exhibit the same strong and regular seasonality in 
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Migration and Persistence of Influenza A Viruses, Vietnam

tropical countries as it does in temperate zones (15–19) 
and that it could be constantly circulating throughout the 
year (20,21); however, in the latter 2 studies, phylogenet-
ic analyses were not performed. We analyzed 240 newly 
sequenced influenza virus whole genomes from Vietnam, 
sampled through the Vietnam National Sentinel Surveil-
lance System during 2001–2008 (6). We determined 
the relative strength of influenza migratory connections 
between Vietnam and the rest of the world, and we in-
terpreted these results in the context of a sampling bias 
that seems to affect all sequence-based studies aiming for 
phylogeographic interpretations. On the basis of frequent 
sampling in 2007 and 2008, we assessed whether influ-
enza viral lineages persisted in Vietnam during this peri-
od. However, we could not definitively conclude whether 
Vietnam represents a sink or a source population for in-
fluenza transmission.

Understanding global influenza migration and persis-
tence patterns is crucial for maintaining a coordinated and 
efficient biannual strain selection process for influenza vac-
cine. Choices for future vaccine components will depend 
on recent availability of samples, and understanding each 
region’s contribution to global influenza circulation will 
help inform decisions based on viruses coming from highly 
connected or weakly connected regions.

Methods

Samples
During 2001–2008, as part of the Vietnam National 

Influenza Surveillance System, nasopharyngeal or throat 
swab samples were collected from patients seeking care 
for ILI at hospitals (6). Specimens were tested for influ-
enza A and B viruses and were further subtyped for H1, 
H3, and H5 by reverse transcription PCR by using prim-
ers, probes, and reagents recommended by the Centers 
for Disease Control and Prevention and the World Health 
Organization (WHO). Samples that were positive for in-
fluenza A by PCR were selected for virus isolation, and 
isolates reaching a titer of 1:8 in hemagglutination assays 
were selected for sequencing analysis. All isolates were 
subtyped by using hemagglutination assays with refer-
ence antigens and antiserum from the WHO reagent kit. 

A total of 242 samples were shipped to the National In-
stitutes of Health Influenza Genome Sequencing Project 
(USA) (22) for whole-genome sequencing at the J. Craig 
Venter Institute. Of the 242 samples, 2 were excluded 
from this analysis (1 that could not be sequenced and 1 
from a patient with a mixed infection). The final dataset 
of the 240 whole-genome sequences comprised 145 influ-
enza subtypes H3N2 and 95 H1N1 (GenBank accession 
nos. CY103972–CY105893). Table 1 shows the numbers 
and locations of the viruses.

Datasets
For phylogeographic analysis, we compiled influenza 

virus sequences of subtypes H1N1 and H3N2 into 2 data-
sets: a regional dataset of whole-genome sequences from 
Asia and Australia/New Zealand and a global dataset of 
geographically subsampled sequences (50 replicates) of the 
hemagglutinin (HA) segment (online Technical Appendix, 
wwwnc.cdc.gov/EID/article/19/11/13-0349-Techapp1.
pdf). For subsampling, we randomly sampled 12 sequences 
per geographic region per year.

Phylogenetic Inference
Sequences were aligned by using the MUSCLE pro-

gram, version 3.8 (23). Maximum-likelihood trees were in-
ferred by using RAxML version 7.3.0 with 2,000 bootstrap 
replicates (24,25). For the regional HA datasets, phyloge-
netic trees with sampling date information were inferred by 
using BEAST version 1.6.2 (26) and a relaxed molecular 
clock (uncorrelated lognormal). The nucleotide substitu-
tion model was SRD06 + HKY85 + Γ, and the demograph-
ic models used were constant population size and Bayesian 
skyride (online Technical Appendix).

Analysis of Regional Migration
Migration analysis was conducted by using a straight-

forward parsimony method in the PAUP* program (27,28). 
The 2,000 bootstrap trees and the best maximum-likeli-
hood tree inferred by RAxML were read into PAUP*, and 
nucleotide sequences were replaced by single-letter loca-
tion codes assigned to a set of predefined global regions 
(online Technical Appendix Figures 5, 6). Changes in lo-
cation code were mapped onto the branches of the trees 
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Table 1. Influenza viruses successfully sequenced, Vietnam, 2001–2008 
Virus subtype, 
geographic region 

Year 
2001 2002 2003 2004 2005 2006 2007 2008 

H3N2         
 Northern 1 0 4 18 4 0 66 0 
 Central 0 0 9 2 19 1 8 13 
 Southern 0 0 0 0 0 0 0 0 
H1N1         
 Northern 6 2 24 0 1 6 0 6 
 Central 0 0 1 0 2 4 0 36 
 Southern 0 0 0 0 0 6 0 1 
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by using an ACCTRAN parsimony criterion (28). Analysis 
was performed on all segments to determine whether mi-
gration histories differed among them, which could have 
been caused by reassortment among influenza virus RNA 
segments. A strong reassortment signal was verified when 
standard mosaic and phylogenetic criteria were used (29) 
(online Technical Appendix Figure 2).

Analysis of Global Migration
For comparison, we performed the same migration 

analysis on the global dataset of 50 subsampled replicates 
for influenza virus subtypes H3N2 and H1N1. Migration 
matrices were built describing numbers of connections be-
tween 27 subtype H3N2 or 29 subtype H1N1 predefined 
geographic regions. We used Gephi software (30) to visu-
alize the connections in the matrix. For regions with suf-
ficient samples, we computed minimum distances to the 
trunk of the rooted phylogeny for all 50 subsampled trees 
(subtype H3N2 only) to determine whether viruses from 
different regions could be described as ancestral (close to 
the trunk) or derived (far from the trunk).

Results

Regional Migration of Influenza Virus (H3N2) HA
The relationship between the subtype H3N2 HA se-

quences from Vietnam and other viruses sampled in the 
region is shown in Figure 1. Representative samples from 
Vietnam are available for 2003–2008 but not for 2006, when 
subtype H1N1 predominated. Viruses isolated in Vietnam 
show close relationships to viruses isolated in Hong Kong, 
Taiwan, Singapore, and Australia/New Zealand. Inferred 
from this tree were 20 parsimony-unambiguous migration 
events, 9 showing Vietnam–Hong Kong migration, 7 show-
ing Vietnam–Australia/New Zealand migration, 2 showing 
Vietnam–Taiwan migration, 1 showing Vietnam–South 
Korea migration, and 1 showing Vietnam–Qatar migration. 
Clearly, because Hong Kong (68 sequences) and Australia/ 
New Zealand (>500 sequences) were overrepresented 
in the regional dataset, most Vietnam migrations were  
associated with these 2 locations. Because we were initially 
uncertain how well a geographically regional phylogenetic 
tree would reflect the true migration patterns of influenza 
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Figure 1. Maximum-likelihood phylogenetic tree (hemagglutinin segment) of the 787 sequences that comprise the regional influenza (H3N2) 
dataset. Tree is rooted on A/Canterbury/179/1999, and bootstrap values are shown on key nodes. Branches are colored by location: red, 
Vietnam; purple, Australia or New Zealand; green, Hong Kong; blue, Taiwan; orange, Singapore. Labels are shown directly to the left or right 
of the clades they are describing, with 2 exceptions: the label “VN Jun 2003–Jan 2004” refers to the viruses directly above it, and the label 
“ANZ 2000/2001” refers to the 2 major clades below it and above it. KG, Kyrgyzstan; VN, Vietnam; JP, Japan; KR, South Korea; QA, Qatar; 
KW, Kuwait; TW, Taiwan; HK, Hong Kong; ANZ, Australia and New Zealand. Scale bar indicates nucleotide substitutions per site.
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viruses in Vietnam, we performed a validation exercise to 
determine what proportion of global migration of influenza 
subtype H3N2 virus from Vietnam could be detected in a 
regional phylogenetic tree (online Technical Appendix). 
Approximately 70% of Vietnam influenza migrations from 
a global analysis were also observed in the regional tree.

Regional Migration of Influenza Virus (H1N1) HA
The relationship between influenza subtype H1N1 HA 

sequences from Vietnam and other regional viruses is shown 
in Figure 2. Representative samples from Vietnam are avail-
able for 2001–2008 but not for 2004 and 2007. Inferred from 
this tree are 10 parsimony-unambiguous migration events, 6 
showing Vietnam–Taiwan migration, 2 showing Vietnam–
Japan migration, and 2 showing Vietnam–Australia/New 
Zealand migration. As in the analysis for subtype H3N2, 
these migration links correspond with the viruses that were 
sequenced from the region during 2001–2008.

Whole-Genome Migration Patterns
Because the regional trees included only sequences 

for which whole genomes were available, migration  

patterns were compared systematically across all 8 influ-
enza segments. Because influenza viruses reassort, differ-
ent event histories should be visible in phylogenies in-
ferred separately for the 8 virus segments. Indeed, for the 
subtype H3N2 dataset, we observed a median of 14 par-
simony-unambiguous migration events for the neuramini-
dase segment and a median of 41 for the matrix protein 
segment; the other segments fell somewhere in between 
(Table 2). Again, most migrations were with Australia/
New Zealand and Hong Kong, indicating that the pat-
tern of migration is similar across segments, although 
different numbers of migrations and different individual 
migration events are visible when different segments are 
analyzed. For the matrix protein and nonstructural protein 
segments of subtype H3N2 viruses, the large number of 
migration events may result from the larger number of 
topologically uncertain and polytomic nodes in these trees 
that had to be randomly resolved to compute the number 
of migration events; that is, sequences from one country 
could be mistakenly mixed with sequences from other 
countries, thus generating some artificial migration events 
in the parsimony analysis. The low confidence in the  
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Figure 2. Maximum-likelihood phylogenetic tree (hemagglutinin segment) of the 300 sequences that comprise the regional influenza 
(H1N1) dataset. Tree is rooted on A/New Caledonia/20/1999, and bootstrap values are shown on key nodes. Branches are colored by 
location: red, Vietnam; purple, Australia or New Zealand; yellow, Japan; blue, Taiwan. Labels are shown directly to the left or right of 
the clades they are describing. JP, Japan; VN, Vietnam; TW, Taiwan; ANZ, Australia and New Zealand. Scale bar indicates nucleotide 
substitutions per site.
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Vietnam–Singapore migration link for subtype H3N2 may  
result from the small number of whole-genome sequences 
available from Singapore, all of which were collected  
in 2003.

For subtype H1N1 viruses, we observed 6–16 migra-
tion events across the trees inferred for the 8 segments 
(Table 2). In the bootstrapped data, the Vietnam–Taiwan 
and Vietnam–Japan migratory connections seem to be ap-
proximately equal, despite the fact that the best maximum-
likelihood tree showed 6 Vietnam–Taiwan connections and 
2 Vietnam–Japan connections. The migratory connection 
between Vietnam and Australia/New Zealand seems to be 
somewhat weaker, possibly because of substantially less 
sampling of Australia/New Zealand viruses in the subtype 
H1N1 dataset. In the subtype H1N1 dataset, the number of 
migration events for the matrix protein and nonstructural 
protein segments did not increase.

Migration in Subsampled Global HA Trees
Because it is clear that the presence and number of 

samples from different regions influence migration analy-
sis, migratory patterns were reanalyzed on the global sub-
sampled dataset to reduce the geographic bias present from 
having higher numbers of samples available from some re-
gions than others. Using global HA trees for subtype H3N2 
and H1N1 sequences, we constructed full migration matri-
ces including all parsimony-unambiguous migration events 
among our predefined regions (online Technical Appendix 
Figures 5, 6). These migration networks are shown in Fig-
ure 3, where the United States is a major hub of influenza 
migration and eastern Asia and Australia/New Zealand 
play major roles. The subtype H3N2 data show Vietnam 
connected with most other countries in eastern and South-
east Asia, with the United States, and weakly with south-
ern Asia. The subtype H1N1 data show Vietnam connected 
with the United States and Europe but weakly with other 
Asian countries. For both subtypes, the total number of mi-
gration events associated with each node in the network is 
correlated with the number of samples available for that 
node (all p values were <10–5; Kendall and Spearman tests). 
Note that sample numbers are not identical for each node 

because for some regions <12 sequences per year were 
available, and these regions did not need to be subsampled 
for those years. Hence, undersampling and oversampling 
can generate this correlation. Despite our attempt to reduce 
geographic bias in the global dataset, inference on migra-
tion events is still closely associated with regional avail-
ability of samples; this bias appears to affect all phylogeo-
graphic studies.

For H3N2 sequences, to determine whether any re-
gion has the characteristics of an ecological source, we 
computed the phylogenetic distance of sequences from 6 
well-sampled regions (China, Hong Kong, Japan, Viet-
nam, Australia/New Zealand, and the United States) to 
the trunk of the global maximum-likelihood phyloge-
netic tree (Figure 4). In 2003, for example, across all 
50 subsampled trees, sequences isolated in China were 
typically closest to the trunk of the phylogenetic tree, in-
dicating that these sequences are ancestral to other viral 
sequences sampled in 2003; this finding is consistent with 
the global replacement of subtype H3N2 viruses by the  
A/Fujian/411/2002-lineage that occurred in 2003. In gen-
eral, for the years 2003–2007, in no region were sequenc-
es consistently ancestral, indicating that it is unlikely that 
there is a single global source of human influenza viruses. 
The more likely global migration model involves periodic 
global strain replacements originating in different regions 
in different years (3,4). There were not sufficient samples 
from all regions/years to perform this analysis on the sub-
type H1N1 dataset.

Lineage Persistence
Figure 5 shows a Bayesian subtype H3N2 phylogenet-

ic tree inferred from the time-stamped regional sequence 
data. The insets of this figure detail the 2007–2008 part of 
the phylogeny (87 sequences) and the coalescent times for 
the tips of these branches. It is difficult to draw a complete 
persistence picture for these viruses because of undersam-
pling during the second quarter of 2007 and the first half of 
2008 despite PCR-confirmed evidence of influenza virus 
activity during these periods (6). The median coalescent 
time for viruses from Vietnam sampled during this period 
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Table 2. Observed migration of influenza virus between Vietnam and other countries* 
Virus subtype, 
country 

Median no. events (95% range) 
PB2 PB1 PA HA NP NA MP NS 

H3N2         
 Aus/NZ 9 (5–13) 9 (5–13) 7 (4–10) 7 (3–10) 11 (6–16) 5 (2–8) 26 (19–33) 27 (18–36) 
 Hong Kong 4 (1–7) 4 (1–8) 6 (2–10) 5 (2–8) 6 (2–10) 7 (3.5–12) 12 (6–18) 5 (1–10.5) 
 Taiwan 2 (1–3) 3 (2–4) 3 (2–4) 3 (1–4) 2 (1–4) 1 (0–3) 3 (1–5) 2 (1–5) 
 Singapore 1 (0–3) 1 (0–3) 0 (0–2) 1 (0–3) 1 (0–6) 1 (0–3) 0 (0–2) 1 (0–3) 
H1N1         
 Taiwan 3 (1–6) 3 (1–5) 4 (2–7) 5 (2–7) 5 (2–8) 4 (2–8) 5 (2–10) 5 (2–8) 
 Aus/NZ 2 (0–5) 1 (0–4) 2 (0–5) 2 (0–5) 4 (1–8) 2 (0–4) 5 (2–9) 2 (0–6) 
 Japan 2 (1–4) 2 (1–4) 2 (1–4) 3 (1–4) 4 (1–8) 1 (0–2) 6 (2–9) 4 (2–7) 
*Data from 2,000 bootstrapped trees for all 8 segments of regional datasets for influenza subtypes H3N2 and H1N1. PB, polymerase basic protein; PA, 
polymerase acidic protein; HA, hemagglutinin; NP, nucleocapsid protein; MP, matrix protein; NS, nonstructural protein; Aus/NZ, Australia/New Zealand. 
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is 37 days (interquartile range 21–72 days), and the insets in 
Figure 5 suggest that one of the lineages persisted in Viet-
nam for the 13 months from January 2007 through January 

2008. An absence of samples from February through May 
2008 makes it impossible to determine conclusively if this 
lineage persisted in Vietnam for the entire 2-year period.
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Figure 3. Global migration maps from fully subsampled global hemagglutinin tree for A) influenza (H3N2), based on 1,140 sequences, and 
B) influenza (H1N1), based on 554 sequences. The size and color of the nodes corresponds to the number of migration events associated 
with that location (median from 50 subsamples). The thickness of the lines corresponds to the number of migration events between 2 
nodes. Red lines join Vietnam to other locations; blue lines join other locations. UK, United Kingdom; USA, United States.



RESEARCH

To determine whether the lack of samples from oth-
er countries created an artifactual picture of lineage per-
sistence in Vietnam during 2007–2008, we assembled a  
sequence set of all 672 viruses from Asia and Australia/
New Zealand from 2006 through 2008. The maximum 
clade credibility tree of these sequences (online Techni-
cal Appendix Figure 4) indicates that the Vietnam lineages 
separate into >10 distinct lineages when viewed in the con-
text of all Asian/ Australia/New Zealand influenza viruses. 
One of these lineages persisted in Vietnam for 15 months 
(online Technical Appendix Figure 1 panel A), and another 
persisted for 10–12 months (online Technical Appendix 
Figure 1, panel B), suggesting that lineage persistence of 
>1 year may have occurred in Vietnam during 2007–2008. 
However, this type of analysis is very sensitive to phyloge-
netic uncertainty because the individual lineages (or sub-
clades) contain few sequences and may not be robust to 
small changes in tree topology.

Discussion
According to our analysis, the major migratory routes 

of influenza virus pass through the United States, eastern 
Asia, and Australia/New Zealand. Europe—despite its 
population density and consistency of wintertime influenza 
epidemics—was slightly less connected to other parts of the 
world when compared with the United States. These results 
are consistent with those of previous studies that showed 
eastern Asia (2) and tropical Asia (1) as key influenza 
source populations and the United States as a major con-
tributing region (3). The new sequence data in this analysis 
support strong migratory connections between Vietnam 
and neighboring countries, the United States, and Europe. 
Our regional phylogenetic analysis supports a strong con-
nection between Vietnam and Australia/New Zealand, but 
the global analysis reveals that Australia/New Zealand se-
quences are more closely related to sequences from Asian 
countries other than Vietnam. In addition, the inferred phy-
logenies provide evidence of virus persistence in Vietnam 
for >1 year. This is a major finding because strong migratory  

links and persistence are the 2 key features for a proposed 
source region for influenza transmission; long-term persis-
tence in tropical regions may be associated with more anti-
genic evolution and immune escape if it can be shown that 
longer persistence gives the virus population more time to 
accumulate and fix antigenic changes (2,31,32).

In general, persistence analyses are difficult even with 
regular sequence sampling and weekly virologic confirma-
tions. When attempting to assess the likelihood of influ-
enza persistence in a focal region (e.g., Vietnam), we must 
sample outside the focal region to determine whether local 
viruses have been reintroduced from elsewhere. However, 
the more sampling in the nonfocal region, the more likely 
it becomes that we sample nonfocal viruses similar to focal 
viruses and that more diversity is detected in the nonfocal 
region, making it seem basal (closer to the root) to the fo-
cal region. There are no clear criteria for whether we have 
undersampled or oversampled the focal or the nonfocal re-
gion; thus, it is extremely difficult to state with certainty 
that an apparently local lineage has persisted in the same 
location. For the 2007–2008 Vietnam influenza sequences, 
viruses were sampled for most of this period and coales-
cence times were generally short, indicating that most of 
these viruses have a relatively recent ancestor in Vietnam. 
These data are consistent with and provide evidence for 
lineage persistence in Vietnam during this time. However, 
we know of no unbiased test that can reject the possibil-
ity of virus introduction. The perfect dataset for demon-
strating lineage persistence would seem to be 52 viruses 
sampled in 52 weeks, with consecutive viruses differing at 
0 or 1 nt positions.

A major limitation of all migration analyses performed 
with sequence data is geographic sampling bias: unders-
ampling and oversampling. The more sequences that are 
available for a given location, the more likely it is that 1 
of these sequences will be a recent immigrant, identifiable 
by the presence of similar sequences from other locations. 
To overcome this bias, subsampling is typically conducted 
(3,5) to ensure that the same numbers of sequences are used 
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Figure 4. Minimum phylogenetic 
distance to the trunk, computed 
for the 50 subsampled global 
influenza (H3N2) phylogenies. 
Minimum distances are shown by 
year and by region, for 6 regions 
with sufficient sampling during 
2003–2007. ANZ, Australia/New 
Zealand; VN, Vietnam; HK, Hong 
Kong; CN, China; JP, Japan; US, 
United States. Red lines show 
medians across 50 subsamples. 
For Vietnam in 2006 and Hong 
Kong in 2007, there were 
insufficient virus sequences.
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from each region. In the situation when too few sequences 
are available from a particular location, a smaller number 
of migratory links will be able to be inferred for that loca-
tion. This second bias cannot be corrected with a subsam-
pling strategy.

Our analysis of the global subsampled dataset showed 
that sample counts and strength of migratory connections 
were highly correlated. It has so far been impossible to 
determine the causal direction in this correlation. A mi-
gration signal can be weak because of a dearth of samples. 
Conversely, the small number of samples can be the re-
sult of low influenza activity and a corresponding weak 
migratory connection with other regions. The direction-
ality of causation cannot be determined from sequence 
data alone. A sequence sampling strategy must be devised 
in the context of an influenza surveillance system, and  
the epidemiologic data and sequence data must be ana-
lyzed jointly. Disease prevalence and sequence data 
should be directly linked to provide a denominator to help 

determine whether undersampling or oversampling are 
truly occurring, which would allow for correction of sam-
pling numbers across regions.

Despite this seemingly obvious point about oversam-
pling, the counterpoint is that oversampling in influenza 
sequence data occurs with a high degree of pseudoreplica-
tion. Influenza sequence sampling in most scientific studies 
and public health contexts is conducted in such a way that 
each additional sequence sample is not an independent ob-
servation but, rather, is an observation with a high degree 
of correlation to recently collected samples (33). These 
pseudoreplicated samples should not, in principle, gener-
ate additional artificial migration events into the analysis 
because the dependency structure of the samples is entirely 
accounted for in the phylogeny. Nevertheless, a correlation 
between sample number and migration strength persists 
in the data, partially, at least, because a larger number of 
samples increases the probability that a distant recently in-
troduced lineage is sampled.
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Figure 5. Maximum clade credibility tree for regional influenza (H3N2) hemagglutinin data, generated by BEAST version 1.6.2 (26) under 
a constant population model; these are the same sequences as shown on Figure 1, except 2 sequences from Vietnam were removed 
because of missing sampling dates (n = 785 sequences). Inset on the bottom right shows a magnification of the tree for the 2007–2008 
Vietnam sequences, to highlight persistence during this time. The smaller inset above shows coalescent (coal.) times for the Vietnam 
sequences in the larger inset. The 2 x-axes on the insets coincide, and each black circle showing a coalescence time corresponds to the 
tip of a branch of Vietnam virus in the magnified-tree inset.
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New approaches are needed in order to fully account for 
all spatial, evolutionary, and epidemiologic dependencies in 
phylogeographic analyses. For recent phylogeographic stud-
ies, Bayesian approaches have been the method of choice 
(1,3,4,34–37), primarily because of their ability to account 
for uncertainty in evolutionary, demographic, and migratory 
parameters, but especially because of their ability to incor-
porate topological uncertainty into phylogenetic analyses. 
If these methods can be further developed to incorporate 
representativeness uncertainty—essentially, a prior distribu-
tion on the size of the sampling pool to account for the fact 
that some parts of the phylogeny will be oversampled while 
others will be undersampled—then this type of Bayesian 
analysis could serve as a powerful auxiliary tool in phylo-
geography, enabling us to determine whether sampling bias 
has a larger effect in some regions than others. Another role 
for Bayesian analysis of influenza sequences will be the ap-
plication of Bayesian phylogeographic methods on whole-
genome sequence data (1). For highly reassortant datasets, 
the presence of independent migration signals in 8 phylog-
enies (for the influenza virus 8 RNA segments) should act 
to reduce uncertainty for the inferred migration parameters.

We intended to elucidate the migratory pathways of 
influenza into and out of Vietnam and the likelihood of vi-
rus persistence in Vietnam. For each of these objectives, 
we recommend that future studies link phylogenetic analy-
sis with prevalence data, allowing for correction of known 
biases and providing crucial complementary epidemiologic 
evidence for migration and persistence. If the source–sink 
framework is an oversimplification of global influenza cir-
culation (3–5), Vietnam probably plays both roles on dif-
ferent occasions, given its close connections to other coun-
tries in Asia, Europe, and the United States.
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Data on influenza epidemiology in HIV-infected persons 
are limited, particularly for sub-Saharan Africa, where HIV 
infection is widespread. We tested respiratory and blood 
samples from patients with acute lower respiratory tract in-
fections hospitalized in South Africa during 2009–2011 for 
viral and pneumococcal infections. Influenza was identified 
in 9% (1,056/11,925) of patients enrolled; among influenza 
case-patients, 358 (44%) of the 819 who were tested were 
infected with HIV. Influenza-associated acute lower respi-
ratory tract infection incidence was 4–8 times greater for 
HIV-infected (186–228/100,000) than for HIV-uninfected 
persons (26–54/100,000). Furthermore, multivariable anal-
ysis showed HIV-infected patients were more likely to have 
pneumococcal co-infection; to be infected with influenza 
type B compared with type A; to be hospitalized for 2–7 
days or >7 days; and to die from their illness. These find-
ings indicate that HIV-infected persons are at greater risk 
for severe illnesses related to influenza and thus should be 
prioritized for influenza vaccination.

Knowledge is limited about influenza virus–associated 
illness and death in persons infected with HIV type 

1, particularly in sub-Saharan Africa (1,2). In 2009, South 
Africa had ≈5 million HIV-infected persons, and HIV 
prevalence among pregnant women was 29% (3,4). Influ-
enza virus circulates seasonally in South Africa, during the 
Southern Hemisphere winter (5).

Studies from the United States suggest that, in the 
absence of highly active antiretroviral therapy (HAART), 
HIV-infected adults have an increased risk of seasonal in-
fluenza hospitalization (1), death (6), and prolonged illness 
compared with the general population. This risk decreased 
following the widespread introduction of HAART (6,7). In 
2011, ≈52% of eligible HIV-infected adults in South Af-
rica were receiving HAART (8), and HAART-naive HIV-
infected children had an 8-fold greater risk for influenza-
associated pneumonia hospitalization and a trend toward 
a higher case-fatality rate (CFR) (8% vs. 2% in HIV-unin-
fected children) (2,9). Adults in South Africa with AIDS 
had similar influenza-associated death rates to those for 
adults in the United States with AIDS in the pre-HAART 
era (6). In Kenya, HIV-infected adults were at increased 
risk for influenza-associated pneumonia hospitalization 
compared with HIV-uninfected adults (10,11).

Data from low HIV prevalence countries where most 
persons evaluated had access to HAART and influenza 
antivirals suggested that HIV-infected persons were more 
likely to be hospitalized for influenza A(H1N1)pdm09 
compared with the general population, but rates of intensive 
care and death did not differ (1,12). Nevertheless, high HIV 
prevalence (53%) was observed among patients who died 
with confirmed influenza A(H1N1)pdm09 in South Africa 
(13). We investigated the incidence of hospitalization for 
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influenza-associated acute lower respiratory tract infection 
(LRTI) and the clinical course of illness in persons with and 
without HIV infection in South Africa. 

Methods

Surveillance Program
Beginning in February 2009, active, prospective, hos-

pital-based surveillance (the Severe Acute Respiratory Ill-
ness program) was implemented in 3 of the 9 provinces of 
South Africa: Chris Hani-Baragwanath Hospital (CHBH) 
in an urban area of Gauteng Province; Edendale Hospi-
tal in a peri-urban area of KwaZulu-Natal Province; and 
Matikwana and Mapulaneng Hospitals in a rural area of 
Mpumalanga Province. In June 2010, an additional sur-
veillance site was introduced at Klerksdorp and Tshepong 
Hospitals in a peri-urban area of the Northwest Province 
(online Technical Appendix Figure 1, wwwnc.cdc.gov/
EID/article/19/11/13-0546-Techapp1.pdf).

Case Definition
A case of acute LRTI was defined as a hospitalized 

person who had illness onset within 7 days of admission 
and who met age-specific clinical inclusion criteria. We in-
cluded children ages 2 days through <3 months who had 
physician-diagnosed sepsis or acute LRTI, children ages 3 
months through <5 years with physician-diagnosed LRTI 
(e.g., bronchitis, bronchiolitis, pneumonia, pleural ef-
fusion), and persons >5 years of age who met the World 
Health Organization (WHO) case definition for severe 
acute respiratory infection (14): sudden onset of fever 
(>38°C) or reported fever, cough or sore throat, and short-
ness of breath or difficulty breathing.

Study Procedures
All patients admitted during Monday through Friday 

were eligible, except for adult patients at CHBH, where en-
rollment was limited to 2 of every 5 working days (selected 
days varied systematically) per week because of large pa-
tient numbers and limited resources. The overall numbers 
of persons admissions, cases meeting study definitions, and 
persons enrolled were recorded. Study staff completed case 
report forms until discharge and collected nasopharyngeal 
and throat swabs from patients >5 years of age or nasopha-
ryngeal aspirates from patients <5 years of age and blood 
specimens from consenting patients. Hospital and intensive 
care unit admission and collection of specimens for bacte-
rial culture, tuberculosis testing, and CD4+ T-cell counts 
were performed according to attending physician discretion.

Laboratory Methods
Respiratory specimens were transported in viral 

transport medium at 4–8°C to the National Institute for 

Communicable Diseases within 72 hours of collection. 
Respiratory specimens were tested by multiplex real-time 
reverse transcription PCR for 10 respiratory viruses as 
described and included influenza A and B viruses (15). 
Influenza-positive specimens were subtyped by using 
real-time reverse transcription PCR (16). Streptococcus 
pneumoniae was identified by quantitative real-time PCR 
detecting the lytA gene from whole-blood specimens (17).

Definitions
Underlying medical conditions were defined as asth-

ma, other chronic lung disease, chronic heart disease, liver 
disease, renal disease, diabetes mellitus, immunocompro-
mising conditions excluding HIV infection, neurologic 
disease, or pregnancy. These conditions were considered 
absent if indicated as such in medical records or if there 
was no direct reference to the condition. Invasive isolates 
were defined as bacterial pathogens, excluding likely con-
taminants, isolated from blood, cerebrospinal fluid, or an-
other sterile site from a specimen taken within 48 hours of 
hospitalization. Current tuberculosis was defined patients 
who had laboratory-confirmed diagnosis of tuberculosis or 
who were receiving or initiated on anti-tuberculosis treat-
ment during the current admission.

Evaluation of HIV Serostatus
HIV infection status was determined from results of 

testing undertaken as part of standard-of-care or through 
anonymized linked dried blood spot specimen testing, by 
HIV PCR for children <18 months of age and by ELISA 
for persons >18 months of age (18). CD4+ T-cell counts 
were determined by flow cytometry (19). Patients were 
categorized into 2 immunosuppression categories (1): mild 
immunosuppression (CD4+ T-lymphocytes >200/mm3 or 
equivalent age-appropriate CD4+ percentage for children 
<5 years of age), or (2) severe immunosuppression (CD4+ 
T-lymphocytes <200/mm3 or equivalent age-appropriate 
CD4+ percentage for children <5 years of age) (20).

Calculation of Incidence
Calculation of incidence was conducted at CHBH, 

the only site for which population denominator data were 
available. This hospital is the only public hospital serv-
ing a community of ≈1.3 million black African persons 
in 2011, of whom ≈10% have private medical insurance 
(21). Most (>80%) uninsured persons and ≈10% of in-
sured persons seek care at public hospitals; consequently, 
most persons requiring hospitalization from this commu-
nity are admitted to CHBH. We estimated the incidence 
of influenza hospitalizations per 100,000 persons by using 
the number of acute LRTI hospitalizations for which the 
patient tested positive for influenza virus, adjusting for 
nonenrollment (i.e., refusal to participate, nonenrollment 
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during weekends, nonenrollment in 3 of 5 adult wards) 
by age groups and HIV status divided by the midyear 
total population estimates (22) for each year, multiplied 
by 100,000. HIV prevalence in the study population was 
estimated from the projections of the Actuarial Society 
of South Africa AIDS and Demographic model (3). We 
assumed that the HIV prevalence by age group and influ-
enza subtype among patients not tested for HIV was the 
same as that among those tested. For 14 patients for whom 
influenza A virus subtyping was not performed, we im-
puted the influenza subtype on the basis of date of speci-
men collection and circulating influenza subtypes.

CIs for incidence estimates were calculated by using 
Poisson distribution. Age-specific and overall age-adjusted 
risk of influenza hospitalization in HIV-infected and -un-
infected persons was determined by using log-binomial re-
gression. To explore the possible effect of missing data on 
estimates of HIV-specific incidence, a sensitivity analysis 
was conducted in which all cases not tested for HIV were 
assumed to be HIV uninfected.

Analysis of Risk Factors for HIV-Positive Serostatus
Univariate and multivariable analyses were performed 

in Stata version 9 (StataCorp LP, College Station, TX, 
USA). Multivariable logistic regression models were evalu-
ated starting with all variables that were significant at p<0.1 
on univariate analysis and dropping nonsignificant factors 
with stepwise backward selection. All 2-way interactions 
were evaluated. Two-sided p values <0.05 were considered 
significant. For each univariate analysis, we used all avail-
able case information. For the multivariable model, patients 
with missing data for included variables were dropped. Age 
group, duration of hospitalization, and year were defined as 
categorical variables in multiple levels. All other variables 
were defined as the presence or absence of the attribute, 
excluding missing data. To explore possible bias, patients 
tested for HIV were compared with those not tested.

Results

Demographics, Clinical Characteristics, and  
Seasonality of Influenza-associated Acute LRTI

During February 2009–December 2011, a total of 
14,725 persons who fulfilled the LRTI case definition were 
approached for study enrollment; 2,562 (17%) were not en-
rolled. The most common reasons for nonenrollment were 
study refusal (n = 779, 30%), unavailable legal guardian 
(n = 758, 30%), and patients being confused or too ill to 
consent (n = 242, 9%). Of 12,163 patients enrolled, 11,925 
(98%) were tested for influenza; 1,056 (9%) had positive 
results (online Technical Appendix Figure 2). The influ-
enza detection rate varied by age group: 7% (266/4,046) for 
those <1 year of age, 11% (252/2,292) for those 1–4 years 

of age, 12% (111/934) for those 5–24 years of age, 9% 
(270/2,930) for those 25–44 years of age, 9% (119/1,395) 
for those 45–64 years of age, and 12% (38/328) for those 
>65 years of age (p<0.001). The overall influenza detec-
tion rate was similar among HIV-infected (358/4,208 
[9%]) and HIV-uninfected (461/4,473 [10%]) persons (p = 
0.163). Most patients (8,961/12,163 [74%]) were enrolled 
at CHBH.

In 2009, influenza circulation in South Africa was 
biphasic, with a peak of influenza A(H3N2) infections 
(190/386 [49%] of annual cases), followed by a second peak 
of influenza A(H1N1)pdm2009 infections (158/386 [41%] 
of annual cases). In 2010, influenza B was the predominant 
subtype (172/289 [60%] of annual cases). In 2011, there 
were again 2 influenza peaks; influenza A(H1N1)pdm09 
predominated (152/381 [40%] of annual cases) initially, 
followed by influenza B and A(H3N2) (129/381 [34%] and 
100/381 [26%] of annual cases, respectively) (Figure 1).

Of the 1,056 patients who had positive test results 
for influenza, 819 (78%) had an available HIV infection 
status result (597 [73%] by anonymized HIV testing; 83 
[10%] tested by ward clinicians; 139 [17%] by anonymous 
and clinician testing) (online Technical Appendix Figure 
2). Age-specific HIV prevalence findings were not sub-
stantially different when only patients tested through ano-
nymized unlinked testing were included (data not shown). 
The proportion of influenza-positive patients with available 
HIV results increased during the study period, from 62% 
(239/386) in 2009 to 89% (339/381) in 2011 (p<0.001), 
and increased with increasing age, from 65% (335/518) 
among children <5 years of age to 90% (484/538) among 
persons >5 years of age (p<0.001). When we compared 
patients tested for HIV to those not tested for HIV, con-
trolling for year of test and age group, no differences in 
patient epidemiologic characteristics or CFRs were seen 
(data not shown). The proportion of patients tested for 
HIV and the HIV prevalence among tested patients did 
not differ between surveillance sites (data not shown). The 
overall HIV prevalence among influenza-positive case-
patients was 44% (358/819) and varied by age group: 10% 
(16/164) for those <1 year of age, 17% (29/171) for those 
1–4 years of age, 46% (38/82) for those 5–24 years of age, 
84% (212/251) for those 25–44 years of age, 54% (61/113) 
for those 45–64 years of age, and 5% (2/38) for those >65 
years of age (p<0.001).

Among patients who had positive influenza test re-
sults, 10% (106/1,056) had tuberculosis co-infection, 
7% (63/889) had pneumococcal co-infection, and 7% 
(78/1,056) had another underlying medical condition. 
Among 106 patients classified as having tuberculosis, 
only 31 (29%) were laboratory confirmed. Three pregnant 
women identified in this surveillance tested influenza posi-
tive; all were HIV infected. No influenza-positive patient 
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reported receiving influenza vaccine or oseltamivir treat-
ment. Forty-eight HIV-infected and 116 HIV-uninfected 
patients with influenza had sterile site specimens submitted 
for bacterial culture; test results were positive for 3 HIV-
infected patients (2 S. pneumoniae and 1 Haemophilus in-
fluenzae) and 2 HIV-uninfected patients (1 Neisseria men-
ingitidis and 1 S. pneumoniae).

Incidence of Influenza Hospitalization in HIV-Infected 
and -Uninfected Patients

The incidence of hospitalization for influenza-asso-
ciated acute LRTI among patients at CHBH was highest 
for patients ages 0–4 years in all study years and for all 
influenza subtypes, with the highest incidence for those 
<1 year of age (Table 1; Figure 2). Smaller peaks in inci-
dence were observed in the adult (25–54 years) and elderly  

(>65 years) age groups each year (Figure 2). HIV-infected 
persons experienced a 4–8 times greater incidence of in-
fluenza-associated acute LRTI (age-adjusted relative risk 
[aRR] 4.2 [95% CI 3.6–4.8] in 2009, aRR 7.5 [95% CI 
6.4–8.8] in 2010, and aRR 5.5 [4.7–6.3] in 2011) (Table 
1). The incidence of hospitalization among HIV-infected 
persons compared with HIV-uninfected persons was 3–5 
times greater for influenza A(H3N2) (aRR 3.3 [95% CI 
2.7–4.0] in 2009 and aRR 4.9 [3.5–6.5] in 2011), 4–6 times 
greater for influenza A(H1N1)pdm09 (aRR 4.4 [95% CI 
3.6–5.4] in 2009 and 5.6 [95% CI 4.4–7.1] in 2011), and 9 
times greater for influenza B [aRR 8.7 (13.2–38.5] in 2010 
and 8.7 [4.4–7.2] in 2011) (online Technical Appendix 
Table 1). The relative risk for hospitalization for influenza-
associated acute LRTI among HIV-infected persons was 
elevated in all age groups (generally highest in age group 

	 Emerging Infectious Diseases • www.cdc.gov/eid • Vol. 19, No. 11, November 2013	 1769

Figure 1. Number of patients testing influenza positive by subtype and influenza detection rate by epidemiologic week and year among 
patients with hospitalized pneumonia at 4 sentinel surveillance sites, South Africa, 2009–2011.

Figure 2. Incidence of 
laboratory-confirmed influenza-
associated lower respiratory 
tract infection hospitalization, 
per 100,000 population, by 
year and age group, at Chris 
Hani-Baragwanath Hospital, 
South Africa, 2009–2011. Error 
bars indicate 95% CIs.
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25–44 years) and for all influenza subtypes; however, this 
difference was not statistically significant for children 0–4 
years of age in some analyses (Table 1; online Technical 
Appendix Table). On sensitivity analysis, assuming that all 
patients not tested for HIV were HIV negative, the trend 
toward a higher incidence of influenza in HIV-infected per-
sons remained in all age groups and subtypes except among 
those 0–4 years of age, the group that had the lowest pro-
portion of patients tested for HIV.

Characteristics of HIV-Infected Patients and Factors 
Associated with HIV Infection among Influenza  
Virus–Positive Patients

Among influenza virus–positive case-patients, the 
CFR was 4 times greater for HIV-infected (19/356, 5%) 
than for HIV-uninfected (6/461, 1%) persons (p = 0.002). 
In each age group except for the elderly, CFRs were sig-
nificantly higher for HIV-infected compared with HIV-un-
infected persons: 7% (36/509) vs. 1% (34/3,630) for ages 
0–4 years (relative risk [RR] 7.6, 95% CI 4.7–12.1); 6% 
(28/433) vs. 1% (3/298) for ages 5–24 years (RR 6.4, 95% 
CI 2.0–21.1); 7% (164/2,381) vs. 3% (8/308) for ages 25–
44 years (RR 2.7, 95% CI 1.3–5.4); 12% (100/833) vs. 7% 
(34/456) for ages 45–64 years (RR 1.6, 95% CI 1.1–2.4); 
and 4% (2/50) vs. 9% (23/246) for age >65 years (RR 0.4, 
95% CI 0.1–1.8).

Results from multivariable analysis indicate that, 
among patients with influenza-associated hospitalization, 
those with HIV infection (compared with those without 
HIV infection) were more likely to be age group 5–24 years 
(odds ratio [OR] 4.4, 95% CI 2.4–8.2), 25–44 years (OR 
24.2, 95% CI 14.1–41.7), or 45–64 years (OR 6.2, 95% 

CI 3.4–11.3); female sex (OR 1.9, 95% CI 1.2–2.8); black 
African race (OR 4.0, 95% CI 1.1–14.6); co-infected with 
pneumococcus (OR 2.3, 95% CI 1.0–5.0); infected with in-
fluenza type B (vs. type A) (OR 1.6 95% CI 1.0–2.4); hos-
pitalized for 2–7 days (OR 2.8 95% CI 1.5–5.5) or >7 days 
(OR 4.5, 95% CI 2.1–9.5); and more likely to die (OR 3.9, 
95% CI 1.1–14.1) (Table 2). In contrast, those with HIV 
infection were less likely than those without HIV infection 
to have underlying medical conditions other than HIV (OR 
0.4, 95% CI 0.2–0.8).

A total of 118 (33%) HIV-infected patients had avail-
able CD4+ T-cell count data; 7 were <5 years of age. Most 
(60%, 70/118) had severe immunosuppression (CD4+ T 
cell counts <200/mm3 or age-specific equivalent). CFRs 
were not significantly different between patients with 
(13%, 9/70) and without (6%, 3/47; p = 0.258) severe im-
munosuppression, although numbers were small. The du-
ration of hospitalization was longer for those with severe 
immunosuppression (median 7 days, interquartile range 
2–11 days) than for those without (median 5 days, inter-
quartile range 1–7 days; p = 0.02). Of those with available 
data, 51% (111/218) reported currently receiving HAART 
and 25% (60/241) reported receiving prophylaxis with tri-
methoprim/sulfamethoxazole. CFRs were similar for pa-
tients receiving (7/113, 6%) and not receiving (8/107, 7%) 
HAART (p = 0.706).

Discussion
We have shown that HIV-infected persons experi-

enced elevated incidence of hospitalization, prolonged 
hospitalization, and increased risk of in-hospital death re-
sulting from influenza. In contrast to most other countries 
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Table 1. Incidence of laboratory-confirmed influenza-associated lower respiratory tract infection hospitalizations per 100,000 
population by year and HIV status at Chris Hani-Baragwanath Hospital, South Africa* 
Year and 
patient age 
range, y 

No. HIV-
positive/no. 
tested (%) 

% HIV 
prevalence 

Incidence rate (95% CI)  Relative risk (95% CI) 

All patients 
HIV infected 

patients 
HIV uninfected 

patients 
HIV infected vs. 

uninfected 
Sensitivity 
analysis† 

2009         
 0–4 103/188 (55) 11 336 (304–370) 766 (553–1,021) 314 (284–349)  2.4 (1.7–3.3) 1.3 (0.8–1.9) 
 5–24 18/29 (62) 39 27 (23–33) 194 (142–261) 17 (14–22)  11.0 (7.4–16.1) 5.5 (3.5–8.5) 
 25–44 41/44 (93) 88 59 (52–67) 198 (173–227) 9 (7–14)  20.3 (13.8–31.3) 12.7 (9–17.9) 
 ≥45 27/27 (100) 41 67 (57–78) 260 (201–331) 44 (36–54)  5.9 (4.2–8.2) 5.9 (4.2–8.2) 
 Total 189/288 (66) 34 78 (73–83) 228 (206–254) 54 (50–60)  4.2 (3.6–4.8)‡ 3.3 (2.9–3.8)‡ 
2010         
 0–4 54/84 (64) 9 153 (131–177) 317 (187–514) 145 (124–170)  2.2 (1.3–3.6) 1.4 (0.7–2.5) 
 5–24 15/22 (68) 33 14 (11–18) 89 (57–135) 10 (7–13)  8.8 (5.2–15.2) 5.2 (2.8–9.5) 
 25–44 73/78 (94) 89 60 (53–68) 203 (178–231) 9 (6–13)  22.9 (15.4–34.7) 14.1 (10.1–19.8) 
 ≥45 38–39 (97) 55 47 (40–56) 243 (191–307) 24 (18–31)  10.3 (7.2–14.8) 9.7 (6.8–13.9) 
 Total 180/223 (81) 53 49 (45–53) 197 (176–219) 26 (23–29)  7.5 (6.4–8.8)‡ 6.2 (5.3–7.3)‡ 
2011         
 0–4 81/96 (84) 6 186 (162–212) 273 (151–463) 182 (159–209)  1.5 (0.8–2.6) 1.3 (0.6–2.3) 
 5–24 13/13 (100) 46 8 (6–11) 71 (42–111) 5 (3–7)  15.4 (7.7–30.3) 15.4 (7.7–30.3) 
 25–44 88/89 (99) 80 68 (61–76) 206 (180–234) 19 (15–24)  10.9 (8.2–14.7) 10.4 (7.9–14) 
 ≥45 42/43 (98) 38 56 (48–65) 192 (146–247) 39 (32–48)  4.9 (3.5–6.9) 4.8 (3.4–6.7) 
 Total 224/241 (93) 43 54 (50–58) 186 (167–207) 34 (31–37)  5.5 (4.7–6.3)‡ 5.3 (4.6–6.2)‡ 
*Boldface indicates significance. 
†Assuming that all patients not tested for HIV are HIV negative. 
‡Age-adjusted. 
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(12), HIV infection (>40%) was the most common under-
lying risk factor for influenza-associated LRTI hospitaliza-
tion in South Africa. This factor resulted in a W-shaped 
age-distribution of influenza hospitalizations, with peaks 
among young children and the elderly and an additional 
peak among young adults associated with HIV infection. 
These findings highlight the need to target HIV-infected 
persons for influenza vaccination.

Bacterial co-infections may have contributed to some 
of the influenza-associated LRTI hospitalizations and deaths 
in the HIV-infected group, among whom we observed an 

elevated risk of pneumococcal co-infection. An elevated 
risk of hospitalization for invasive pneumococcal disease 
has been documented in HIV-infected persons (23), and a 
synergistic relationship exists between influenza and pneu-
mococcus (24,25). Whereas real-time PCR is more sensitive 
than blood culture for diagnosing pneumococcal pneumo-
nia, additional cases of pneumococcal co-infection may still 
have been missed (23,26). Pneumococcal DNA in the blood 
may reflect occult bacteremia in some persons (27,28).

HIV-infected persons with influenza-associated acute 
LRTI were more likely to have underlying tuberculosis,  
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Table 2. Comparison of the clinical and epidemiologic characteristics of HIV-infected and uninfected patients hospitalized with 
influenza-associated acute LRTI at 4 sentinel surveillance sites, South Africa 2009–2011* 

Characteristic 
HIV-infected 

patients† 
HIV-uninfected 

patients† 
Univariate analysis 

 
Multivariable analysis 

OR (95% CI) p value OR (95% CI) p value 
Patient demographics        
 Age group, y    <0.001   <0.001 
  <5 45/358 (13) 290/461 (63) Referent   Referent  
  5–24 38/358 (11) 44/461 (10) 5.6 (3.3–9.5)   4.4 (2.4–8.2)  
  25–44 212/358 (59) 39/461 (8) 35.0 (22.0–55.7)   24.2 (14.1–41.7)  
  45–64 61/358 (17) 52/461 (11) 7.6 (4.7–12.3)   6.2 (3.4–11.3)  
  >65 2/358 (1) 36/461 (8) 0.4 (0.1–1.5)   0.2 (0.04–0.9)  
 Female sex 253/358 (71) 224/461 (49) 2.5 (1.9–3.4) <0.001  1.9 (1.2–2.8) 0.003 
 Black African race 353/358 (99) 445/460 (97) 2.4 (0.9–6.6) 0.096  4.0 (1.1–14.6) 0.036 
Year of hospitalization    0.002    
 2009 88/358 (25) 151/461 (33) Referent     
 2010 127/358 (35) 114/461 (25) 1.9 (1.3–2.8)     
 2011 143/358 (40) 196/461 (43) 1.3 (0.9–1.8)     
Co-infections and underlying medical conditions       
 Underlying condition excluding  
 tuberculosis and HIV‡ 

25/358 (7) 47/461 (10) 0.7 (0.4–1.1) 0.109  0.4 (0.2–0.8) 0.008 

 Smoking§ 32/299 (11) 24/151 (16) 0.6 (0.4–1.1) 0.117    
 Consumed alcohol§ 28/299 (9) 26/151 (17) 0.5 (0.3–0.9) 0.017    
 Underlying tuberculosis 60/357 (17) 19/461 (4) 4.7 (2.7–8.0) <0.001    
 Pneumococcal co-infection on PCR¶ 37/345 (11) 17/389 (4) 2.7 (1.5–5.0) <0.001  2.3 (1.0–5.0) 0.043 
 Viral respiratory co-infection# 82/358 (23) 152/456 (33) 0.6 (0.4–0.8) 0.001    
 Influenza type B (vs. A) 148/358 (41) 133/461 (29) 1.7 (1.3–2.3) <0.001  1.6 (1.0–2.4) 0.035 
 Received >2 doses of pneumococcal  
 conjugate vaccine** 

3/39 (8) 53/242 (22) 0.3 (0.1–1.0) 0.051    

Clinical findings and treatment course        
 Symptoms >2 d before admission 296/358 (83) 295/461 (64) 2.7 (1.9–3.7) <0.001    
 Admission to intensive care 0/357 (0) 6/461 (1) Undefined 0.031    
 Mechanical ventilation 2/357 (1) 4/461 (1) 0.6 (0.1–3.5) 0.612    
 Oxygen required 142/357 (40) 141/461 (31) 1.5 (1.1–2.0) 0.006    
 Antimicrobial drugs prescribed at  
 admission 

351/358 (98) 438/460 (95) 2.5 (1.1–6.0) 0.036    

 Duration of hospitalization, d    <0.001   <0.001 
  <2 20/352 (6) 149/460 (32) Referent   Referent  
  2–7 217/352 (62) 241/460 (52) 6.7 (4.1–11.1)   2.8 (1.5–5.5)  
  >7 115/352 (33) 70/460 (15) 12.2 (7.0–21.3)   4.5 (2.1–9.5)  
 Median duration of hospitalization, d  
 (range) 

6 (4–8) 3 (1–6) 1.1 (1.05–1.13) <0.001    

 Case-fatality rate 19/356 (5) 6/461 (1) 4.3 (1.7–10.8) 0.002  3.9 (1.1–14.1) 0.038 
*ORs and p values are shown for all variables included in the multivariable model. LRTI, lower respiratory tract infection; OR, odds ratio. 
†Values are no. patients/total no. in category (%) except as indicated. Some data are missing or were not recorded. 
‡Asthma, other chronic lung disease, chronic heart disease (valvular heart disease, coronary artery disease, or heart failure excluding hypertension), liver 
disease (cirrhosis or liver failure), renal disease (nephrotic syndrome, chronic renal failure), diabetes mellitis, immunocompromising conditions excluding 
HIV infection (organ transplant, immunosuppressive therapy, immunoglobulin deficiency, malignancy), neurologic disease (cerebrovascular accident, 
spinal cord injury, seizures, neuromuscular conditions) or pregnancy. Coexisting illnesses were considered absent in cases for which the medical records 
stated that the patient had no underlying medical condition or when there was no direct reference to that condition. 
§Question asked of patients >12 y of age only. 
¶Three additional cases of Streptococcus pneumoniae on blood culture not included 
#Co-infection with influenza and >1 of the following: parainfluenza virus 1, 2, or 3; respiratory syncytial virus; enterovirus; human metapneumovirus; 
adenovirus; rhinovirus. 
**Verified only for children <5 y of age. 
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although not all tuberculosis cases were laboratory-con-
firmed. Tuberculosis was also common in a South Afri-
can case-series of influenza A(H1N1)pdm09 deaths (13).  
An association between tuberculosis and influenza-associ-
ated death has been suggested (11,29) but warrants further 
corroboration.

The observed prevalence of underlying medical condi-
tions was lower for HIV-infected (7%) than HIV-uninfected 
persons (10%) and lower than has been observed in the Unit-
ed States, where 68% of HIV-infected and 74% of hospital-
ized HIV-uninfected adults had influenza A(H1N1)pdm09 
(12). This discrepancy could be because our documentation 
was incomplete or may reflect a true difference in the rela-
tive contribution of underlying risk conditions in our setting.

The increased risk for hospitalization for influenza-
associated acute LRTI among HIV-infected persons ap-
peared to be greater for influenza B (≈8-fold) than influenza 
A (≈3–4-fold). Reasons for this are unclear. Influenza B 
severity is intermediate, falling between those for influenza 
A(H3N2) and A(H1N1). Bacterial superinfection may con-
tribute to death in patients (particularly adults) with influ-
enza B, and severe and fatal disease due to influenza B has 
been described in previously healthy persons (30).

Influenza vaccination is safe and efficacious in HIV-infect-
ed adults in Africa (31,32), whereas the efficacy among HIV-
infected children is unclear (33). No patients reported receiving 
influenza vaccination or antiviral treatment, despite national 
recommendations for influenza vaccination of risk groups and 
for antiviral treatment for influenza infection in persons with 
severe illness or underlying risk conditions (34). Influenza vac-
cine (170,000–1,000,000 doses for a population of ≈50 million 
each year) and oseltamivir treatment are made available free 
of charge through the public health sector in South Africa, al-
though challenges in procurement and distribution may limit ac-
cess. The low uptake of oseltamivir may be because clinicians 
doubt its effectiveness when patients delay seeking health care; 
>80% of HIV-infected persons reported symptoms for >48 
hours before admission. The effectiveness of antiviral treatment 
for influenza- associated LRTI hospitalization in settings similar 
to ours needs to be evaluated. An additional contributing factor 
to the low use of oseltamivir could be a low index of suspicion 
for influenza as an etiologic agent in HIV-infected persons with 
LRTI, because they are also at risk for respiratory disease from 
other pathogens, such as pneumococcus, Pneumocystis jirove-
cii, and tuberculosis (12). Maternal immunization against influ-
enza has been suggested as a strategy to reduce the high rates of 
influenza infection among infants <6 months of age (35), but the 
effectiveness of this intervention in settings with a high preva-
lence of maternal HIV infection is unknown. 

Our study has several limitations. The low rate of HIV 
testing among children may have introduced bias if their 
characteristics differed from those who were tested. Sur-
veillance programs such as ours may underestimate the true 

number of deaths because severely ill patients may be less 
amenable to study inclusion or may die before or shortly 
after hospital admission. Our estimates of incidence also 
assumed that all persons in Soweto access care at CHBH 
hospital. Therefore, our estimates likely represent mini-
mum rates. Nevertheless, the estimates of relative risk by 
HIV status should be robust, unless patients had differen-
tial access to care by HIV-infection status (12). Incidence 
data were derived from a temperate urban area and may 
not be representative of more subtropical rural areas, but 
incidence among HIV-uninfected persons was similar to 
that described for other developing countries (36,37). This 
analysis included the years after the introduction of influ-
enza A(H1N1)pdm09, and thus we cannot comment on 
age-specific influenza incidence before this period. Several 
studies have suggested that pregnancy is a major risk factor 
for severe disease and death associated with influenza virus 
infection (38,39). Few pregnant women were enrolled in 
our study; these patients may have been missed because 
review of admissions to maternity wards was not always 
consistent. The case definition of physician-diagnosed 
acute LRTI in children ages 3 months–<5 years relied on 
subjective clinician assessment and did not include fever as 
a criterion because acute LRTI may be afebrile and fever 
reporting may be subjective in this age group. CD4+ cell 
count data were only available for one third of HIV-infect-
ed patients, and CD4+ cell counts among tested patients 
may have differed from those in untested patients.

In conclusion, we have demonstrated that, in a high 
HIV-prevalence setting, HIV infection is a major risk fac-
tor for influenza hospitalization and severe disease. Fur-
ther studies are warranted on the effectiveness of influenza 
vaccine among HIV-infected children and HIV-infected 
adults with advanced immunosuppression or tuberculosis 
co-infection. 
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This study aimed to compare the epidemiology of Rick-
ettsia felis infection and malaria in France, North Africa, and 
sub-Saharan Africa and to identify a common vector. Blood 
specimens from 3,122 febrile patients and from 500 nonfe-
brile persons were analyzed for R. felis and Plasmodium 
spp. We observed a significant linear trend (p<0.0001) of 
increasing risk for R. felis infection. The risks were lowest in 
France, Tunisia, and Algeria (1%), and highest in rural Sen-
egal (15%). Co-infections with R. felis and Plasmodium spp. 
and occurrences of R. felis relapses or reinfections were 
identified. This study demonstrates a correlation between 
malaria and R. felis infection regarding geographic distribu-
tion, seasonality, asymptomatic infections, and a potential 
vector. R. felis infection should be suspected in these geo-
graphical areas where malaria is endemic. Doxycycline che-
moprophylaxis against malaria in travelers to sub-Saharan 
Africa also protects against rickettsioses; thus, empirical 
treatment strategies for febrile illness for travelers and resi-
dents in sub-Saharan Africa may require reevaluation. 

Investigations examining the etiologic spectrum of fever 
of unknown origin in Africa rapidly progressed during 

2008–2011 (1–3), providing increased knowledge about 
bacterial infections. Bacterial agents that have been most 
frequently identified in North and sub-Saharan Africa by 
culture are non-typhoidal Salmonella, Streptococcus pneu-
moniae, Staphylococcus aureus, Escherichia coli, and My-
cobacterium tuberculosis (2). Several studies have assessed 
the effect of fastidious bacterial infections in systemic fe-
brile illness, including Rickettsia felis (4–6), Coxiella bur-
netii (7), Tropheryma whipplei (3), and Borrelia spp. (1,8). 
Tourism, immigration, international business travel, inter-
national aid work, and the deployment of troops overseas 
were documented as contributors to a tremendous increase 
in international travel during 1996–2004 (9). International 
tourist arrivals reached 940 million worldwide during 2010, 
an increase of 6.6% over 2009, and the current total number 
of international migrants has increased to an estimated 214 
million persons in 2012 (10). Consequently, physicians in 
the Western hemisphere increasingly encounter febrile pa-
tients returning from international travel who were exposed 
to tropical infections that the physicians are unfamiliar with 
(9,10). Among international travelers, malaria, dengue, and 
rickettsiosis are among the most identified etiologies of fe-
brile illness, and exposure to mosquitoes is reported as the 
most common source of fever (11).

Rickettsia felis, an obligate intracellular Gram-neg-
ative bacterium belonging to the spotted fever group of 
Rickettsia, has been shown to be a common agent of blood-
stream infections in among humans Senegal and Kenya, 
identified in 7% of the population evaluated (4–6). How-
ever, the epidemiology (including vectors and reservoirs) 
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and clinical picture of this emerging infection in the rest of 
Africa is largely unknown (12,13). During 2011, a possibly 
primary infection with R. felis, named “yaaf,” was hypoth-
esized in the case of an 8-month-old girl in Senegal with 
polymorphous skin lesions (12). 

The considerable frequency of R. felis infections ob-
served in febrile patients in malaria-endemic regions and 
the many relapses previously reported (4,5) led us to in-
vestigate the possible correlation of R. felis and that of the 
parasite, Plasmodium falciparum, a known vector of malar-
ia. The reservoirs for malaria and many rickettsial species 
are mammals, including humans; humans have long been 
known to be a reservoir for malaria, and were documented 
as the reservoir for R. prowazekii, the agent of epidemic 
typhus (14). Vectors for both organisms are arthropods: for 
rickettsial diseases vectors are typically ticks, lice or mites, 
and infected humans are susceptible to relapse (such as epi-
demic and scrub typhus) (14).

The vectors for malaria are mosquitoes of the genus 
Anopheles that breed in warm and humid areas (15). Ma-
laria is particularly common among young patients, be-
cause progressive immunity develops following multiple 
infections as the child grows older. Great apes in Cam-
eroon were recently identified as targets or possibly the 
origin of malaria (16). R. felis has recently been detected 
in Anopheles gambiae mosquitoes in molecular form S, in 
Aedes albopictus mosquitoes, and in gorilla fecal samples 
(17–19). These elements suggest comparable features 
within the epidemiologic cycles of malaria and R. felis 
infection. In addition, co-infections by R. felis and P. fal-
ciparum have been reported in Kenya (5). To prove the 
hypothesis of the similar epidemiology of malaria and 
R. felis infection, target populations, clinical phenomena 
(relapses and bacteremia in apparently asymptomatic pa-
tients), and geographic and seasonal distribution should 
be compared. The objective of this work is to clarify the 
epidemiology of R. felis infection and to compare it with 
malarial epidemiology.

Materials and Methods

Study Areas and Participants

Febrile Patients
During June 2010‒March 2012, a cohort of 2,075 pa-

tients (67% <15 years of age; sex ratio, 1:1) from 14 health 
centers distributed throughout rural Senegal (Senegal study 
sites S1-S6) were enrolled in this study. The study sites spanned 
various ecosystems, from dry regions in the north (Dielmo, 
Senegal study region 1,–S1, Ndiop-S2, Keur Momar Sarr–
S3, and Niakhar-S4) to humid regions in the south (Basse- 
Casamance-S5 and Kedougou-S6) that had a rainy season dur-
ing June through October (online Technical Appendix Table, 

wwwnc.cdc.gov/EID/article/19/11/13-0361-Techapp1.
pdf; Table). In addition, patients from various medical fa-
cilities were included: 100 from rural Mali dispensaries: 
Diankabou-Mali study site M1 and Kole-Mali study site 
M2; 50 from Franceville, in urban Gabon (pediatric consul-
tation); 183 from Sfax, Tunisia (infectious diseases and pe-
diatric departments); 266 from Oran, Algeria (department 
of infectious diseases); 48 from the Kenitra region, rural 
Morocco (dispensaries); and 400 from Marseille, France 
(hospital emergency units) (Figure 1). Questionnaires and 
informed consent forms were completed upon enrollment 
in the study. For each febrile patient (axillary temperature 
>37.5°C), an interview was conducted, a blood sample 
(200 µl blood containing EDTA) was collected, and a med-
ical examination was performed. The national ethics com-
mittees of Senegal, Gabon, and France approved this proj-
ect (No. 0–00.87MSP/DS/CNERS and No. 001380MSP/ 
DS/CNERS). 

Control Group
Samples were obtained from 400 afebrile persons 

(62% >15 years of age) from S1–2 who participated in a 
longitudinal study of malaria (20) and 100 persons from 
France who were under the medical care of 1 of the authors 
(D.R.) for conditions other than malaria.

Arthropod Collection in Senegal
Arthropod specimens collected in Senegal consisted 

of 949 adult mosquitoes from 3 locations (Table 1, 154 
mosquito larvae from Mariste, Dakar, 370 ticks from 2 
locations, 160 adult bed bugs from 6 locations, and 384 
midges from 2 locations. The Anopheles arabiensis mos-
quito larvae were collected from breeding sites in Mariste, 
Dakar. The pooled larvae were maintained under labora-
tory conditions until they grew to the adult stage. In sites 
S1–2, 144 adult ticks (2 Rhipicephalus spp., 4 Argas per-
sicus, and 138 Ornithodoros sonrai) from 55 burrows 
inside of 16 human dwellings were collected. A total of 
226 Ornithodoros capensis ticks were manually collected 
from the nests of great cormorants (Phalacrocorax carbo) 
in Sarpan Island (îles de la Madeleine) near Dakar. Bed 
bugs were manually captured from the beds of ill persons.  
The collection of Culicoides spp. was performed in S1–2 
by using overnight posed CDC light traps with 0.7-mm 
mesh size. The arthropods were identified at the species 
level by using morphological characteristics according to 
identification keys.

Molecular Analysis
DNA was extracted by using the 2-stage protocol for 

a QIAamp kit (QIAGEN, Hilden, Germany) for the S4–6 
groups (3,4,7), and a Biorobot EZ1 Workstation (QIA-
GEN, Courtaboeuf, France) was used to extract DNA from 
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samples from S1–2, Algeria, Tunisia, Morocco, and France. 
In Gabon, the DNA Blood Omega Bio-tek-E.Z.N.A meth-
od (Omega Bio-tek, Norcross, GA, USA) was used accord-
ing to the manufacturer’s protocol. For all locations, DNA 
was eluted in 100 µL of elution buffer, and 5 µL was used 
per reaction.

Quantitative real-time reverse transcription PCR 
(qRT-PCR) was performed by using a 7900HT-thermo-
cycler (Applied Biosystems) with the QuantiTect-Probe 
PCR Kit (QIAGEN, Courtabeuf, France). Only samples 
positive for the β-actin gene product were considered 
reliable (3); thus, 51 and 9 samples from Senegal and 
Algeria, respectively, were excluded. All samples were 
screened by using a Rickettsia genus-specific qRT-PCR  
targeting the gltA gene and an R. felis-specific qRT-PCR  
targeting the bioB gene (4). The positive samples were 
tested by a second R. felis-specific qRT-PCR  targeting 
the orfB gene (18). A sample was considered positive 
when the qRT-PCRs were positive for the 2 different spe-
cific genes. Positive samples from arthropods were fur-
ther tested for plasmid pRFδ (21) and by a newly designed 
R. felis-specific qRT-PCR  targeting the vapB1 gene with 
the primers VapB1.R (5′-AGGCGAAAGCTTTGAC-
GTG-3′) and VapB1.F (5′-TGTCTTTCATGAATT-
GATCAGCA-3′) and the probe VapB1.P (6-FAM-5′-
AAGGCTTGGTTTCTGCGGGC-3′TAMRA).

Blood smears stained with Giemsa were examined for 
the samples collected in Gabon. All other samples were 
tested by using a Plasmodium-genus specific qRT-PCR  tar-
geting the Cox-1 gene found in all Plasmodium species; the 

primers Psp_15.F (5′-AGGAACTCGACTGGCCTACA-3′) 
and Psp_16.R (5′-CCAGCGACAGCGGTTATACT-3′) and 
the (6FAM-5′-CGAACGCTTTTAACGCCTGACATGG-
3′TAMRA) probe were used. The positive samples were 
subsequently tested by Plasmodium-genus specific qRT-
PCR targeting 18S rRNA with the primers Plasmo_18S_2_
MBF (5′-AGGCAACAACAGGTCTGTGA-3′) and 
Plasmo_18S_2_MBR (5′-GCAATAATCTATCCCCAT-
CACG-3′) and the (6FAM-5′- GAACTAGGCTGCACGC-
GTGCTACA-TAMRA-3′) probe.

Statistical Analysis
Statistical analyses were performed by using the Stat-

calc module of Epi Info 3.5.3 (Centers for Disease Con-
trol and Prevention, Atlanta, GA, USA) to calculate the 
χ2 values for the incidence rate trends calculated for each 
country. PASW Statistics software 17.0 (IBM, SPSS Inc., 
Armonk, NY, USA) was used to perform Pearson correla-
tion analyses. The relative risk (RR) and the 95% CI of the 
risk were calculated by using either the Mantel-Haenszel 
χ2 test or Fisher’s exact test. The statistical significance of 
the χ2 values was evaluated at α = 0.05. The attack rates 
of R. felis infection and malaria were calculated for each 
country, site, sex, and age range. In contrast, the incidence 
rates of R. felis infection and malaria for S1–2 were calcu-
lated monthly and yearly from June 13, 2010 through Oc-
tober 13, 2011. The data from a study performed in 2009 
(4) were combined with those of this study to determine 
the frequency of relapses or re-infections of R. felis infec-
tions in S1–2.
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Figure 1. Prevalence of 
Rickettsia felis infection (A) 
and Plasmodium spp. infection 
(malaria) (B) in febrile patients 
in Gabon, Senegal, Mali, 
Algeria, Morocco, Tunisia, and 
France, June 2010–April 2012.
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Results

Rickettsia felis Detection

Senegal
The attack rate of R. felis infections in febrile pa-

tients was 15% (312/2,024); those infections occurred pri-
marily during the rainy season rather than the dry season 
(207/1,105 vs. 105/916, respectively; p<0.0001). The risk 
of developing R. felis infection was 1.6× higher during the 
rainy period (95% CI 1.3–2) than during the dry period. 
When calculated by site, substantial differences in the rates 
of R. felis infection were observed (Table 2). The highest 
attack rates were observed in S5–6, reaching 40% (92/231) 
from August‒October 2011. The lowest attack rate was ob-
served in S1–2 (7%–8%) and was significantly lower than 
that observed at the 4 other sites S3–6 (p>0.001) (Table 2).

Incidence rates were obtained from 2 health centers 
(Figure 2). In 2011, the incidence rate of R. felis in S1 was 
6.7 (4.8–9.0) per 100 person-years or 0.55 (0.39–0.76) 
per 100 person-months; the incidence rate in S2 was 3.1 
(1.8–4.9) per 100 person-years or 0.26 (0.15–0.41) per 100 
person-months during the same period. In S1–2, a significant 
difference was found between the incidence of R. felis for 
patients <15 years of age, which was 0.23 (0.16–0.31) per 
100 person-months, and the incidence in patients >15 years 
of age, which was 0.10 (0.06–0.15) per 100 person-months 

(relative risk [RR] 2.38, 95% CI 1.34–4.28, p = 0.003). 
When the incidence rates by age group were calculated ac-
cording to sex, a significant difference was observed only 
in the male group, in which the incidence rate was signifi-
cantly higher in the patients <15 years of age than in the 
patients >15 years of age (0.29 vs. 0.07 per 100 person-
months, RR 5.97, 95% CI 2.28–17.15, p = 0.001).

Table 3 shows the age distribution of R. felis infection. 
The occurrence of R. felis infection was significantly lower in 
patients 1–3 years of age (10%) than in patients >4 years of 
age (p = 0.03 for patients 4‒6 years of age (15%); p = 0.003 
for patients 7‒15 years of age (16%); p = 0.004 for patients 
16 to 29 years of age (16%); p = 0.002 for those >30 years of 
age (17%). The sex ratio for R. felis was 145M/162F (1:1.1). 
No deaths associated with R. felis infection were registered.

Combining these data with our preliminary report of 8 in-
fected patients during 2008–2009 in S1–2 (4), we identified 61 
patients with R. felis infections among a total of 456 villagers 
tested in S1–2. A second R. felis infection was diagnosed in 5 
patients after 44 to 911 days, and 1 patient was positive for R. 
felis infection a second and third time at days 378 and 441, re-
spectively. The 6 patients (4 male, 2 female) who had relapses 
or re-infections were from S1, and 5 were <6 years of age.

Other Countries
 Samples from 3 patients (3%, 3/100) in rural Mali 

(M1, 1/50; M2, 2/50), 5 patients (10%, 5/50) in urban 
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Table 1. Detection of Rickettsia felis DNA in mosquitoes, Senegal, March 2010–September 2012 
Geographic 
location in Senegal 

Period of 
collection Collection method 

Mosquito species, 
morphological identification 

DNA 
samples Rickettsia felis detection (%) 

Ferlo, 15°52′N, 
15°15W 

Mar 2010 CDC type light trap 
collections* 

Aedes luteocephalus 203 1 (<1) 
Culex quinquefasciatus 186 0/186 

Dakar, 14°41′N, 
17°26W 

Dec 2011 Immature stages-lab 
conditions 

Anopheles arabiensis 154 † 2 (<1)‡ 

Dielmo, 13°43′N, 
16°24′W 

Jul 2012 Human landing catches An. arabiensis 8 0 
An. welcomei 6 0 

Mansonia uniformis 6 0 
 C. quinquefasciatus 4 0 

 
 

Sep 2012 Pyrethrum spray catches An. ziemanni 7 1 (14) 
An. pharoensis 10 1 (10) 

 
 

M. uniformis 8 2 (25) 
An. welcomei 8 0 
An. funestus 7 2 (29) 

Elinkine, 12°30′N 
16°39′W 
 

Sep 2012 CDC-type light trap 
collections 

An. gambiae 50 0 
Culex sp. 10 0 

Pyrethrum spray catches Culex sp. 10 0 
Human landing catches An. gambiae 290 0 

An. squamosus 27 0 
An. ziemanni 31 0 

Culex sp. 35 0 
Aedes sp. 23 0 

Mansonia sp. 20 0 
 Total 1,103 9 (<1) 
*Manufactured by John W. Hock Company, Gainesville, FL, USA. 
†Including 20 male mosquitoes.  
‡R. felis DNA was detected in 1 male mosquito.   

 



R. felis Infection and Malaria, Africa

Gabon, 1 patient (2%, 1/48) in rural Morocco, and 2 
patients (1%, 2/257) in Algeria were positive for R. 
felis (Table 2). Conversely, R. felis DNA was not de-
tected among the samples from febrile persons in France  
and Tunisia.

When the R. felis infection rates of the different coun-
tries were compared, R. felis was detected more often in 
countries with high malaria rates compared with countries 
with low malaria rates (Senegal, Gabon, and Mali vs. Al-
geria, Tunisia, Morocco, and France; p<0.001) (Figure 1). 
The trend analysis showed a significant linear trend of in-
creasing risk for R. felis infection; a lower risk was shown 
in northern countries (France, Tunisia, Morocco, and Alge-
ria) and a higher risk in southern countries (Mali, Gabon, 
and Senegal) (p < 0.0001). The probability of R. felis infec-
tion was 1.00 for Algeria (baseline), 2.8 for Morocco, 4 for 
Mali, 14.5 for Gabon, and 24 for Senegal.

Malaria

Senegal
The attack rate of Plasmodium spp. in febrile per-

sons from Senegal was 21% (400/1868, 206 females); 
those infections occurred significantly more often during 
the rainy season compared with the dry season (256/1042 
vs. 144/822, respectively; p = 0.0002). The risk for ma-

laria was 1.4× higher during the rainy period than during 
the dry period (95% CI 1.2–1.7, p<0.0001). The highest 
rate was in southeastern S6, whereas the lowest rate, 11% 
(37/350), was in southwestern S5 (Table 2). During the 
same time period, the incidence rate of malaria was 17.6 
per 100 person-years or 1.46 per 100 person-months for 
S1 and 5.1 per 100 person-years or 0.42 per 100 person-
months for S2. The highest incidence of malaria was among 
patients <15 years of age in S1–2 (0.55 (0.44–0.67) versus 
0.22 (0.16–0.30) per 100 person-months, RR 2.51, 95% CI 
1.73–3.65, p<0.0001).

When the incidence rate by age group was calcu-
lated according to sex, the highest incidence was found 
among girls <15 years of age: 0.47 (0.37–0.65) versus 
0.25 (0.16–0.37) per 100 person-months, RR 1.92, 95% 
CI 1.15–3.18, p = 0.01; and boys (0.62 (0.47–0.81) ver-
sus 0.18 (0.10–0.30) per 100 person-months, RR 3.38, 
95% CI 1.90–5.99, p<0.0001) groups. Table 3 shows the 
age distribution of malaria. Patients 7‒15 years of age 
(33%) were infected with Plasmodium spp. significantly 
more often than those in other age groups (15% for pa-
tients 1‒3 years of age, p<0.0001 to 23% for patients 4‒6 
years of age, p = 0.004). Co-infection of Plasmodium spp.  
and R. felis was found in 66 case-patients (23%, 66/285), 
mostly in women (61%) and in children 7‒15 years of 
age (43%).
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Table 2. Attack rate of Rickettsia felis infection and malaria by country and geographic site, Africa, 2010–2012 

Participant status, country, 
and study site (site 
abbreviation) Collection period 

No. 
samples* 

No. samples positive/no. tested (%) 

R. felis  Plasmodium spp. 

R. felis/ 
Plasmodium spp. 

co-infection 
Febrile patients      
 Senegal Jun 2010–Mar 2012 2,024 312/2,024 (15) 400/1,867† (21) 66/285 (23)* 
  Dielmo (S1) Jun 2010–Feb 2012 540 39/540 (7) 118/509 (23) 8/36 (22) 
  Ndiop (S2) Jun 2010–Feb 2012 246 20/246 (8) 33/237 (14) 3/18 (17) 
  Keur-Momar Sarr (S3) Mar–Nov 2011 223 36/223 (16) 44/196 (22) 9/33 (27) 
  Niakhar (S4) Oct 2010–Mar 2012 316 76/316 (24) 74/303 (24) 18/74 (24) 
  Basse-Casamance (S5) Jan 2011–Mar 2012 411 84/411 (20) 37/350 (11) 7/69 (10) 
  Kedougou (S6) 2011 288 57/288 (20) 94/272 (34) 21/55 (38) 
 Gabon      
  Franceville 2011 50 5/50 (10) 19/50 (38)‡ 2/5 (40)** 
 Mali 2011 100 3/100 (3) 90% (90/100) 3/3 (100) 
  Diakambou (M1) Oct 50 1/50 (2) 82% (41/50) 1/1 (100) 
  Kole (M2) Nov 50 2/50 (4) 98% (49/50) 2/2 (100) 
 Algeria      
  Oran  Jul–Sep 2012 257 2/257 (1) 1/257 (0,4%) 0/1 
 Morocco      
  Casablanca May–Jun 2006 48 1/48 (2) 0/38† 0 
 Tunisia        
  Sfax 2012 183 0/183 0/183 0 
 France        
  Marseille 2012 400 0/400 0/400 0 
Afebrile persons      
 Senegal (S1–S2) Dec 2011–Apr 2012 391 17/391 (4) 5/391 (1) 0/5 
 France        
  Marseille 2011–2012 100 0/100 0/100 0 
*Reliable samples. 
†There were insufficient DNA samples for the analysis of Plasmodium spp., as decided a posteriori. 
‡Positive by blood smear. 
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Other Countries
Plasmodium DNA was detected in 90% of the blood 

samples collected in Mali; 3 patients with malaria from 
Mali were co-infected with R. felis (Table 2). In Gabon, 
samples from 38% (19/50) of the patients tested positive 
for malaria by using blood smears; 2 of those patients were 
co-infected with R. felis. We most likely misdiagnosed ma-
laria among the patients in Gabon, as based on the lower 
sensitivity and high specificity of microscopy versus PCR 
as the standard (22). Plasmodium DNA was not detected in 
the samples from Tunisia, Morocco, or France. However, 1 
Plasmodium spp.-positive sample was collected in Algeria 
from a 21-year-old woman who was hospitalized for high 
fever, chills, and sweats after having spent >2 months visit-
ing her family in Niger without malaria chemoprophylaxis.

Correlation of R. felis with Malaria
Using the Pearson correlation test, we found a signifi-

cant correlation between the number of patients infected 
with R. felis and those infected with Plasmodium spp. 
(p<0.002): a higher number of R. felis infections corre-
lated with a higher number of malaria cases. A significant 
correlation was also found for seasonality for infection by 
both pathogens: most cases occurred during the rainy pe-
riod (p<0.0001). In addition, children <3 years of age were 
infected with both organisms less often than persons >4 
years of age, and the Pearson test showed a significant cor-
relation between R. felis and malaria (p = 0.001) for this 
age group.

Control Group
R. felis DNA was detected in 4% of the afebrile persons 

(17/391) from Senegal, 12 of whom were children (<15 
years of age); malaria was detected in 5 afebrile persons, 3 
of whom were children. Both pathogens were detected sig-
nificantly less often in afebrile patients than in febrile pa-
tients (p<0.001). DNA from R. felis and Plasmodium were 
not detected among persons in the control group in France.

Arthropod Study
Samples from 9 mosquitoes (≈1%, 9/1,103) and 1 bed 

bug (≈1%, 1/160) tested positive in 2 R. felis-specific qRT-
PCRs (Tables 1,4). The pRFδ plasmid was detected in 8 
mosquito samples (21). In Dakar, 1% (2/154) of the An. 
arabiensis mosquitoes collected were positive for R. felis, 
including 1 male, suggesting transovarian transmission. 
One Aedes luteocephalus from Ferlo 0.5% (1/203) was 
positive for R. felis. In S1, 15% (6/40) mosquitoes collected 
in September 2012 were positive for R. felis, including 1 
An. ziemanni, 1 An. pharoensis, 2 Mansonia uniformis, and 
2 An. funestus. None of the 24 mosquito samples collected 
from this region in July tested positive. In addition, 1 Cimex 
hemipterus bed bug (3%) (1/39), collected from a household 
in S1 in February 2012, tested positive. No R. felis DNA was 
detected in soft or hard ticks or in Culicoides species.

Discussion
This study shows that Rickettsia felis is an emerg-

ing pathogen commonly detected in sub-Saharan rural 
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Figure 2. Incidence of Rickettsia felis 
and Plasmodium spp. infection (malaria) 
in patients, by age, in Dielmo and Ndiop, 
Senegal.

Table 3. Age distribution of infections with Rickettsia felis and Plasmodium spp. among patients in Senegal, by age group, 2010–2012* 

Species 
No. positive samples/no. tested samples (%) 

<1 y 1–3 y 4–6 y 7–15 y 16–29 y >30 y ND Total 
Plasmodium 
spp. 

20/169 (12) 60/327 (16) 57/251 (23) 134/401 (33) 56/271 (21) 58/310 (19) 15/78 (19) 400/1,867 (21) 

R. felis 27/184 (15) 40/422 (10) 40/270 (15) 69/425 (16) 49/298 (16) 57/336 (17) 30/89 (34) 312/2,024 (15) 
*ND, no age data available. 
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Africa. We are confident that our molecular results are 
reliable and that the negative results in samples from 
France illustrate a correlation between R. felis infection 
and malaria with regard to the geographic distribution and 
seasonality. A trend of higher risk for R. felis infection 
in southern countries than in northern countries was re-
vealed; the highest risk for R. felis infection was in rural 
Senegal (24 times than in Algeria). In Senegal, DNA from 
Plasmodium spp. and R. felis were detected at high levels, 
mostly during the rainy season and among children <15 
years of age (Figure 2), but no coincidental relationship 
was found. The incidence of co-infection of R. felis and 
malaria was lower in Senegal (23%) than in Kenya (79%) 
(5), but higher than the rate of simultaneous bacterial 
bloodstream infections and malaria parasitemia, which 
ranged from 6% in rural Mozambique (23) to 11% in Nai-
robi (24). Mixed infections for rickettsioses, including co-
infections with malaria or with other bacteria (Leptospira 
spp., Coxiella burnetii, and Burkholderia pseudomallei) 
have been described (25).

R. felis was detected in afebrile persons, most of whom 
were children <15 years of age, confirming the previously 
reported results in Kenya (5). Although rickettsioses have 
not previously been reported in afebrile persons, low-grade 
Plasmodium parasitemia has been reported among persons 
without a fever (26). This result should be confirmed by cul-
ture, but R. felis has never been isolated, even from acutely 
ill patients. Nonetheless, the absence of positive tests in the 
control group located in France confirmed the specificity 
of our tests. The S1–2 population was screened serologically 
for R. felis, and low titers were identified in 1 of 479 se-
rum samples tested (27), which is substantially lower than 
the seroprevalence of other spotted fever group rickettsiae. 
The mechanism of absence of a serologic response and the 
occurrence of multiple re-infections or relapses of R. felis 
should be investigated further.

In this work, we demonstrated a greater frequency of 
R. felis during the rainy season among children in the sub-
tropical zones, a period coinciding with circulation of P. 
falciparum. There are other seasonal diseases, including in-
fluenza, which are most common during the rainy season in 
subtropical Africa, particularly in Senegal (28). Influenza is 
a disease found throughout the year, with seasonal peaks, 
in Africa; none of the tested patients had influenza symp-
toms. Furthermore, leptospirosis, for which rickettsial dis-
ease could be mistaken, has not been documented in Sen-
egal. Last, the most common seasonal disease in the most 
northern part of the intertropical area is malaria; a disease, 
however, which is common in all seasons in equatorial wet-
lands. These data, for which confirmation is needed, show 
a seasonal correlation between R. felis and malaria; the cor-
relation is related to the presence and activity of Anopheles 
mosquitoes. Although the cat flea, Ctenocephalides felis, is 
currently the only known vector of R. felis, a variety of oth-
er arthropods have been suspected, including different flea 
species, ticks, mites, and lice (13). In Senegal, the source of 
R. felis is yet to be determined. We did not detect R. felis in 
fleas that were screened during 1 year in S1 and S2 (13). In 
other studies, R. felis was not detected in soft or hard ticks 
(27,29), tsetse flies (30), or midges. These findings support 
the hypothesis of the role of Anopheles in the transmission 
of R. felis; this hypothesis should be confirmed or refuted 
by future studies.

The clinical findings for R. felis infection are often un-
clear and are typically misdiagnosed as other febrile illnesses 
(12,31). Recently, the primary infection was described in a 
patient with polymorphous skin lesions, including papules, 
vesicles, erosions, and ulcers (12), similar to patients from 
Mexico (32). In the current study, a high incidence of R. felis 
infection was identified in children <15 years of age, as de-
scribed (4). Fortunately, such patients improve rapidly with 
doxycycline treatment (12). For travelers to sub-Saharan  
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Table 4. Detection of Rickettsia species in arthropods collected in Senegal, 2008–2012 

Group Species 
No. samples 

tested 
Type of rickettsia  

(% positive samples) Reference 
Fleas Ctenocephalides felis 48 None (13) 

Echidnophaga gallinacea 150 None 
Synosternus pallidus 41 Rickettsia sp., group R. felis (93) 

Tsetse flies Glossina morsitans submorsitans 78 Rickettsia sp., group R. felis (100) (30) 
Hard ticks Amblyomma variegatum 492 Rickettsia africae (87) (29) 

Rhipicephalus decoloratus 40 Rickettsiae spotted fever group 
(0–51) 

(27) 
R. annulatus 5 

Hyalomma marginatum rufipes 173 
H. truncatum 141 

R. evertsi evertsi 2358 
R. guilhoni 50 

Rhipicephalus sp. 2 None This study 
Soft ticks Ornithodoros sonrai 138 None This study 

O. capensis 40 Rickettsia sp., group R. felis (20) This study 
Argas persicus 4 None This study 

Midges Culicoides spp. 384 None This study 
Bed bugs Cimex hemipterus 160 1/160, (0.6) This study 
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Africa, the medications recommended for the chemoprophy-
laxis of malaria include doxycycline, which has the added 
advantage of being effective against rickettsioses (33).

This study showed the wide distribution and high inci-
dence of R. felis infection; therefore, rickettsiosis should be 
considered one of the major causes of febrile diseases in sub-
Saharan Africa. The demonstrated geographic distribution, 
seasonality, target population, incidence of relapses or re-in-
fections, and asymptomatic infections of R. felis infection are 
similar to malaria. Further studies are needed to investigate 
the hypotheses that humans, as for epidemic typhus, another 
vector-borne relapsing rickettsiosis, or apes could be reser-
voirs and mosquitoes could be a vector for R. felis infection.
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In mainland China, most avian influenza A(H7N9) cas-
es in the spring of 2013 were reported through the pneu-
monia of unknown etiology (PUE) surveillance system. To 
understand the role of possible underreporting and surveil-
lance bias in assessing the epidemiology of subtype H7N9 
cases and the effect of live-poultry market closures, we ex-
amined all PUE cases reported from 2004 through May 3, 
2013. Historically, the PUE system was underused, report-
ing was inconsistent, and PUE reporting was biased toward 
A(H7N9)-affected provinces, with sparse data from unaf-
fected provinces; however, we found no evidence that the 
older ages of persons with A(H7N9) resulted from surveil-
lance bias. The absolute number and the proportion of PUE 
cases confirmed to be A(H7N9) declined after live-poultry 
market closures (p<0.001), indicating that market closures 
might have positively affected outbreak control. In China, 
PUE surveillance needs to be improved.

Since 2004, the Chinese Center for Disease Control and 
Prevention (China CDC) has conducted surveillance 

for pneumonia of unknown etiology (PUE) to facilitate 
timely detection of novel respiratory pathogens, such as 
severe acute respiratory syndrome (SARS) and avian in-
fluenza. On March 31, 2013, health authorities in China 
reported the first human infection with avian influenza 
A(H7N9) virus to the World Health Organization (1). In 
response to the emergence of A(H7N9), China CDC and 

provincial and local CDCs introduced testing for A(H7N9) 
virus of all persons with reported PUE. As of May 3, 2013, 
a total of 127 laboratory-confirmed A(H7N9) cases, result-
ing in 24 deaths, had been reported from 10 provinces and 
municipalities in mainland China (hereafter referred to as 
affected areas). The median age of these case-patients was 
62 years; most (71%) were males.

Most confirmed case-patients had severe disease (2–
4), and an analysis of national influenza-like illness surveil-
lance data has not found evidence of widespread A(H7N9)-
associated mild illness (5). After preliminary epidemiologic 
and virologic information pointed to live-poultry markets 
(LPMs) as a possible source of infection (2,4), retail and 
wholesale LPMs were closed in several major cities in 
which A(H7N9) was confirmed, including Shanghai, Nan-
jing, and Hangzhou. The number of new cases declined in 
these cities after LPM closures (6).

However, these reports of A(H7N9) geographic occur-
rence, demographic patterns, and effectiveness of control 
measures depend not only on the number of confirmed 
A(H7N9) cases but also on surveillance and on reporting 
and testing patterns. Although the number of cases has 
been studied at length, reported cases are a function of sur-
veillance, and A(H7N9) reporting and testing patterns have 
not been examined in detail. We describe the PUE surveil-
lance system in China and analyze the proportion of tested 
persons who test positive in mainland China for A(H7N9) 
by province, age, and sex before and after LPM closures to 
assess the possible role of surveillance bias.

Methods

Surveillance for PUE before A(H7N9) Emergence
From 2004 through March 2013, health care facilities 

of all types in China were required to report any patient 
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who had no clear diagnosis and whose illness met 4 criteria. 
These criteria were 1) fever (axillary temperature >38◦C); 
2) radiologic characteristics consistent with pneumonia; 
3) reduced or normal leukocyte count or low lymphocyte 
count during early stages of disease; and 4) worsening of 
symptoms or no obvious improvement after 3–5 days of 
standard antimicrobial treatment.

Upper or lower respiratory tract specimens from each 
patient were tested for influenza A(H5N1) virus and for 
SARS-coronavirus (SARS-CoV) and, beginning in Octo-
ber 2012, for Middle East respiratory syndrome corona-
virus. Some provinces also tested for seasonal influenza 
A (subtypes H1N1 and H3N2) and, after 2009, pandemic 
H1N1 2009 and B viruses, but this testing varied by prov-
ince. If specimens were negative for A(H5N1) and SARS-
CoV, no further testing was required. Data were collected 
on age, sex, location, occupation, and dates of illness dura-
tion and on who reported the case.

Cases were reported by clinicians directly to the Chi-
na Information System for Disease Control and Preven-
tion (CISDCP), the nationally notifiable disease reporting 
system, through an Internet-based platform. Before China 
CDC became involved in any response, expert consultation 
committees were required at the county, prefecture, and 
provincial levels to determine whether the case was SARS 
or A(H5N1) on the basis of clinical or laboratory evidence. 
If SARS and A(H5N1) were excluded and there was no 
other diagnosis, cases were designated as “disease of other 
unknown cause,” and no further investigation was con-
ducted. However, for clusters of PUE cases, i.e., >2 PUE 
cases for which an epidemiologic link was identified, the 
provincial CDC sent the specimens to China CDC for fur-
ther testing if the provincial expert consultation committee 
could not provide a clear diagnosis, and China CDC would 
guide or become directly involved in the field investigation 
if needed.

Surveillance for PUE after A(H7N9) Emergence
In response to the emergence of A(H7N9), 3 key 

changes in this system were implemented. First, starting on 
March 31, 2013, all specimens from reported PUE cases 
were required to be tested not only for influenza A(H5N1) 
but also for seasonal influenza A, influenza B, and influ-
enza A(H7N9) by real-time reverse transcription PCR (3). 
If a specimen was positive for influenza A but could not be 
subtyped, further testing would be performed. If test results 
for both influenza types A and B were negative, specimens 
would be tested for SARS-CoV and Middle East respira-
tory syndrome coronavirus. Second, local-level evaluation 
of cases was streamlined in early April 2013. After cases 
were reported, specimens were sent directly for testing to 
local and/or provincial CDCs, bypassing the expert con-
sultation committees. Third, to avoid delay in A(H7N9)  

diagnosis, the fourth reporting criterion above (antimicro-
bial treatment failure) was replaced with a requirement that 
the pneumonia etiology could not be attributed to an al-
ternative clinical or laboratory diagnoses. Clinicians were 
given flexibility to determine how to interpret this criterion, 
and specific tests were not specified.

Respiratory specimens collected from patients whose 
illnesses meet the modified PUE case definition are sent to 
the local and/or provincial influenza network laboratory for 
testing for A(H7N9). (The first A[H7N9] case in a province 
is confirmed by China CDC and subsequent cases by the 
provincial CDC.) In addition, as of April 5, clinicians could 
also specify whether a patient had a suspected or confirmed 
A(H7N9) case by using a separate specific case definition 
and laboratory evidence of possible A(H7N9) infection (7) 
and reported directly to CISDCP. In this analysis, we fo-
cused only on the historical and current performance of the 
PUE surveillance system.

To better understand testing patterns during the 
A(H7N9) outbreak, we looked at historical reporting in 
the PUE surveillance system from January 2004 through 
March 2013. We also examined all PUE cases reported to 
China CDC during March 30–May 3, 2013, and calculated 
the proportion positive for A(H7N9) by province and in 
different age and sex groups. To assess whether LPM clo-
sures helped control the epidemic and to account for any 
reduction in testing, we examined the number of confirmed 
A(H7N9) cases and the proportion of PUE case-patients 
who tested positive for A(H7N9) in the week before and 
the 2 weeks after LPM closures in Shanghai (population 
30.5 million), Nanjing (population 8.2 million), and Hang-
zhou (population 8.8 million). The LPMs were first closed 
in these cities on April 6, April 8, and April 15, respec-
tively. At the time the study was conducted, the estimated 
median incubation period of A(H7N9) infection was 6 days 
(interquartile range 4–7) (China CDC, unpub. data). We 
separated postclosure results into those in the first and sec-
ond weeks after closure in each LPM (1–7 days and 8–14 
days, respectively) and compared proportions before and 
after LPM closure using a χ2 test for trend. A Pearson χ2 
test was used to compare the proportion of men and women 
who tested positive for A(H7N9), and significance was de-
fined by α<0.05. SPSS software version 19.0 (SPSS, Chi-
cago, IL, USA) was used for statistical analysis.

Results
During January 2004–March 30, 2013, a total of 1,016 

cases were reported to the PUE surveillance system, of 
which 976 (96%) had a final diagnosis available. Thirty-
nine (4%) cases were identified as A(H5N1), accounting 
for 91% of the 43 avian influenza A(H5N1) confirmed in 
humans in mainland China during 2005–2013. No SARS 
cases were identified. 744 (76%) PUE cases had no clear 
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final diagnosis. In most months <10 PUE cases were re-
ported, and a mean of 10 cases were reported each month 
(range 0–168). The number of reported cases increased 
during identified outbreaks, such as the SARS outbreak in 
2004, when the system was first established, and avian in-
fluenza A(H5N1) outbreaks in humans during the winter 
and spring of 2005–06 and early 2009 (Figure 1).

During March 30–May 3, 2013, a total of 1,118 PUE 
cases were reported from 24 provinces, with earliest onset 
on January 26. PUE cases peaked at 61 per day on April 8, 
2013, and then dropped rapidly in the following 3 weeks 
(Figure 2). A total of 1,002 (90%) PUE cases reported were 
from affected areas, which constitute 43% of the Chinese 
population, and 116 (10%) were from from unaffected ar-
eas (57% of the population). Most PUE cases were reported 
from Shanghai (468 [42%] of 1,118) and Zhejiang (388 
[26%]). Of the 1,002 PUE cases from affected areas, 94 
(9%) were confirmed as A(H7N9), which represents 74% 
of all 127 confirmed A(H7N9) cases in mainland China 
as of May 3. The remaining 33 cases were reported either 
through the influenza-like illness surveillance system (6 
cases) or directly to CISDCP (27 cases).

Among the affected areas, Jiangsu reported the highest 
percentage of PUE positive for A(H7N9) (74%). This was 
followed by Hunan (33%), Henan (27%), Fujian (18%), 
Zhejiang (14%), Jiangxi (10%), Shanghai (4%), Beijing 
(3%), and Anhui and Shandong (0 cases each) (Table 1).

Of all PUE cases from the affected areas, 288 (29%) 
occurred in persons <25 years of age; 399 (40%) were 25–
59 years, and 315 (31%) were >60 years. The number of 
PUE cases among female patients was lower overall (449 
[45%] of 1,002) and in each age group except the 15–24-
year and 25–59-year groups. Among persons >60 years of 
age, many more men than women were reported through 
the PUE systems (198 men vs. 117 women) (Table 2).

Of PUE cases confirmed to be A(H7N9), 1 (1%) was 
in the 5–14-year age group, 42 (45%) were in patients 25–
59 years of age, and 51 (54%) were in patients >60 years 
of age. The proportion of PUE cases positive for A(H7N9) 
was higher in adults (11% and 16% in persons 25–59 and 
>60 years of age, respectively) than in children, teenagers, 
and young adults (0%, 1%, and 0% in persons <1–4, 5–14, 
and 15–24 years of age, respectively). Overall, more posi-
tive A(H7N9) cases occurred in men than in women (62 
vs. 32), and men and women differed significantly in the 
proportion positive for A(H7N9) (11% vs. 7%, p = 0.027). 
In persons >60 years of age, twice as many A(H7N9) cases 
occurred in men than in women (34 vs. 17), although the 
proportion of PUE cases that were positive for A(H7N9) 
was not significantly higher in men than in women (17% 
vs. 15%; p = 0.539) (Table 2).

The total number of PUE reported cases declined af-
ter LPM closures in Hangzhou and Nanjing but increased 
in Shanghai in the 1–6 days after closure, then dropped 
in the 7–14 days after closure. The number of confirmed 
A(H7N9) cases in Shanghai and Hangzhou after officials 
closed LPMs declined from 11 and 15 cases, respectively, 
in the week before closure to 4 and 4 cases during the 1–7 
days after closure. In the 8–14 days after closure, 1 and 0 
cases were confirmed in those cities, respectively. The pro-
portion of PUE cases positive for A(H7N9) also declined 
from 14% and 25% before closure to 2% and 12% 1–7 days 
later and 1% and 0% 8–14 days later, respectively (χ2 test 
for trend, p<0.001 in Shanghai; p = 0.056 in Hangzhou). In 
Nanjing, 5 positive A(H7N9) cases occurred in the week 
before LPM closure, with 1 in the 14 days after closure (p = 
0.564). When data from the 3 areas are combined, the num-
ber of positive cases declined from 31 cases in the week 
before closure (21% of PUE cases positive for A[H7N9]) 
to 8 cases (4% positive) 1–7 days after closure; it decreased 
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Figure 1. Number of reported 
PUE cases, mainland China, 
January 2004–May 2013. 
SARS, severe acute respiratory 
syndrome; H5N1, human 
infection with avian influenza 
A(H5N1) virus; PUE, pneumonia 
of unknown etiology.
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further to 2 cases (2% positive) in the 8–14 days after clo-
sure (p<0.001). In Shanghai, >1.5 times the number of PUE 
cases were tested for A(H7N9) in the 8–14 days after LPM 
closure than before closure, although testing decreased in 
Hangzhou and Nanjing after LPM closure. These data sug-
gest that the decline in absolute numbers was not a surveil-
lance artifact but a real effect (Table 3; Figure 3).

Discussion
Our study examined the Chinese national PUE surveil-

lance system and its utility during the influenza A(H7N9) 
outbreak in the spring of 2013. Historically, the PUE sys-
tem had been underused, and reporting had been inconsis-
tent. The number of reported PUE cases increased above 
minimum levels only during known outbreaks of A(H5N1) 
and SARS, the only pathogens for which there had been 
testing. We describe several changes made to the PUE sys-
tem during the A(H7N9) outbreak that increased its sensi-
tivity and timeliness, resulting in increased reporting; yet, 
we demonstrated low frequency of PUE reporting from un-
affected provinces. Moreover, some provinces were clearly 
prescreening possible A(H7N9) PUE cases before report-
ing, which resulted in wide variations in percent positivity. 
Nevertheless, data from the PUE system demonstrated that 
1) A(H7N9) cases were indeed more common in elderly 
persons; 2) men are at higher risk than women for PUE 
and A(H7N9) virus infection; and 3) the decline in reported 
cases after LPM closure probably reflects a true decline in 
the number of cases, not merely a decline in testing.

Historical data from the PUE surveillance system dem-
onstrated that the system has consistently been underused. 
Before the A(H7N9) outbreak, it was used to report most 

A(H5N1) cases in China. However, the PUE system was 
not (and still is not) used consistently. In 1 study, which 
examined all cases of community-acquired pneumonia in 6 
hospitals over 1 year (April 1, 2008–March 31, 2009), 442 
(29%) of the 1,506 community-acquired pneumonia cases 
met PUE criteria and should have been reported to the PUE 
system (8). In contrast, only 1,016 PUE cases in all of China 
were reported during a 9-year period. We showed that the 
number of cases surged when an outbreak occurred, either 
during the SARS outbreak or during publicized A(H5N1) 
outbreaks. This surge may reflect enhanced administrative 
requirements from health authorities (9) or enhanced clini-
cian awareness of respiratory viruses.

Before April 2013, the administrative burden of re-
porting a case to the PUE system gave clinicians little 
incentive to participate. Reporting a PUE case triggered 

	 Emerging Infectious Diseases • www.cdc.gov/eid • Vol. 19, No. 11, November 2013	 1787

Figure 2. Number of PUE 
cases, confirmed influenza 
A(H7N9) cases reported, and 
cumulative affected provinces 
or municipalities, mainland 
China, March 30–May 3, 
2013. *Confirmed A(H7N9) 
cases reported through the 
PUE surveillance system. 
†Cumulative affected provinces/
municipalities reporting cases 
through the PUE system. 
‡Cases reported through PUE 
system. PUE, pneumonia of 
unknown etiology.

 
Table 1. Numbers of PUE cases and influenza A(H7N9) virus 
infections reported by PUE surveillance, mainland China, March 
30–May 3, 2013* 

Province or municipality 
No. cases 
reported 

No (%) 
A(H7N9) positive 

Affected, n = 10   
 Anhui 100 0 
 Beijing 33 1 (3) 
 Fujian 17 3 (18) 
 Henan 11 3 (27) 
 Hunan 6 2 (33) 
 Jiangsu 27 20 (74) 
 Jiangxi 42 4 (10) 
 Shandong 10 0 
 Shanghai 468 20 (4) 
 Zhejiang 288 41 (14) 
Unaffected, n = 21 116 0 
Total 1118 94 (8) 
*PUE, pneumonia of unknown etiology. 
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requirements, such as cooperating with an epidemiologic 
investigation, collecting specimens, providing clinical in-
formation for expert committees, and moving patients to 
isolation wards. In return, clinicians received little infor-
mation; 76% of reported PUE cases had no final specific 
diagnosis, and clinicians were told only whether the cases 
were SARS or A(H5N1). Streamlining the PUE reporting 
system and decreasing the requirements involving expert 
consultation committees probably contributed to the large 
increase in PUE reporting during the A(H7N9) outbreak; 
more PUE cases were reported during the study period than 
in the prior 9 years of PUE surveillance.

During the A(H7N9) epidemic, reporting increased 
substantially only in affected areas, leading to huge varia-
tion between provinces in PUE reporting. Of most concern 
is that during the A(H7N9) outbreak, areas with no hu-
man cases grossly underreported PUE cases. Most (92%) 
reported PUE cases were negative for A(H7N9) and were 
probably caused by other etiologies. Thus, we would ex-
pect to see a comparable number of PUE cases reported in 
affected and unaffected areas. However, 68% of all PUE 
cases were reported from Shanghai and Zhejiang province; 
together, these 2 provinces constitute only 6% of the to-
tal population of China. By contrast, only 10% of all PUE 
cases were reported in the 21 unaffected provinces; these 
constitute 57% of the population (10).

In addition to surveillance bias away from provinces 
unaffected by the A(H7N9) outbreak, variation probably 
occurs among provinces in the screening that precedes re-
porting a PUE case. Some provinces reported PUE cases 
before extensive testing; in other provinces, clinicians 

may send specimens directly to the local CDC for testing 
first, then report only those that had a positive result as 
PUE cases. This scenario was documented in a previous 
analysis of the PUE system during 2004–2007 (11). The 
discrepancy in the proportion of positive cases in different 
provinces (74% in Jiangsu vs. 4% in Shanghai) indicates 
that prescreening was most likely a factor in PUE reporting 
practices during the A(H7N9) outbreak. The sharp decline 
in PUE reporting noted after mid-April also might reflect 
increased availability of A(H7N9) testing at the local and 
provincial levels. The ability to test for A(H7N9) locally 
enables clinicians and local health officials to bypass PUE 
reporting and instead report a case to CIDSP as a suspected 
or confirmed A(H7N9) case; this raises the question of how 
much the PUE system will be used if future large outbreaks 
of A(H7N9) occur.

Despite the limitations of the PUE reporting system, 
it yielded important epidemiologic information. First, 
we found that the older age distribution of persons with 
A(H7N9) was probably true and not a result of surveillance 
bias because testing was extensive among young persons, 
and the percentage positive increased in persons >60 years 
of age. This contrasts sharply with A(H5N1) cases in China 
in which the median age of infection is 26 years (12). Sec-
ond, more PUE cases were reported among men who were 
also more likely to test positive; the reason may be that 
men are at higher risk for any pneumonia, perhaps because 
of underlying respiratory comorbidities, but the increased 
percentage positive for A(H7N9) among men also suggests 
a specific risk for A(H7N9), especially among working-
aged men. The reason may be that these men are more 
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Table 2. Number of reported PUE cases and number positive for influenza A(H7N9) virus in 10 affected areas, mainland China, March 
30–May 3, 2013* 

Age group, 
y 

Total patients 

 

Male patients 

 

Female patients 

p value† PUE, no. 
A(H7N9) positive, 

no. (%) PUE, no. 
A (H7N9) positive, 

no. (%) PUE, no. 
A(H7N9) positive, 

no. (%) 
<1–4 68 0  44 0  24 0  
5–14 92 1 (1)  52 0  40 1 (3) 0.435 
15–24 128 0  64 0  64 0  
25–59 399 42 (11)  195 28 (14)  204 14 (7) 0.015 
60 315 51 (16)  198 34 (17)  117 17 (15) 0.539 
Total 1002 94 (9)  553 62 (11)  449 32 (7) 0.027 
*PUE, pneumonia of unknown etiology. 
†p value comparing proportion positive among males with proportion positive among females. Pearson 2. 

 

 
Table 3. Reported PUE cases that were positive for influenza A(H7N9) virus before and after closure of live-bird markets in 3 cities, 
mainland China, March 30–May 3, 2013* 

Location 

0–6 d before closure†  1–7 d after closure†  8–14 d after closure† 

p value No. PUE 
A(H7N9) positive, 

no. (%)  No. PUE 
A(H7N9) positive, 

no. (%)  No. PUE 
A(H7N9) positive, 

no. (%) 
Shanghai 81 11 (14)  188 4 (2)  122 1 (1) <0.001 
Nanjing 7 5 (71)  0 0  1 1 (100) 0.564 
Hangzhou 60 15 (25)  34 4 (12)  5 0 0.056 
Total 148 31 (21)  222 8 (4)  128 2 (2) <0.001 
*PUE, pneumonia of unknown etiology. 
†Dates of market closures: Shanghai: April 6; Nanjing: April 8; Hangzhou: April 15, 2013. 
‡2 test for trend for percentage of reported cases testing positive for A(H7N9). 
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exposed to poultry through occupation or behavior. Third, 
PUE surveillance analysis suggested that LPM closure did 
reduce A(H7N9) transmission to humans, whereas a pre-
vious report indicated that the number of new A(H7N9) 
cases declined after LPM closure (6), this decline could 
have reflected decreased testing and not an actual decline 
in A(H7N9) incidence. Our analysis shows that, although 
the number of persons reported with PUE and tested for 
A(H7N9) virus decreased after LPM closure, the propor-
tion of PUE testing positive for A(H7N9) also decreased in 
the weeks after closure. Investigation of A(H7N9) cases in 
China has found that 77% of cases for which information 
was available have had poultry exposure, many through 
contact with LPMs (2). In the 1997 outbreak of A(H5N1) 
in Hong Kong, poultry were culled and LPMs closed (13). 
These measures controlled the outbreak, and A(H5N1) dis-
ease was not reported again in humans until 2003.

Our study has several limitations. First, the incidence 
of A(H7N9) in the 3 areas with LPM closure that we stud-
ied may have decreased regardless of LPM closure. It is 
possible that LPM closures were associated with–but not 
the cause of–the waning number of cases. This decreasing 
incidence could have been the case had there been a short 
wave of infected poultry passing through LPMs. Also pos-
sible is that, as with A(H5N1), A(H7N9) may be seasonal 

in birds and therefore in humans, with lower transmission 
during the spring and summer months. Second, although 
we demonstrate that the proportion of PUE cases positive 
for A(H7N9) decreased after LPM closure, the substantial 
decrease in reporting and testing immediately after market 
closure in Hangzhou may have resulted in missed cases and 
exaggerated the apparent effect of closure. In addition, how 
much increased local testing for A(H7N9) may have af-
fected PUE reporting is unknown.

This study identified several major problems with the 
PUE surveillance system, including low and uneven levels 
of participation and inconsistency among provinces in how 
the system is used. Given its potential value in monitor-
ing future A(H7N9) activity, the system’s overall objec-
tives and reporting procedures should be further evaluated. 
The continued threat of additional viral adaptation to hu-
man hosts leading to increased transmissibility lends added 
urgency to the ongoing improvement of the PUE system 
to better understand the epidemiology of A(H7N9), detect 
outbreaks, and evaluate control measures.

Acknowledgments
We thank Yachun Dai, Jianfen Wang, and Yanfei Li  

for technical assistance on exporting the PUE database from 
CISDCP.

	 Emerging Infectious Diseases • www.cdc.gov/eid • Vol. 19, No. 11, November 2013	 1789

Figure 3. Reported PUE cases 
and confirmed influenza A(H7N9) 
cases reported before and after 
LPM closures, Shanghai (A), 
Nanjing (B), and Hangzhou (C), 
mainland China, March 30–May 3, 
2013. PUE, pneumonia of unknown 
etiology; LPM, live-poultry market.
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Inflammatory bowel disease (IBD) is a risk factor 
for Clostridium difficile infections (CDIs). Because of similar 
disruptions to the intestinal microbiome found in IBD and in 
obesity, we conducted a retrospective study to clarify the 
role of obesity in CDI. We reviewed records of patients with 
laboratory-confirmed CDIs in a tertiary care medical center 
over a 6-month period. Of 132 patients, 43% had community  

onset, 30% had health care facility onset, and 23% had 
community onset infections after exposure to a health care 
facility. Patients with community onset infections had higher 
body mass indices than the general population and those 
with community onset after exposure to a health care facili-
ty, had higher rates of IBD, and lower prior antibacterial drug 
exposure than patients who had CDI onset in a health care 
facility. Obesity may be associated with CDI, independent 
of antibacterial drug or health care exposures.

Clostridium difficile infections (CDIs) have a profound 
economic effect on the health care system; estimated 
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costs range from $496 million to >$1 billion (1,2). C. dif-
ficile is a leading cause of infectious diarrhea in hospi-
talized patients: the annual number of diagnoses of CDI 
on discharge has more than doubled, from ≈139,000 to 
336,600 during this decade (3). The epidemiology of CDI 
has also shifted. A greater number of community onset 
cases have been recorded in traditionally low-risk popula-
tions (4,5), raising the concern for whether there are un-
identified risk factors increasing the probability of CDI 
among this subset of persons. Association of CDI with 
novel risk factors can contribute to improved clinical sur-
veillance of persons at highest risk for infection in the 
hospital setting or the community.

Inflammatory bowel disease (IBD) has been identified 
as an independent risk factor for C. difficile colonization 
and disease; patients with IBD have increased severity of 
illness and death rates from CDI (6,7). This relationship 
appears to be modulated by a dysbiosis of intestinal mi-
crobiota (7,8). Similar to changes noted with use of anti-
bacterial drugs and IBD, studies have shown that obesity 
may be associated with decreased diversity and changes in 
composition of the intestinal microbiome (9–11). Given the 
similarities in derangements of the intestinal microbiome 
seen secondary to antibacterial drug use, IBD, and obesity, 
obesity may also predispose persons to CDI.

Before 2010, the Society for Healthcare Epidemiology 
of America and the Infectious Diseases Society of America 
guidelines (SHEA-IDSA guidelines) defined CDIs as hav-
ing community onset (CO) or inpatient health care facility 
onset (HO). Reflecting the changing epidemiology of CDI, 
the definition was expanded by the 2010 update of clini-
cal practice guidelines to include an additional category of 
disease: community-onset health care facility–associated 
(CO-HCFA) (12). This category, CO-HCFA, is defined 
as onset of disease in CDI patients in the community who 
had exposure to health care facilities during the previous 4 
weeks. We believe the introduction of this category has re-
moved cases from the CO cohort who had recent exposure 
to health care facilities and may help detect associations 
between CDI and novel risk factors in patients with few 
other traditional exposures.

This study aims to identify possible demographic and 
risk factor differences between patients who develop com-
munity onset CDI compared with their HO and CO-HCFA 
counterparts. In particular, we examine whether obesity is 
overrepresented in patients with community onset infec-
tions who did not have exposure to health care facilities, an-
tibacterial drugs, or the diagnosis of IBD. Furthermore, we 
examine the health care delivery sites represented among 
patients with CO-HCFA infections. The identification of 
these sites will facilitate targeted training and education of 
staff and improved allocation of infection control resources 
to decrease future incidence of disease.

Methods
This study was a retrospective analysis of the infec-

tion control databases, microbiology results, and medical 
records of all patients who had laboratory proven CDI at 
Boston Medical Center (BMC) that serves as a regional 
safety net hospital. At the time of the study, the 508-bed 
academic medical center had a network of 15 community 
health centers. The study was approved by the BMC Insti-
tutional Review Board.

Our institution adopted the 2010 SHEA-IDSA guide-
line classifications for CDI in November 2011. All CDI 
cases in adults during November 2011–April 2012 were 
reviewed. Case-patients were defined as persons who had 
fecal samples positive for C. difficile by using the C. Diff 
Quik Chek Complete enzyme immunoassay (TechLab, 
Blacksburg VA, USA) or GeneXpert PCR (Cepheid, 
Sunnyvale, CA, USA) during the study period. At BMC, 
only non-formed stools are accepted for microbiological 
analysis for CDI. Samples are tested by enzyme immuno-
assay for toxins A and B; if the result is inconclusive or 
clinical suspicion of disease is high, PCR is used.

By using the former classification, the case-patients 
with laboratory proven CDI were first categorized as hav-
ing either community or nosocomial onset disease. Patients 
were then recategorized by using the new SHEA-IDSA 
guidelines as having CO, CO-HCFA, or HO disease. The 
CO category included patients who had symptoms and a 
positive fecal sample test and no exposure to health care 
facilities or associated sites for >30 days before the clinic 
visit or hospital admission. CO-HCFA case-patients were 
exposed to health care facilities within the previous 30 
days. Case-patients with HO disease had onset of symp-
toms >48 hours after admission and had positive results for 
CDI laboratory tests. Patients who had new symptoms and 
a positive assay and a previous positive test for C. difficile 
>30 days but <8 weeks prior to examination were classified 
as having recurrent disease. Because of the small sample 
size of this group, recurrent case-patients were excluded 
from analysis to facilitate statistical comparison.

An exposure to hemodialysis centers, day surgery, 
chemotherapy suites, or long-term care facilities was 
considered an encounter with the health care system. De-
mographic data extracted from the patient chart included 
age, sex, race and ethnicity, height, and weight. Factors 
that have been identified as risk factors for CDI were also 
documented and included the presence of certain coex-
isting medical conditions, use of anti-ulcer medications, 
admission to a hospital intensive care unit, duration of 
hospital stay, and antibacterial use during the preceding 
month (13). IBD was cataloged separately from other im-
munocompromising conditions. Obesity was defined as 
body mass index (BMI) >30, calculated as weight (kg)/
height (m)2.
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Statistical analyses were performed by using SPSS 
software version 20 (SPSS, Inc.,  Chicago, IL, USA). De-
scriptive statistics, including student t-test, 1-way analysis 
of variance, and χ2 statistics, were acquired for the data 
where appropriate. The proportion of CO case-patients 
diagnosed with obesity was compared with data gathered 
during 2011 in Massachusetts: population statistics provid-
ed by the US Census Bureau (14) and weight classification 
by BMI data provided by the Centers for Disease Control 
and Prevention Behavioral Risk Factor Surveillance Sys-
tem (15). Age was used as a continuous variable to cal-
culate the means in univariate analysis but categorized as 
either <65 or >65 years for multivariable regression. All 
reported p values were 2-sided; results with a p value <0.05 
were considered significant.

Three binary regression analyses were performed with 
either CO and CO-HCFA, CO and HO, or CO-HCFA and 
HO as outcomes. CO-HCFA was used as the reference cat-
egory for the first model, while HO served as the refer-
ence for the second and third models. A stepwise backward 
elimination method and likelihood ratios were used to find 
the best fitted model that also contained clinically relevant 
variables. All 2-way interaction terms were examined; 
none were found to have a substantial impact. A p value of 
0.10 was used for exclusion from the regression model of 
nonclinically relevant covariates.

Results
A total of 137 cases of CDI were identified in patients 

at BMC during the study period. Five patients had recurrent 
disease and were excluded, and the remaining 132 cases 
were analyzed. According to the former definitions of loca-
tion of onset of CDI, 91 cases were CO and 41 were HO. 
By using the definitions described in 2010, 35.2% (32/91) 
of the CO cases were found to be HCFA-CO (Figure). Of 
these, 62.5% (20/32) had a prior hospital admission as a 
risk factor, while 28.1% (9/32) were from a long-term care 
facility. Other risk factors (accounting for those with >1 
risk factor) included recent surgery (12.5%), hemodialysis 
(9.4%), or outpatient chemotherapy (3.4%). Results for pa-
tient demographics among the 3 CDI categories are shown 
in Table 1. Among hospitalized patients from each cate-
gory (109/132), patients with nosocomial infections had a 
longer length of stay (p<0.001) and were more likely to 
have been admitted to an intensive care unit (ICU) (p = 
0.002) (Table 1).

In univariate analysis testing for differences across the 
3 groups, there were lower percentages of patients with 
IBD in the HO and HCFA categories compared with the 
CO group (p = 0.018). A higher percentage of patients in 
the CO category were noted to be obese, and this finding 
approached statistical significance (p = 0.08). The percent-
age of  patients in the CO group who were obese (34%) was 

statistically higher than the state average (23%) (odds ratio 
1.7, 95% CI 1.02–2.99). HO cases were more likely to have 
had prior exposure to antibacterial drugs compared with 
the CO and HCFA groups (p<0.001). The use of antiulcer 
medication and coexisting conditions such as immunosup-
pressive conditions, diabetes, and end stage renal disease 
were identified with statistically similar frequency in the 3 
groups. CDI in HO group was associated with longer hos-
pital stays and higher likelihood of an ICU stay than that in 
the CO or HCFA groups (p<0.01 for both).

In binomial logistic regression, the CO cohort was not-
ed to be younger (p = 0.03) and 4 times more likely to be 
obese (p = 0.03) compared with the CO-HCFA group (Ta-
ble 2). Obesity was not observed at a substantially higher 
rate in the CO group compared with the CO-HCFA group. 
The CDIs in CO group were >5 times more likely to be 
associated with IBD compared with CO-HCFA and ≈6.5 
times more likely when compared with the HO group; only 
the latter comparison approached significance (p = 0.094). 
Compared with HO patients (p>0.001), CO and CO-HCFA 
patients were statistically less likely to have had antibacte-
rial drugs before symptom onset (p = 0.01).

Discussion
This study demonstrates possible relationships be-

tween CDI, IBD, and obesity. By comparing a relatively 
low-risk group of patients with CDI to those with more 
traditional risk factors, we sought to identify an associa-
tion between obesity and CDI. This association was under-
scored by the hypothesis that in a group without exposure 
to health care facilities, the statistical significance of other 
risk factors such as obesity and IBD may be increased. 
Under the categories created by SHEA-IDSA guidelines, 
case-patients with CO CDI were 4 times more likely to 
be obese compared with the community-onset health care 
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Figure. Study population of Clostridium difficile infection  
(CDI) cases. 
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facility–associated group, and almost 2 times as likely to 
be obese as the general population of Massachusetts. Like 
IBD, obesity may be associated with a higher risk of CDI.

The relationship between IBD and CDI is evolving. 
Issa et al. (16) and Rodemann et al. (17) demonstrated that 
≈80% of IBD patients who acquired CDI did so in outpa-
tient settings, and another series of inpatients showed IBD 
patients had CDI onset within an average of 1 day of ad-
mission, compared with 4 days for other CDI case-patients. 
IBD patients received a greater number of antibacterial 
drugs, had greater exposure to health care facilities, and 
were frequently administered immunosuppressive drugs 
that could have increased their risk of infection (18). How-
ever, there is biologic plausibility that IBD may create an 
intestinal environment hospitable for CDI, independent of 
antibacterial drugs and immune modulators.

Studies have demonstrated that the increased inci-
dence of CDI and colonization in IBD patients may be 
mediated by a derangement of gut flora (19). Evolving 
literature suggests that the community of microorganisms 
living in symbiosis with the human host affects energy 
metabolism, alters responses by innate immunity, and can 
determine outcomes of host pathogen interactions (20, 
21). The diversity and the composition of the gut micro-
bial community determine the effectiveness of its symbio-
sis with the host (22). Changes in fecal microbiomes have 
been demonstrated in recurrent cases of CDI associated 
with antibacterial drug use (9). This defect is also noted in 
obese patients and those with IBD (23). The similarities 
in alterations of normal microbial symbiosis in both IBD 
and obesity may explain why obese patients may be at 
risk for acquiring CO CDI. Greenblum et al analyzed fe-
cal samples from a cross section of volunteers and exam-
ined gene-level and network-level topological differences 
in intestinal microbiomes associated with obesity and  
IBD. Obesity and IBD were linked with enzyme level 

variations and topographical changes, suggesting low di-
versity environments (23).

Aside from the overall decrease in richness of phylo-
types of bacterial species, certain host conditions appear to 
be associated with specific changes in the intestinal micro-
biota and up or down-regulation of certain bacterial species. 
The development of CDI appears to be linked to the loss of 
the ability of the indigenous intestinal species to resist colo-
nization by additional invasive pathogens (9). In particular, 
a decrease in the relative proportion of the phylum Bacte-
roidetes to that of Firmicutes has been associated with CDI. 
Manges et al. found that these changes could be driven by 
antibacterial drugs and health care exposure (24). IBD and 
obesity manifest similar changes in the fecal microbial com-
munity (25). Obesity may provide a milieu with increased 
susceptibility for invasion and infection by C. difficile.

Higher BMI has been associated with a greater chance 
by trauma patients of acquiring health care–associated 
infections, including CDI. In a recent retrospective case 
control study, Bishara et al. demonstrated a higher BMI 
in all hospitalized patients with CDI compared with inpa-
tient controls (p<0.001) (26). This observation was par-
ticularly notable because case-patients and controls had 
above average BMIs, suggesting that there may be an even 
more drastic association in the general population. In ad-
dition, Bishara et al. noted this relationship between BMI 
and obesity without differentiation in the probable sites of 
acquisition (26). We were unable to show a difference in 
obesity between the CO and HO groups, implying that ei-
ther there is an inherent difference between patients with 
health care–associated onset and those with hospital onset, 
or that our study was not statistically powered to detect the 
association. Because we could show no notable differences 
between CO-HCFA and HO in regression analysis except 
for antibacterial drug use, we believe that our study was 
limited by our sample size.
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Table 1. Patient characteristics associated with cases of community onset, community-onset health care–associated, and health care 
onset cases of Clostridium difficile infections 

Characteristic 
Community onset, 

n = 59  
Community-onset health 
care–associated, n = 32  Health care onset, n = 41  p value 

Demographic traits     
 Mean age (range) 57.8 (22–96) 63.7 (23–95) 61.6 (21–96) 0.31* 

 Male sex, no. (%) 27 (46) 10 (31) 23 (56) 0.106 
Medication use, no. (%)     
 Prior antibiotic use 31 (52.5) 11 (34.4) 33 (80) <0.001 
 Antiulcer medication 24 (41) 18 (56) 19 (46) 0.363 
Physical status/illness, no. (%)     
 Obese (body mass index >30)  20 (34) 4 (13) 13 (32) 0.078 
 Immunocompromised† 14 (24) 11 (34) 11 (27) 0.551 
 Diabetes 14 (24) 9 (28) 7 (17) 0.519 
 Inflammatory bowel disease 10 (17) 1 (3) 1 (2) 0.018 
Required inpatient admission, no. (%) 41 (69) 29 (91) 39 (95) 0.002 
Average days stayed 7.7 8.2 18.6 <0.001 
Required intensive care unit stay 11 (27) 8 (28) 24 (61) 0.002 
*p value for 1-way analysis of variance. 
†Immunocomprised group included all malignancies, innate and acquired immune conditions such as HIV/AIDS, and congenital immune defects. This 
group excluded comorbidities listed separately. 
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Use of antiulcer medication has been identified as a 
risk factor for CDI in the community (27). There was no 
difference in the rate of antiulcer medication use among the 
3 subgroups in this cohort. This may reflect local prescrib-
ing practices of physicians, because inpatients and outpa-
tients were equally likely to be exposed to these medica-
tions. Case-patients who had HO CDI were more likely to 
have been in an ICU during the study admission. Overall, 
this trend and the increased incidence of prior antibacterial 
drug use in this group may represent a higher severity of 
illness in this cohort. The greater likelihood of nosocomial 
acquisition of disease could be caused by longer lengths 
of hospitalization (28). Most CO–HCFA case-patients had 
a history of prior hospitalization. Long-term facilities, day 
surgery centers, and outpatient hemodialysis sites appear 
to also serve as potential sites of increased transmission of 
CDI outside the hospital.

The main limitation of this study is related to the lack 
of data for true prevalence of risk factors in each group, 
because we compared cases with each other on the basis 
of the location of onset and not to controls. Hence, the 
trends observed require further validation with prospec-
tive analysis to establish whether there is a true associa-
tion between obesity and CDI as noted in the CO cohort. 
The analysis is also limited by the retrospective design 
and, as mentioned before, the relatively small sample size. 
In addition, data collection was dependent on chart ex-
traction, and hence dependent on provider documentation. 
Since cases were defined by patient samples with positive 
diagnostic assays, this study did not differentiate between 
patients who were colonized and those with active dis-
ease. This may have overestimated true disease preva-
lence, as has been demonstrated (29). However, because 
only non-formed fecal samples are accepted for analysis 
at our laboratory, it is likely that the majority of the cases 
represented true disease.

Conclusions
Translational research could help elaborate the dimen-

sions of the interaction of the intestinal microbiota with 
C. difficile in obese patients. It would also be of interest 

to establish if there is a dose response between BMI and 
risk for CDI acquisition. Further, it is critical to establish 
whether obesity is a risk factor for high rates of C. difficile 
colonization, as is IBD; if that risk factor is established, 
prospective observations would improve understanding of 
whether obesity plays a role in the acquisition of CDI, or 
alters severity of disease and risk for recurrence. Last, the 
examination of the CO–HCFA group in this study under-
scores the importance of increased infection control at an-
cillary health care facilities and surveillance for targeting 
high-risk patients who were recently hospitalized.
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Previous findings have suggested that the nosocomial 
transmission capacity of livestock-associated methicillin-
resistant Staphylococcus aureus (LA-MRSA) is lower than 
that of other MRSA genotypes. We therefore performed a 
6-month (June 1–November 30, 2011) nationwide study to 
quantify the single-admission reproduction number, RA, for 
LA-MRSA in 62 hospitals in the Netherlands and to com-
pare this transmission capacity to previous estimates. We 
used spa typing for genotyping. Quantification of RA was 
based on a mathematical model incorporating outbreak siz-
es, detection rates, and length of hospital stay. There were 
141 index cases, 40 (28%) of which were LA-MRSA. Con-
tact screening of 2,101 patients and 7,260 health care work-
ers identified 18 outbreaks (2 LA-MRSA) and 47 secondary 
cases (3 LA-MRSA). RA values indicated that transmissibil-
ity of LA-MRSA is 4.4 times lower than that of other MRSA 
(not associated with livestock).

Methicillin-resistant Staphylococcus aureus (MRSA) 
is one of the leading causes of nosocomial infec-

tions and leads to considerable illness, death, and health 
care costs (1,2). The worldwide epidemiology of MRSA 
has changed as MRSA originating in the community has in-
creased. These community-associated MRSA (CA-MRSA) 
strains are replacing their hospital-associated counterparts 
in hospitals in the United States; the major dominant clone 
is MRSA strain USA300 (3). In recent years, another 
MRSA clone, which originated in the community and is as-
sociated with exposure to livestock, has emerged in differ-
ent countries worldwide, including the United States (4,5). 
Even more worrying, countries with a historically low 

prevalence of MRSA, like the Netherlands and Denmark, 
have seen an increase in livestock-associated MRSA (LA-
MRSA), belonging to clonal complex 398 (5). In the Neth-
erlands, LA-MRSA accounted for 39% of all new MRSA 
isolated in 2011 (6). Yet almost all isolates have been de-
tected through screening, and in 2009, nine infections were 
caused by MRSA sequence type 398 (7). Invasive infec-
tions caused by LA-MRSA include endocarditis, osteomy-
elitis, and ventilator-associated pneumonia (8,9). 

It has been suggested that in the Netherlands, this 
MRSA genotype has a lower capacity than other genotypes 
for nosocomial transmission (10,11). The lower transmis-
sion rates might result from differences in human host 
characteristics or from a lack of pathogen adaptation to the 
human host, which could change over time (12). In a pre-
vious study in the Netherlands in 2005, we quantified the 
transmission capacity, expressed as the single-admission 
reproduction number per hospital admission, RA, and ob-
tained values of 0.16 for LA-MRSA and 0.68 and 0.98 for 
MRSA not associated with livestock (hereafter referred to 
as other MRSA) (10). We therefore performed a nation-
wide study to quantify RA for LA-MRSA in hospitals in the 
Netherlands and to compare this transmission capacity to 
our previous estimates.

Methods

Data Collection
Medical microbiologists and infection control practi-

tioners in all 91 hospitals in the Netherlands were contacted 
and asked to collect data concerning MRSA outbreaks and 
the results of subsequent contact screening retrospectively 
during June–August 2011 and prospectively during Sep-
tember–November 2011. A standardized Web page was 
used for data collection. An index case-patient was defined 
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as a hospitalized patient colonized or infected with MRSA 
and treated without use of barrier precautions. Age, sex, 
and number of days hospitalized from MRSA detection 
through discharge were obtained. According to the guide-
lines in the Netherlands, identification of a MRSA index 
case-patient initiates contact screening among contact pa-
tients and health care workers (HCWs) (13). The numbers 
of screened patients and HCWs and the number of second-
arily colonized patients and HCWs were obtained. A sec-
ondary case-patient was defined as a patient with MRSA 
with a spa type identical or related to that from the index 
case-patient, detected during contact screening of a patient 
or HCW. Newly identified MRSA carriers with MRSA spa 
types that were unrelated to that of an index case-patient 
were considered incidental findings. The study was ap-
proved by the medical research ethics committee of the 
University Medical Center Utrecht.

MRSA Genotyping
For all MRSA isolates, single-locus DNA sequencing 

of the repeat region of Staphylococcus protein A gene (spa 
typing) was performed by the national reference laboratory 
of the Netherlands (National Institute for Public Health and 
the Environment [RIVM]), as described (14), by use of the 
Ridom StaphType program (www.ridom.de) to allocate 
spa types. MRSA isolates were considered to be associ-
ated with livestock if they had a livestock-associated spa 
type: t011, t034, t108, t567, t571, t588, t753, t753, t779, 
t898, t899, t943, t1184, t1197, t1254, t1255, t1451, t1456, 
t1457, t2123, t2287, t2329, t2330, t2383, t2582, t2748, 
t2971, t2974, t3013, t3014, t3053, t3146, or t3208 (15–17). 
All other spa types were considered to not be associated 
with livestock. To identify potentially unknown livestock 
spa types, we used  Bionumerics 5.1 (Applied-Maths, Sint 
Maartens-Latem, Belgium) to create a spa-based minimal 
spanning tree  of spa types considered livestock-associated 
and the spa types of index cases (online Technical Appen-
dix Figure, wwwnc.cdc.gov/EID/article/19/11/12-1085-
Techapp1.pdf). Genes encoding for Panton-Valentine leu-
kocidin (PVL), LukS-PV, and LukF-PV were identified by 
the reference laboratory, as described (18).

Model
To estimate the strain-specific transmission capacity RA 

value, we used a previously described mathematical model 
based on queueing theory (19). RA is defined as the average 
number of secondary cases caused by 1 primary case (the in-
dex case) when other patients are susceptible during a single 
hospital admission of the primary case-patient (20). In this 
model, 3 rates determine the spread of MRSA in the hospital 
setting: the rate at which the MRSA strain spreads, the rate 
at which MRSA colonization of a patient is detected (e.g., 
microbiological cultures), and the rate at which a colonized  

patient can no longer be detected. The model predicts that the 
distribution of the number of patients colonized at the time 
of detection of the index case is geometrically distributed. 
The parameter of the geometric distribution of detected out-
break sizes was determined by using maximum-likelihood 
estimations. Small detected outbreak sizes could correspond 
to either low transmission potential or high detection rate.

Patients with MRSA remain colonized during their 
hospital stay; therefore, the infectious period ends at the 
time of discharge. Genotype-specific discharge rates were 
calculated from admission and discharge data for index 
case-patients admitted to participating hospitals during the 
study period. The detection rate was based on all blood, 
respiratory tract, and wound cultures conducted during 
2011 at the University Medical Center Utrecht. The upper 
detection limit consists of all these cultures divided by the 
total number of patient days in 2011. By combining the de-
tection and discharge rate with the parameter of geometric 
distribution, we could calculate RA. Details about the model 
are included in the online Technical Appendix. 

Statistical Analyses
Categorical variables were assessed 2-sided by us-

ing χ2 or Fisher exact tests, as appropriate; a cutoff value 
of p<0.05 was applied for significance. Continuous vari-
ables were analyzed by using the Mann-Whitney U test. 
Confidence intervals were calculated by using the profile-
likelihood method. To test whether our assumption of a 
geometrical distribution of the detected outbreak sizes is 
justified by the data, we performed the Anderson-Darling 
goodness-of-fit test. Data were analyzed by using SPSS for 
Windows version 20.0 (IBM Corp., Armonk, NY, USA). 
Further details about the statistical methods used are in-
cluded in the online Technical Appendix.
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Figure. Number of outbreaks and outbreak sizes (number of 
cases, excluding the index case). LA-MRSA, livestock-associated 
methicillin-resistant Staphylococcus aureus; other MRSA, MRSA 
not associated with livestock.
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Results
A total of 62 (69%) of the 91 hospitals in the Neth-

erlands participated in the study, yielding data for 372 
months of MRSA policy. During the 6-month study pe-
riod, 158 MRSA index case-patients were identified in 57 
hospitals, and none were identified in the other 5 hospitals. 
These numbers imply that, on average, in each hospital an 
index case was detected every 2.5 months. Two index case-
patients were excluded because subsequent contact screen-
ing was not performed, and 15 index case-patients were 
excluded because barrier precautions were implemented 
on the day of admission. For these 15 index case-patients, 
contact screenings of 55 patients and 293 HCWs had iden-
tified 1 MRSA-colonized HCW with an unrelated MRSA 
genotype. For the remaining 141 index case-patients, 9,361 
contacts (2,101 patients and 7,260 HCWs) were screened.

In total, 65 spa types were identified among the 141 
index cases; the most common were t011 (n = 25 [18%]), 
t008 (n = 12 [9%]), and t002 (n = 7 [5%]). A total of 40 
(29%) isolates had spa types indicative of LA-MRSA; the 
most prevalent were t011 (n = 25), t034 (n = 6), and t108 
(n = 6) (Table 1).

Luk-PV genes, indicative of PVL, were detected in 24 
(18%) of 131 isolates investigated, all categorized as not 
being LA-MRSA strains. Among 12 MRSA spa type t008 
isolates, PVL positivity was detected in 8 (67%) (Table 1), 
and among 10 (7%) MRSA isolates, the presence of PVL 
was undetermined.

Mean age among all index case-patients was 53  
years. Among patients with LA-MRSA and other MRSA 

genotypes, no significant differences were found except 
for sex (Table 2). Among index case-patients with LA-
MRSA genotypes, 83% were male, compared with 56% 
case-patients with other MRSA (p = 0.004). No statis-
tically significant differences were found in length of 
hospital stay (p = 0.222) and number of days in hospi-
tal without barrier precautions (p = 0.503) between in-
dex case-patients with LA-MRSA and patients with other 
MRSA genotypes (Table 2).

Among 141 postexposure screenings, MRSA car-
riers were identified for 18 (13%) case-patients, yield-
ing 39 newly identified colonized patients and 34 newly 
identified colonized HCWs with MRSA. Screening of 
index case-patients with LA-MRSA identified 15 (21%) 
carriers, and screening of index case-patients with other 
MRSA identified 58 (79%) carriers. Of these 73 MRSA 
carriers, 47 (64%) were colonized with a MRSA spa 
type that was identical to that of the corresponding index 
case-patient; 3 patients had spa types matching those of 
2 index case-patients with LA-MRSA, and 44 had spa 
types matching those of 16 index case-patients with oth-
er MRSA. Transmission of MRSA (i.e., outbreaks) was 
documented for 18 index patients; the largest outbreak 
consisted of 12 secondary cases (8 patients and 4 HCWs, 
spa type t1081), and most outbreaks (11 [61%] of 18) 
consisted of only 1 secondary case (Figure). Contact 
screening for 1 index case-patient with LA-MRSA (t011) 
revealed 1 outbreak consisting of 3 patients with a MRSA 
genotype (t067) that was not LA-MRSA. These newly 
identified cases of MRSA carriage were considered to 
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Table 1. Genotypes of MRSA from index and secondary case-patients, the Netherlands* 

spa-type No. (%) with PVL 
No. index case-patients, 

n = 141 
No. outbreaks, 

n = 18 
No. (%) secondary case-patients, 

n = 47 
LA-MRSA     

t011 0/24 25 1 2 (4) 
t034 0/5 6 0 0 
t108 0/5 6 1 1 (2) 
t899 0/2 2 0 0 
t2330 0/1 1 0 0 

Other MRSA     
t008 8/12 (67) 12 0 0 
t002 1/7 (14) 7 2 4 (2) 
t032 0/5 5 1 6 (13) 
t064 0/5 5 1 5 (11) 
t1081 0/3 5 3 14 (31) 
t688 0/3 4 0 0 
t038 1/3 (33) 3 1 1 (2) 
t267 0/3 3 0 0 
t001 0/1 2 0 0 
t018 0/2 2 0 0 
t179 0/2 2 1 1 (2) 
t447 0/2 2 1 1 (2) 
t1430 0/2 2 0 0 
t1469 0/2 2 0 0 
Singletons 14/42 (33)† 45 6‡ 12 (24) 

*PVL, Panton-Valentine leukocidin; MRSA, methicillin-resistant Staphylococcus aureus; LA-MRSA, livestock-associated MRSA. 
†PVL positive: t022, t040, t044, t054, t131, t311, t318, t437, t657, t690, t791, t852, t2815, t3523, t7277.  
‡spa types causing outbreaks: t003, t088, t311, t1399, t7277, t9634. 
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be not associated with the index case with an LA-MRSA 
genotype.

During 2011, a total of 6,819 blood, 4,828 respiratory 
tract, and 1,132 wound cultures were performed. For the 
upper limit of detection, we used only 1 culture per patient 
per day, yielding 11,903 relevant cultures, divided by the 
number of patient-days (241,319) (online Technical Ap-
pendix Table A).

The ratio between detection and discharge rates did 
not differ much between patients with LA-MRSA and 
other MRSA (online Technical Appendix Table A). The 
parameter for geometric distribution for LA-MRSA and 
other MRSA is also provided in the online Technical Ap-
pendix. There was no reason to reject the hypothesis of a 
geometrically distributed outbreak size for LA-MRSA; but 
the hypothesis was rejected for other MRSA (p<0.05).

Based on the genotype-specific ratio between detec-
tion and discharge rates, RA values were 0.43 (95% CI 
0.32–0.56), 0.12 (95% CI 0.03–0.31), and 0.52 (95% CI 
0.38–0.69) for all 27 genotypes, LA-MRSA, and other 
MRSA, respectively. According to these RA-values, the 
transmissibility of LA-MRSA was considered 4.4 times 
lower than that of other MRSA (0.12/0.52). The RA value 
for PVL-positive strains was 0.31 (95% CI 0.14–0.58).

Discussion
Using data from 62 hospitals in the Netherlands, 

comprising 372 months of MRSA policy, we determined 
that livestock-associated MRSA genotypes, compared 
with other MRSA genotypes, are 4.4 times less likely to 
spread in the hospital. Our findings in this study add sub-
stantial knowledge to findings from our previous study of 
hospitals in the Netherlands in 2005 (10,11). The current 
study included a larger cohort of hospitals and genotyping 
of all isolates. In our previous study, we compared smaI 
non-typeable MRSA to other MRSA genotypes without 
further genotyping. The genotyping demonstrates the het-
erogeneity in index cases with MRSA not associated with 
livestock. Moreover, in the current study, we collected 
more detailed patient information, such as admission and 
discharge dates and the number of days that index and 

secondary case-patients were treated without barrier pre-
cautions, which enabled more precise estimation of param-
eters. Absence of significant differences in age, length of 
hospital stay, or number of days not spent in isolation be-
tween index case-patients with LA-MRSA and those with 
other MRSA reduces the possibility that the differences in 
transmission capacity resulted from differences in patient 
characteristics. The only difference was that LA-MRSA 
index case-patients were more likely to be male, reflecting 
sex distributions among pig farmers and veal calf farmers.

For this study, we made several assumptions. First, 
no differentiation was made between patients and HCWs. 
Both are at risk for colonization with MRSA; however, 
infectious period and infectivity may differ. Second, all 
carriers were assumed to be equally infectious; whereas, 
superspreaders could play a major role in the transmission 
of MRSA in certain outbreaks. The consequences of these 
assumptions have been discussed in detail elsewhere (10). 

This study has several limitations. For this model to 
work, MRSA outbreaks must be rare and rigorous screen-
ing must be performed after the identification of an index 
case. If multiple outbreaks of the same genotype occur on 
the same ward, RA would be an overestimation. Here, spa 
typing was used to identify cases of transmission between 
index and secondary case-patients. Among LA-MRSA, 63% 
were spa type t011; whereas, other MRSA consist of many 
different spa types. The high prevalence of LA-MRSA in 
pig-dense areas combined with the homogeneity of spa types 
could lead to an actual overestimation of these transmission 
events (and the estimated RA values of LA-MRSA).

LA-MRSA comprise a well-defined set of spa types, 
most commonly t011, t034, and t108; whereas, other MRSA 
comprise a highly heterogeneous group with hospital-asso-
ciated genotypes and PVL-positive, community-associated 
genotypes (21). Almost 25% of all other MRSA were PVL 
positive, which is considered a characteristic of community-
associated MRSA. Although 25% seems high, the actual 
incidence of index case-patients with PVL-positive MRSA 
was 24 in 379 hospital months, comprising an average of 
1 index case per 16 months per hospital. In contrast to LA-
MRSA and hospital-associated MRSA, there are no estab-
lished risk factors in the Netherlands for colonization with 
CA-MRSA, and unknown carriers of these genotypes will 
not be screened when admitted to hospital (13). Although an-
other study from the Netherlands reported a high number of 
PVL-positive isolates in MRSA-colonized patients without 
risk factors as described in the national guidelines (13,22), 
our findings demonstrate that PVL-positive strains do not 
constitute a major risk for health care settings in the Nether-
lands because the introduction rate and the RA in the absence 
of barrier precautions (RA for PVL-positive strains 0.31, 95% 
CI 0.14–0.58) are low. Nevertheless, if admission rates in-
crease, outbreaks could emerge despite RA values <1 (20).

1800	 Emerging Infectious Diseases • www.cdc.gov/eid • Vol. 19, No. 11, November 2013

 
Table 2. Characteristics of index case-patients with LA-MRSA 
and other MRSA genotypes* 

Characteristic 
LA-MRSA, 

n = 40 
Other MRSA, 

n = 101 p value 
RA (95% CI) 0.12  

(0.03–0.30) 
0.52  

(0.38–0.69) 
NA 

Age, y 56 52 0.337 
Male, no. (%) 33 (83) 57 (56) 0.004 
Medial length of stay, d 13 10 0.222 
Median days not in 
isolation 

5 6 0.503 

*MRSA, methicillin resistant Staphylococcus aureus; LA-MRSA, livestock-
associated MRSA; RA, single-admission reproduction number; NA, not 
applicable. 
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spa type t1081 was associated with the highest num-
ber of outbreaks and with most secondary cases. This spa 
type has also been associated with outbreaks in nursing 
homes across the Netherlands. For spa type t1081, the 
MIC for cefoxitin (data not shown) is low (3 mg/L [range 
3–8 mg/L]), hampering laboratory detection during rou-
tine procedures, which might have contributed to the high 
number of secondary cases found with this spa type.

Whole-genome analyses of multiple sequence type 
398 S. aureus strains suggests that LA-MRSA originated 
from methicillin-susceptible S. aureus that crossed species 
barriers from humans to livestock, where it acquired resis-
tance traits (23). It has been hypothesized that the transi-
tion from humans to animals was associated with the loss 
of several human immune evasion genes, carried on phage 
φSa3, which may prevent human niche adaptation of LA-
MRSA (24). Whether this loss is associated with the lower 
RA remains to be determined.

The epidemiology of CA-MRSA in Europe differs 
markedly from that in the United States; >50% of commu-
nity-acquired S. aureus infections in Europe are caused by 
a few PVL-positive clones (25). There is a paucity of data 
on the nosocomial transmission capacity of CA-MRSA. In 
hospitals in the Netherlands, though, the estimated RA of 
CA-MRSA, consisting of a heterogeneous group of geno-
types, was estimated to be 0.07 (95% CI 0.00–0.28) (26), 
and in the hospitals participating in the present study, the RA 
value of PVL MRSA strains was 0.31, 95% CI 0.14–0.58. 
The differences between Europe and the United States re-
garding the epidemiology of PVL-positive CA-MRSA, 
therefore, remain unexplained.

Current guidelines in the Netherlands recommend 
MRSA screening for all patients with professional expo-
sure to livestock, and many hospitals treat such patients in 
isolation while screening results are pending (i.e., preemp-
tive isolation). In a previous multicenter study in the Neth-
erlands, we demonstrated the cost-effectiveness and safety 
of not preemptively isolating patients when using rapid di-
agnostic testing (27). That evaluation included all MRSA 
genotypes: LA-MRSA and other MRSA. The confirmation 
of the lower transmissibility of LA-MRSA (in combina-
tion with the low RA value) and the results of the previous 
study provide evidence that preemptive isolation may not 
be necessary for LA-MRSA, which would substantially 
enhance the feasibility of this highly successful infection 
control policy.
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CTX-M extended-spectrum β-lactamase (ESBL)–pro-
ducing Klebsiella pneumoniae isolates are infrequently re-
ported in the United States. In this study, we analyzed non-
duplicate ESBL-producing K. pneumoniae and Escherichia 
coli clinical isolates collected during 2005–2012 at a tertiary 
care medical center in suburban New York City, USA, for 
the presence of blaCTX-M, blaSHV, blaTEM, and blaKPC genes. 
Despite a high prevalence of blaCTX-M genes in ESBL-pro-
ducing E. coli since 2005, blaCTX-M genes were not detected 
in K. pneumoniae until 2009. The prevalence of CTX-M–
producing K. pneumoniae increased significantly over time 
from 1.7% during 2005–2009 to 26.4% during 2010–2012 
(p<0.0001). CTX-M-15 was the dominant CTX-M genotype. 
Pulsed-field gel electrophoresis and multilocus sequence 
typing revealed high genetic heterogeneities in CTX-M–pro-
ducing K. pneumoniae isolates. This study demonstrates 
the recent emergence and polyclonal spread of multidrug 
resistant CTX-M–producing K. pneumoniae isolates among 
patients in a hospital setting in the United States.

CTX-M enzymes are a group of class A extended-spec-
trum β-lactamases (ESBLs) that are rapidly spread-

ing among Enterobacteriaceae worldwide (1). Since the 
initial isolation of CTX-M-1 from a European patient in 
the late 1980s (2), >130 CTX-M allelic variants have been 
described (http://www.lahey.org/Studies/other.asp#table1). 
These CTX-M variants have been divided into 5 major 
phylogenetic groups, CTX-M-1, CTX-M-2, CTX-M-8, 
CTX-M-9, or CTX-M-25 on the basis of their amino acid 
sequences (1,2).

During the past decade, CTX-M enzymes have be-
come the most prevalent ESBL enzymes in clinical  

Enterobacteriaceae isolates, especially in ESBL-produc-
ing Escherichia coli in Europe, Asia, and South America 
(1,3). By contrast, SHV- and TEM-type ESBL enzymes are 
primarily found in ESBL-producing K. pneumoniae and E. 
coli clinical isolates in North America (3). In the United 
States, CTX-M–like ESBL-producing Enterobacteriaceae 
was first reported in 2003, when CTX-M enzymes were de-
tected in 9 E. coli clinical isolates from 5 US states (4). The 
spread of CTX-M type ESBL in Enterobacteriaceae, how-
ever, was not appreciated until 2007 when a Texas study 
showed a high prevalence of CTX-M ESBL in E. coli clini-
cal isolates recovered during 2000–2005 (5). Since then, 
CTX-M–producing E. coli isolates have been documented 
in dispersed US geographic regions (3,6,7). CTX-M en-
zymes are now the predominant ESBL type in E. coli clini-
cal isolates in Texas (5), Pennsylvania (6), Illinois (8), and 
New York (9,10).

CTX-M–type ESBL enzymes have also been reported 
in the United States in some non–E. coli Enterobacteria-
ceae species, such as Klebsiella spp. (5,11,12), Proteus mi-
rabilis (5,11), Enterobacter spp. (5), Salmonella spp. (13), 
Shigella spp. (14), and Morganella morganii (5). Never-
theless, CTX-M–type ESBL have been principally detected 
and reported in E. coli clinical isolates. To date, <50 CTX-
M–producing K. pneumoniae isolates have been described 
in the United States, and the epidemiologic and microbio-
logical data provided have been limited (5,11,12,15–18). 
The implications of CTX-M–producing K. pneumoniae for 
laboratory detection, patient care, and public health in the 
United States remain to be elucidated.

In this study, we investigated the prevalence of SHV-, 
TEM-, and CTX-M–encoding genes in a large collection 
of ESBL-producing K. pneumoniae and E. coli clinical 
isolates from a tertiary care medical center in suburban 
New York City in Westchester County, New York, over an 
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8-year period (2005–2012). Microbiological characteristics 
of CTX-M ESBL-producing K. pneumoniae isolates were 
examined, and certain clinical/epidemiologic features of 
patients with these isolates were analyzed. 

Materials and Methods

Bacterial Isolates and Phenotypic Detection of ESBLs
Nonduplicate K. pneumoniae clinical isolates were re-

covered from patient specimens during January 2005–July 
2012 at the clinical microbiology laboratory of Westchester 
Medical Center. These included 208 blaKPC-negative non-
K. pneumoniae carbapenemase (non-KPC) ESBL-produc-
ing or third-generation cephalosporin-resistant K. pneu-
moniae isolates and 228 KPC (blaKPC-positive)–producing 
K. pneumoniae isolates. In addition, 163 nonduplicate ES-
BL-producing E. coli clinical isolates from the same period 
were also analyzed for comparison. Isolates were randomly 
selected to span the entire study year with an approximately 
equal number of isolates per quarter; only 1 isolate from 
each patient was chosen and tested. The center is a 643-
bed academic tertiary-care medical center in Westchester 
County, New York. The Institutional Review Board of 
New York Medical College approved this study.

The bacterial isolates were identified and evaluated for 
antimicrobial drug susceptibility with the MicroScan Walk-
Away 96 system (Siemens, Sacramento, CA, USA). ESBL 
production was phenotypically confirmed by a double-disk 
or broth microdilution method for suspected ESBL isolates 
according to the Clinical and Laboratory Standards Institute 
(CLSI) guidelines (19). The antimicrobial drug susceptibil-
ity of CTX-M–producing K. pneumoniae isolates against 
selected antimicrobial drugs was also assessed with stan-
dardized CLSI disk diffusion and Etest methods. Bacterial 
isolates were refrigerated on nutrient agar slants or were 
frozen (-80°C) in MicroBank cryovials containing 20% 
glycerol (Pro-Lab Diagnostics, Round Rock, TX, USA). 
For antimicrobial drug susceptibility testing of frozen iso-
lates, fresh subcultures were used per CLSI guidelines.

PCR Detection of blaCTX-M, blaSHV, blaTEM, and blaKPC Genes
For PCR, bacterial genomic DNA was extracted direct-

ly from colonies on nutrient slants or from fresh subcultures 
grown on Trypticase soy agar with 5% sheep blood (TSA 
II, BBL, Sparks, MD, USA) by boiling a dense suspension 
of an approximately no. 1 McFarland standard in sterile dis-
tilled water. As the DNA template in the PCR assays, 2–3 
μL of the boiled cell suspension was used. PCR amplifica-
tion of blaCTX-M, blaSHV, blaTEM, and blaKPC genes in K. pneu-
moniae and E. coli clinical isolates was performed by using 
a consensus primer pair specific to each type of β-lactamase 
as described (20–22). A multiplex PCR was developed and 
used for simultaneous detection of blaCTX-M (551 bp) and  

blaTEM (972 bp) genes. Two  PCRs  were performed for 
blaSHV-ESBL and blaKPC, respectively. PCRs were carried out 
by using the HotStart DNA polymerase master mix (QIA-
GEN, Germantown, MD, USA) with 30–35 cycles at an 
annealing temperature of 50°C for blaCTX-M and blaTEM, and 
52°C for blaSHV and blaKPC. PCR products were analyzed by 
agarose gel electrophoresis or by using the QIAxcel system 
(QIAGEN). The specificity of PCR amplicons on represen-
tative isolates was confirmed by DNA sequencing.

DNA Sequencing
For DNA sequencing, PCR products were purified by 

using the PCR Purification kit (QIAGEN) or the ExoSAP-
IT PCR Clean-up kit (Affymetrix, Cleveland, OH, USA), 
according to the manufacturer’s instructions. The purified 
DNA amplicons were sequenced by using an ABI Prism 
BigDye Terminator (version 1.1) cycle sequencing ready 
reaction kit on the ABI Prism 3730xl or ABI 3500xl DNA 
Analyzers (Applied Biosystems, Foster City, CA, USA) 
in-house, or by a commercial facility (GeneWiz, South 
Plainfield, NJ, USA). The CTX-M, TEM, and SHV gene 
sequences were compared with sequences in GenBank by 
using the NCBI basic local alignment search tool (www.
ncbi.nlm.nih.gov/BLAST).

Multilocus Sequence Typing
Multilocus sequence typing (MLST)  was performed 

by using primers and conditions as described by Diancourt 
et al. (23). PCR products from MLST were sequenced as 
described above. Allelic profiling and sequence types (STs) 
were determined by querying the K. pneumoniae MLST da-
tabase maintained by the Pasteur Institute (www.pasteur.fr/
recherche/genopole/PF8/mlst/Kpneumoniae.html).

Pulsed-field Gel Electrophoresis (PFGE)
Pulsed-field gel electrophoresis (PFGE) on CTX-M 

ESBL–producing K. pneumoniae isolates representing 
each CTX-M genotype was performed as described (24). 
The GelCompare II software, (version 2.0; Applied Maths, 
Austin, TX, USA) was used to calculate the Dice similarity 
coefficients and generate dendrograms by cluster analysis 
with the unweighted-pair group method using average link-
ages. Pulsotype designations were assigned at the ≥80% 
profile similarity level.

Results

CTX-M in ESBL-producing, non-KPC K. pneumoniae 
Clinical Isolates

Of the 121 ESBL-producing K. pneumoniae isolates 
originally recovered during 2005–2009, blaSHV and blaTEM 
genes were detected in 102 (84.3%) and 61 (50.4%) of 121 
isolates, respectively (Table 1). Overall, 25 CTX-M-type 
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ESBL K. pneumoniae were identified. However, none of 
the 81 K. pneumoniae isolates from 2005 through 2008 was 
positive for blaCTX-M genes. CTX-M–type ESBL was first 
detected in 2 (5.0%) of 40 K. pneumoniae isolates from 
2009. The prevalence of K. pneumoniae isolates carrying 
the CTX-M–encoding genes increased to 6 (17.6%) of 34 
in 2010 and 12 (34.3%) of 35 in 2011. The level remained 
high (27.8%, 5/18) in the first 7 months of 2012. Overall, 
only 2 (1.7%) of 121 ESBL-producing K. pneumoniae iso-
lates from 2005 through 2009 carried the blaCTX-M genes, 
compared with 23 (26.4%) of 87 isolates from 2010 through 
2012 (p<0.0001, Fisher exact test), indicating the rapid 
emergence and spread of CTX-M enzymes among ESBL-
producing K. pneumoniae clinical isolates since 2009.

CTX-M in ESBL-producing E. coli Clinical Isolates
One hundred sixty-three ESBL-producing E. coli clini-

cal isolates from 2005 through 2012 were analyzed by PCR 
for detection of blaESBL genes of the SHV, TEM, and CTX-M 
types (Table 2). Unlike the situation with K. pneumoniae, 
blaCTX-M genes were detected in ESBL-producing E. coli iso-
lated as early as 2005. Overall, 89 (54.6%) of 163 ESBL  
E. coli isolates from the 8-year period carried blaCTX-M genes. 
CTX-M was the leading ESBL type in all years examined 
except 2008. The blaCTX-M genes from 47 (52.8%) of 89  
CTX-M–producing E. coli isolates were sequenced.  
CTX-M-15 was determined in 45 (95.7%) of 47 CTX-M–
producing E. coli isolates analyzed. CTX-M-1 and CTX-
M-3 genotypes were each found in 1 ESBL E. coli isolate.

CTX-M in KPC-producing K. pneumoniae Clinical Isolates
Two hundred twenty-eight KPC-producing K. pneu-

moniae isolates from 2005 to 2012 were examined by PCR 
for detection of blaCTX-M genes. All K. pneumoniae isolates 
were positive for the blaKPC gene by PCR as described (22). 
None was positive for the blaCTX-M gene.

Clinical and Microbiological Characteristics of  
CTX-M–producing K. pneumoniae

Selected clinical/epidemiologic features of the 25 
patients with CTX-M ESBL–producing K. pneumonia 

and certain microbiological characteristics of the isolates 
are shown in Table 3, Appendix (wwwnc.cdc.gov/EID/
article/19/11/12-1470-T3.htm). Mean patient age was 56 
years, and 13 (52%) of the patients were male. Sixteen pa-
tients (64%) had bacteriuria. CTX-M–producing K. pneu-
moniae isolates were recovered from 13 (52%) patients 
within 72 hours of hospital admission; however, 18 (72%) 
of these patients had been hospitalized in the 8 months be-
fore the current admission.

The blaCTX-M genes from all 25 CTX-M ESBL–producing  
K. pneumoniae isolates from 2009 through 2012 were se-
quenced. CTX-M-15 was identified in 19 (76.0%) and was 
the dominant CTX-M genotype. The remaining 6 isolates 
were determined to be CTX-M-3 (n = 4), CTX-M-1 (n = 1), 
and CTX-M-2 (n = 1), respectively. Twenty-four (96.0%) 
had coexisting blaSHV β-lactamases, which were predomi-
nantly non-ESBL blaSHV-11 (n = 15) and blaSHV-1 (n = 5). 
Four additional K. pneumoniae carried ESBL-type blaSHV 
β-lactamases, including blaSHV-12 (n = 1), blaSHV-27 (n = 1), and 
blaSHV-28 (n = 2). Seventeen (68.0%) were positive for TEM-
type β-lactamases, and all were confirmed to be blaTEM-1.

The antimicrobial drug susceptibilities of CTX-M–
producing K. pneumoniae isolates are summarized in Table 
4. Of the 25 CTX-M–producing K. pneumoniae isolates ex-
amined in this study, only 12% (n = 3) and 36% (n = 8) of 
isolates were susceptible to ciprofloxacin and gentamicin, 
respectively. Low susceptibility rates were also observed 
for pipercillin/tazobactam (36%), tetracycline (20%) and 
trimethoprim/sulfamethoxazole (4%). Twenty-three of the 
25 (92%) isolates tested were susceptible to carbapenems. 
Notably, the 2 carbapenem-resistant K. pneumoniae iso-
lates (PK30 and PK107) carried blaCTX-M-3, blaSHV-11, and 
blaTEM-1. One of these K. pneumoniae isolates also showed 
resistance to colistin with an MIC of 64µg/mL. Both pa-
tients died of complications associated with bloodstream 
and respiratory tract infections. Three of 22 CTX-M–pro-
ducing K. pneumoniae isolates examined by Etest were 
nonsusceptible to tigecycline (MICs 3 µg/mL, 3 µg/mL, 
and 8 µg/mL).

All 25 CTX-M–producing K. pneumoniae isolates ex-
amined were resistant to cefotaxime, and all but 1 isolate 
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Table 1. Detection of blaESBL genes of the SHV, TEM, and CTX-M types in 208 ESBL-producing Klebsiella pneumoniae clinical 
isolates, 2005–2012* 

Year No. isolates tested 
No. (%) positive isolates 

CTX-M type (no. isolates) blaSHV blaTEM blaCTX-M 
2005 22 20 (90.9) 7 (31.8) 0  
2006 21 15 (71.4) 11 (52.4) 0  
2007 17 11 (64.7) 10 (58.8) 0  
2008 21 19 (90.5) 10 (47.6) 0  
2009 40 37 (92.5) 23 (57.5) 2 (5.0) CTX-M-15 (2) 
2010 34 31 (91.2) 9 (26.4) 6 (17.6) CTX-M-15 (4), CTX-M-2 (1), CTX-M-3 (1) 
2011 35 32 (91.4) 13 (36.1) 12 (34.3) CTX-M-15 (9), CTX-M-3 (2), CTX-M-1 (1) 
2012 18 16 (88.9) 8 (44.4) 5 (27.8) CTX-M-15 (4), CMX-M-3 (1) 
Total 208 181 (87.0) 91 (43.8) 25 (12.0)  
*ESBL, extended-spectrum -lactamase. 
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showed higher MICs of cefotaxime than of ceftazidime. 
The 50% minimum inhibitory concentration (MIC50) for 
cefotaxime among these isolates was >256 µg/mL. By 
contrast, the MIC50 and 90% inhibitory concentration for 
ceftazidime were 16 µg/mL and 128 µg/mL, respectively. 
Two CTX-M–producing K. pneumoniae isolates (8.0%) 
were susceptible (MIC ≤4 µg/mL) and 5 isolates (20%) 
were intermediate in susceptibility (8 µg/mL) to ceftazi-
dime according to the 2010 revised CLSI breakpoints 
(Figure 1). In addition, we determined the susceptibilities 
of 22 CTX-M–producing K. pneumoniae isolates against 
cefotaxime and ceftazidime by using the standard disk dif-
fusion method. All CTX-M–producing K. pneumoniae iso-
lates examined were resistant to cefotaxime by disk diffu-
sion (mean inhibitory zone size 8.3 mm; range 6–13 mm). 
Two of these isolates were susceptible (≥21 mm) and 5 
had intermediate (18–20 mm) susceptibility to ceftazidime 
by disk diffusion (Table 3, Appendix). The disk diffusion 
results showed a category agreement with the Etest MIC 
of 100% for cefotaxime and 90.9% for ceftazidime with 2 
minor errors.

PFGE and MLST Analysis of CTX-M–producing  
K. pneumoniae

Of 17 representative CTX-M–producing K. pneumoni-
ae isolates analyzed by PFGE, 8 different pulsotypes (PF1–
8) were identified with Dice coefficients of ≥80% similarity 
(Figure 2). Ten of 17 K. pneumoniae isolates examined be-
longed to 3 major groups (PF3, PF4, PF5) with 3–4 isolates 
in each group. The remaining pulsotypes contained only 1 
or 2 K. pneumoniae isolates. No clear temporal relationship 
was shown among the highly related isolates.

MLST was performed on 18 CTX-M–producing 
K. pneumoniae isolates. These isolates were selected to 
represent different CTX-M genotypes, pulsotypes, anti-
microbial susceptibility profiles, and years of isolation. 
Twelve STs were recognized for the K. pneumoniae iso-
lates examined (Table 3, Appendix). Notably, all 3 CTX-
M group 1, non–CTX-M-15 K. pneumoniae isolates ana-
lyzed (KP38, PK107, and PK135) had ST11, whereas 10 

different STs (ST15, ST16, ST17, ST48, ST147, ST252, 
ST258, ST280, ST392, and ST437) were identified for 
the 14 CTX-M-15 K. pneumoniae isolates. Isolate F351 
was the only non–CTX-M-1 group K. pneumoniae iso-
late identified in this study and was determined to be a 
separate group (ST792) by MLST. Of the 14 CTX-M–
producing K. pneumoniae isolates evaluated simultane-
ously by DNA sequencing, PFGE and MLST, a high ge-
netic divergence was demonstrated by the detection of 4 
CTX-M genotypes (CTX-M-1, CTX-M-2, CTX-M-3, and 
CTX-M-15), 8 pulsotypes (PF1–8) and 11 STs (ST11, 
ST15, ST16, ST17, ST48, ST147, ST252, ST280, ST392, 
ST437, and ST792) (Figure 2).

Discussion
CTX-M ESBL–producing E. coli, especially ST131 

strains, have emerged in recent years in several US states 
(5–7,25,26). In this study, we detected blaCTX-M genes in 
ESBL-producing E. coli strains isolated from patients at 
a tertiary care medical center in suburban New York City 
as early as 2005. Eighty-nine (54.6%) of 163 ESBL-pro-
ducing E. coli isolates in the study period (2005–2012) 
carried blaCTX-M. Our findings confirm the emergence and 
dominance of CTX-M enzymes in ESBL-producing E. coli 
since the mid-2000s in the New York City metropolitan 
area (9,10). 

Despite this high prevalence of CTX-M in ESBL-pro-
ducing E. coli since 2005, none of 81 ESBL-producing K. 
pneumoniae isolates recovered from patients at the same ter-
tiary care medical center from 2005 through 2008 was posi-
tive for blaCTX-M. CTX-M–type ESBL was first detected in K. 
pneumoniae isolates from our institution in 2009. The per-
centage of K. pneumoniae isolates carrying blaCTX-M has in-
creased significantly since then. During 2010–2012, blaCTX-M 
genes were identified in 23 of 87 (26.4%) ESBL-producing 
K. pneumoniae isolates. These data demonstrate the rapid 
emergence and spread of CTX-M ESBL–producing K. pneu-
moniae in our patients. To date, CTX-M–producing K. pneu-
moniae has been recognized in several US states, including 
Texas (2004–2007, n = 11) (5,12), Nebraska (2005, n = 1) 
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Table 2. Detection of blaESBL genes of the SHV, TEM, and CTX-M types in 163 ESBL-producing Escherichia coli clinical isolates, 
2005–2012 

Year 
No. isolates 

tested 
No. (%) positive isolates 

CTX-M type (no. isolates/total no. isolates sequenced) blaSHV blaTEM blaCTX-M 
2005 20 6 (30.0) 4 (20.0) 7 (35.0) CTX-M-15 (5/5) 
2006 16 1 (6.3) 3 (18.8) 16 (56.3) CTX-M-15 (6/6) 
2007 24 4 (16.7) 9 (37.5) 10 (50.0) CTX-M-15 (4/6), CTX-M-1 (1/6), CTX-M-3 (1/6) 
2008 20 5 (25.0) 10 (50.0) 6 (30.0) CTX-M-15 (5/5) 
2009 22 0 (0) 12 (54.5) 13 (59.1) CTX-M-15 (5/5) 
2010 20 1 (5.0) 9 (45.0) 13 (65.0) CTX-M-15 (6/6) 
2011 21 3 (14.3) 9 (42.9) 11 (52.3) CTX-M-15 (8/8) 
2012 20 2 (10.0) 10 (50.0) 13 (65.0) CTX-M-15 (6/6) 
Total 163 22 (13.5) 66 (40.5) 89 (54.6)  
*ESBL, extended spectrum -lactamase. 
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(15), Pennsylvania (2007, n = 5) (11), and 1 isolate in 2007 
each from California, Massachusetts, Michigan, New Jersey, 
New York, Washington, and Wisconsin (12). In addition, 
a few CTX-M K. pneumoniae isolates have been reported 
from 2 collections of the SMART surveillance program with 
isolates recovered during 2008–2009 (16) and 2009–2010 
(18). No CTX-M was detected in US ESBL-producing K. 
pneumoniae isolates collected before 2000 (3), with all 
CTX-M–producing K. pneumoniae isolates recovered from 
US patients in or after 2004. Therefore, we speculate that 
the emergence and spread of blaCTX-M in K. pneumoniae are 
recent evolutionary events that most likely occurred in the 
mid- to late-2000s in the United States.

The particular CTX-M enzyme type in ESBL-pro-
ducing K. pneumoniae and E. coli varies geographically. 
CTX-M-15, which belongs to the CTX-M-1 group, is the 
most prevalent CTX-M allele with a worldwide distribution 
(1,2,26). CTX-M-14, which belongs to the CTX-M-9 group, 
is another common variant that is highly prevalent in some 
European and Asian countries (27–30), whereas CTX-M-2 
in the CTX-M-2 group and CTX-M-8 seem to be dominant 
in South America (1,31). In the United States, CTX-M-15 
is the most frequently detected genotype among CTX-M–
producing K. pneumoniae isolates, followed by CTX-M-14 
(5,11,12). CTX-M-2 group and CTX-M-8 group ESBL-pro-
ducing K. pneumoniae each was identified in 1 isolate (16).

Our data provide strong evidence for the recent, rapid 
emergence, and polyclonal spread of the CTX-M-1 group, 
especially CTX-M-15 ESBL-producing K. pneumoniae 
in a US hospital setting. In this study, 24 (96.0%) of 25  
blaCTX-M-positive K. pneumoniae were categorized as 
group 1 CTX-M, including isolates encoding CTX-M-15 
(n = 19), CTX-M-1 (n = 1), and CTX-M-3 (n = 4). Simi-
larly, group 1 CTX-M was detected in 47 (100%) of 47  

blaCTX-M-positive E. coli isolates. In addition, 1 K. pneu-
moniae isolate had the CTX-M-2 genotype. No CTX-M-14 
was detected in these K. pneumoniae and E. coli isolates. 
CTX-M-14 has been reported in E. coli ESBL isolates in 
several US states, including geographically adjacent Penn-
sylvania (6). CTX-M-14 has also been reported in K. pneu-
moniae isolates in the Calgary Healthcare Region of Cana-
da (32). Why CTX-M-14 is absent in the ESBL-producing 
E. coli and K. pneumoniae isolates from the New York, 
NY, metropolitan area is unknown. Because CTX-M-15–
producing K. pneumoniae isolates may exhibit significantly 
higher resistance rates to ciprofloxacin and pipercillin-tazo-
bactam than CTX-M-14–producing isolates (27,28), CTX-
M genotypes and their antimicrobial drug profiles should 
be monitored among CTX-M–producing E. coli and K. 
pneumoniae isolates in regions where they are emerging.

We investigated the genetic relatedness of CTX-M–
producing K. pneumoniae isolates by PFGE and MLST. Of 
the 17 representative isolates examined by PFGE, 8 differ-
ent pulsotypes were determined. Similarly, 12 MLST STs 
were identified for the 18 CTX-M–producing isolates ana-
lyzed. Our data, in combination with findings from other 
groups (1), suggest that CTX-M–producing K. pneumoniae 
isolates are genetically heterogeneous. The emergence and 
polyclonal spread of CTX-M–producing K. pneumoniae 
likely occurred among isolates with diverse genetic back-
grounds. This hypothesis contrasts with findings regarding 
KPC-producing K. pneumoniae: a clonal spread of KPC-
producing K. pneumoniae isolates belonging to the ST258 
lineage was observed by us (33) and Pournaras et al. (34). 
In clinical strains, CTX-M–encoding genes have common-
ly been located on plasmids that vary in size from 7 kb 
to 160 kb (2). Plasmid-mediated transmission of CTX-M 
genes in Enterobacteriaceae that involves several motile 
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Table 4. In vitro antimicrobial susceptibility of CTX-M ESBL-producing K. pneumoniae isolates, New York, 2005–2012* 

Antimicrobial agent No. isolates tested 
No. (%) susceptible 

isolates MIC50 MIC90 MIC range 
Cefoxitin 25 16 (64.0) 8 >16 <8–>16 
Cefotaxime† 22 0 >256 >256 16–>256 
Ceftazidime† 22 2 (9.1) 16 128 4–>256 
Pip/Tazo 25 9 (36.0) 64 >64 <16–>64 
Ertapenem 25 23 (92.0) <2 <2 <2–>4 
Meropenem† 22 21 (95.5) 0.094 0.125 0.047–2.0 
Imipenem† 22 20 (90.1) 0.25 1.5 0.19–6.0 
Ciprofloxacin 25 3 (12.0) >2 >2 <1–>2 
Amikacin 25 18 (72.0) <16 >32 <16–>32 
Gentamicin 25 8 (32.0) >8 >8 <4–>8 
Tetracycline 25 5 (20.0) >8 >8 <4–>8 
TMP/SMX 25 1 (4.0) >2/38 >/38 <2/38–>2/38 
Tigecycline†‡ 22 19 (86.4) 1 3 0.75– 8 
Colistin†§ 22 21 (95.5) 0.25 0.38 0.19–64 
*n = 25; MIC50; 50% minimum inhibitory concentration; MIC90, 90% minimum inhibitory concentration; Pip/Tazo, piperacillin/tazobactam; TMP/SMX, 
trimethoprim/sulfamethoxazole. MICs were determined by the MicroScan system, except for certain antimicrobial agents that were tested by Etest as 
specified. 
†MICs were determined by Etest. 
‡Susceptibility defined by Food and Drug Administration breakpoints. 
§Susceptibility defined by Clinical Laboratory and Standards Institute  breakpoints for Acinetobacter baumannii (19). 
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genetic elements has been described (2,35,36). Given the 
dominance of CTX-M-15 genotypes among genetically 
heterogeneous K. pneumoniae isolates, our study also im-
plies the probable horizontal transfer of a genetic element 
carrying blaCTX-M among K. pneumoniae isolates.

Of the 12 STs determined for the CTX-M ESBL–pro-
ducing K. pneumoniae isolates, ST11, ST15, ST17, ST48, 
ST147, and ST258 have been reported in CTX-M–positive 
K. pneumoniae in Spain, Hungary, or Korea (28,37,38). 
Among these, only ST17 was reported among CTX-M–
producing K. pneumoniae isolates in Canada (39). In this 
study, we determined the STs among CTX-M–producing 

K. pneumoniae in the United States and document the ex-
istence of 6 STs (ST16, ST252, ST280, ST392, ST437, 
ST792) in CTX-M–producing K. pneumoniae not previ-
ously described.

The CTX-M–producing K. pneumoniae isolates eval-
uated in this study showed several notable epidemiologic, 
clinical, and microbiological features. First, most CTX-
M–producing isolates were recovered from patients with 
bacteriuria, which is similar to that observed for infections 
caused by CTX-M–producing E. coli in New York, NY, 
(9,10). Although CTX-M–producing K. pneumoniae was 
isolated in clinical specimens collected within 72 hours of 
hospitalization in about half of the patients, 18 (72%) of 
25 patients had been hospitalized in the prior 8 months. 
This factor highlights the potential for acquiring CTX-
M–producing K. pneumoniae in health care settings and 
differs from the experience with CTX-M–producing E. 
coli that are associated with infections arising in the com-
munity setting unrelated to exposure to health care facili-
ties (26). Second, the CTX-M–producing K. pneumoniae 
study isolates exhibited high rates of resistance to genta-
micin (68%), trimethoprim-sulfamethoxazole (96%), and 
tetracycline (80%), in addition to resistance to ciprofloxa-
cin (88%) and pipercillin-tazobactam (64%) as described 
previously in Europe and Asia (27,28,37). Whether such 
high rates of resistance are associated with the domi-
nant spread of CTX-M-15–producing, rather than CTX-
M-14–producing, K. pneumoniae, in these patients is not 
known. The coexistence of CTX-M ESBL and TEM-1 
and SHV-type β-lactamases in these isolates may have 
also contributed to the observed high rate of antimicrobial 
drug resistance. All except 1 of our CTX-M–positive K. 
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Figure 1. MIC distribution for cefotaxime (CTX) and ceftazidime 
(CAZ) in CTX-M extended-spectrum β-lactamase–producing 
Klebsiella pneumoniae clinical isolates from a tertiary care medical 
center, in suburban New York, New York, USA, 2005–2012  
(n = 22). The MICs were determined by Etest.

Figure 2. Dendrogram of 
pulsed-field gel electrophoresis 
(PFGE) patterns showing 
the genetic relatedness of 
CTX-M extended-spectrum 
β-lactamase (ESBL)–producing 
Klebsiella pneumoniae isolates 
from patients in suburban New 
York, NY, USA (n = 17). Eight 
PFGE pulsetypes (PF1–8) were 
identified with ≥80% similarity, 
which is marked by the vertical 
line. The corresponding CTX-M 
genotype, sequence type (ST), 
if available, and year of isolation 
for each isolate are listed on the 
right side of the dendrogram.
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pneumoniae isolates produced SHV- and CTX-M–type 
ESBLs. These findings have clinical implications for se-
lecting empiric antimicrobial drug therapy when infection 
caused by ESBL-producing K. pneumoniae is suspect-
ed. The rapid emergence of such CTX-M–producing K. 
pneumoniae isolates, mainly in US hospitals, is also rais-
ing new concerns for public health and infection control 
practice. Third, none of the 228 KPC-producing K. pneu-
moniae isolates examined carried blaCTX-M. Coexistence of 
blaKPC and blaCTX-M has only been reported in KPC-produc-
ing K. pneumoniae in China (40). Whether certain genetic 
mechanisms prevent KPC-producing K. pneumoniae from 
acquiring blaCTX-M is unclear.

This study reveals the rapid emergence and polyclonal 
spread of CTX-M–producing K. pneumoniae in patients in 
Westchester County, New York. A limitation of our study 
is that the clinical isolates were collected from patients 
at a single tertiary-care medical center. Investigations of 
CTX-M–producing K. pneumoniae isolates from a variety 
of geographic regions should be undertaken to clarify the 
epidemiology and clinical and public health effects of the 
emergence of CTX-M–producing K. pneumoniae in the 
United States.
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The health care system in Papua New Guinea is frag-
ile, and surveillance systems infrequently meet international 
standards. To strengthen outbreak identification, health au-
thorities piloted a mobile phone–based syndromic surveil-
lance system and used established frameworks to evaluate 
whether the system was meeting objectives. Stakeholder 
experience was investigated by using standardized ques-
tionnaires and focus groups. Nine sites reported data that 
included 7 outbreaks and 92 cases of acute watery diar-
rhea. The new system was more timely (2.4 vs. 84 days), 
complete (70% vs. 40%), and sensitive (95% vs. 26%) than 
existing systems. The system was simple, stable, useful, 
and acceptable; however, feedback and subnational in-
volvement were weak. A simple syndromic surveillance 
system implemented in a fragile state enabled more timely, 
complete, and sensitive data reporting for disease risk as-
sessment. Feedback and provincial involvement require im-
provement. Use of mobile phone technology might improve 
the timeliness and efficiency of public health surveillance.

Papua New Guinea has been described as a fragile state 
(1). Health care systems in such settings are charac-

terized by limited infrastructure, lack of equity, manage-
ment capacity issues, and inadequate disease information 
(1). In Papua New Guinea, insufficient investment by 
government, weak management and leadership capacity, 
and an inadequate number of health care personnel play a  

crucial role in the suboptimal performance of the health 
care system (2). Despite these limitations, the country is 
working toward reaching the minimum requirements of 
disease surveillance for the International Health Regula-
tions (IHR 2005) (3).

Health indicators for Papua New Guinea illustrate 
some of the country’s challenges: 87% of the population 
lives in rural areas, the number of primary health care facil-
ities has decreased by 40% over 20 years (2), and only 3% 
of roads are paved. The average life expectancy is 53 years, 
and the maternal mortality rate of 733/100,000 live births is 
likely underestimated. Communicable diseases remain the 
primary causes of illness and death in all age groups, and 
outbreaks are frequently reported. Lack of health system 
access and preparedness are particular problems in remote, 
rural settings (4,5), whereas migration to informal, periur-
ban settlements and weak infrastructure have been identi-
fied as risk factors for disease outbreaks in urban areas (6). 
When compared with other countries in the region, Papua 
New Guinea often sees more severe effects from outbreaks 
of commonly occurring pathogens, particularly in remote 
settings (4,7–11). Special populations, such as internally 
displaced persons, may be particularly vulnerable to dis-
ease outbreaks.

The Papua New Guinea National Health Information 
System (NHIS) monitors trends for public health syn-
dromes (12); in recent years, the Hospital Based Active 
Surveillance (HBAS) system has been the cornerstone of 
surveillance for suspected cases of measles, poliomyeli-
tis, and neonatal tetanus (13). However, the surveillance 
system for diseases targeted for elimination or eradica-
tion is not achieving globally established performance 
targets (14), and systems for the timely monitoring of en-
demic diseases, such as diarrheal diseases, are also weak 
(15). Syndromic surveillance offers a useful adjunct to  
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diagnosis-based disease surveillance in developing coun-
tries (16) and has recently been successfully implement-
ed in the Pacific region (17). These systems can be used 
to detect outbreaks early, to follow the magnitude and 
geographic distribution of outbreaks, to monitor disease 
trends, and to provide reassurance that an outbreak has 
not occurred (1).

The use of mobile technology to support the achieve-
ment of health objectives has the potential to transform ser-
vice delivery globally (18). Electronic reporting of infec-
tious disease surveillance data has been shown to improve 
both timeliness and completeness of reporting (19). Health 
information systems are potential benefactors of mobile 
health solutions for accelerating vital event monitoring in 
the Asia-Pacific region (20). In recent years, greater com-
petition within the communications sector has dramatically 
increased mobile phone network coverage in Papua New 
Guinea (21). After the delayed detection of serious out-
breaks with high mortality rates in rural areas (4,5,9), in-
cluding an ongoing nationwide cholera outbreak for which 
the timeliness of surveillance was poor, Papua New Guinea 
health authorities piloted a mobile phone–based syndromic 
surveillance system (MOPBASSS) for timely outbreak de-
tection. We describe the system, evaluate its attributes, and 
determine whether it met its objectives.

Materials and Methods

System Descriptions

Health System
Papua New Guinea’s population is unevenly distrib-

uted among 4 regions; almost 40% of the population lives 
in the highlands region. The country’s 20 provinces operate 
within a decentralized health system (22). National health 
authorities have overall responsibility for health care policy 
and standards, providing technical advice, coordination of 
the health information system, health planning, and data 
systems (22). Primary health care is the responsibility of 
provincial governments, and provincial hospitals report to 
the national level (2). Health services are provided through 
a system of community aid posts, health centers and sub-
centers, and district and provincial hospitals, as well as a 
national referral hospital.

NHIS
Since 1989, national health authorities in Papua New 

Guinea have monitored the performance of the health sys-
tem by using the computerized NHIS (23). By 2002, this 
passive system was centrally managed and regarded as pro-
viding quality data for health care monitoring and planning, 
with links across all health system levels (12). Data rel-
evant to health management and disease control programs 

are collected monthly on paper-based health records from 
each health center and sent through the district health office 
to the provincial health office, where the data are entered 
into a database. The system then calculates percentages 
using census population data as denominators to provide 
analysis of disease outbreak and trends (12). Hard-copy 
and electronic data are sent to the national level, where they 
are re-entered and cleaned before being integrated into the 
national system. While reporting completeness is strong 
(24), data timeliness and accuracy are not (25).

HBAS System
Since the late 1990s, a hospital-based surveillance 

system has been in use in Papua New Guinea (13) and 
has monitored suspected cases of measles, neonatal teta-
nus, and acute flaccid paralysis (AFP). This zero-reporting 
system, in which designated reporting sites report even if 
there are 0 cases, is driven by surveillance officers from 
the provincial health authorities, who visit the provincial 
hospitals to review registers and discuss recent patient ill-
ness manifestations (signs and symptoms) with the treating 
clinicians. The forms are compiled monthly and become 
the documentary evidence to determine if surveillance tar-
gets are met and whether poliomyelitis can be excluded as 
the cause of AFP cases (13). The sensitivity of this system 
is suboptimal, and global performance targets are not rou-
tinely met (14).

Events-based Surveillance System
Information about events (e.g., disease outbreaks, 

clusters of deaths in humans or animals) that are a potential 
risk to public health is collected, verified, and assessed by 
using ad hoc reports transmitted through the health system 
but also by recording rumors and reports identified through 
informal channels. Documentation of risk assessments be-
gan in 2009.

MOPBASSS
The MOPBASSS used in Papua New Guinea was 

tested in 2 health centers in Port Moresby in 2010, then 
piloted nationwide during epidemiologic weeks 17–26 dur-
ing 2011. A 2-stage randomization process first selected the 
participating provincial, then district, outpatient settings (3 
provincial hospitals and 7 district health centers) to par-
ticipate as reporting sites. The pilot intervention included 
the provision of data collection tools, a 1-day on-site train-
ing, sample collection materials, guidelines, and mobile 
phones. Ethical approval to conduct the pilot was granted 
by the Medical Research Advisory Council of Papua New 
Guinea (MRAC 10.23).

The MOPBASSS information flow is detailed Figure 
1. Table 1 lists the system objectives and syndromes under 
surveillance.
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Public Health Event Detection
MOPBASSS data were extracted from the online da-

tabase, and analyses were performed to describe outbreak 
detection and user experience. Comparisons were made 
between MOPBASSS and the NHIS, HBAS, and measles 
laboratory databases and included the average reporting 
delay (in days), the completeness of reporting, and the 
number of measles cases (a frequently reported syndrome 
common to all 4 systems). The accuracy of data transcrip-
tion from forms to the database could only be measured 
at the site that provided usable data at the pilot evaluation 
meeting. Where no surveillance feedback bulletins were 
available to make data comparisons with existing systems 
at week 26, comparisons were made by using data from 
the next available bulletin so that data could be compared 
across all systems. Qualitative and quantitative meth-
ods were used to evaluate the system, using established 
frameworks (26,27).

Nine facilities submitted weekly data through  
MOPBASSS during the pilot phase. Clinical staff from the 

10 sites and public health staff from the 3 provinces partici-
pated in focus group discussions. Ten stakeholders (77%) 
completed the self-administered evaluation survey. Attri-
butes associated with public health event detection were 
defined as follows:

• �Sensitivity—the number of measles cases 
reported through MOPBASSS compared with 
the HBAS and NHIS.

• �Timeliness—the average number of days 
reporting delay through MOPBASSS compared 
with the NHIS.

• �Validity—the accuracy of the system to detect 
outbreaks, measured by comparing reports across 
systems, including laboratory surveillance data.

• �Data quality—the completeness of information 
recorded in the online database as reported by 
stakeholders compared with data in the paper-
based collection tool.

• �Representativeness—the extent to which the 
system accurately described the distribution of 
acute public health events in the population.

System Experience
Qualitative investigations were conducted to describe 

the system and stakeholder experience by using standard-
ized, self-administered questionnaires and stakeholder fo-
cus group discussions conducted by persons experienced 
in the methodology. Stakeholders included surveillance 
focal points from the 10 sites (outpatient nurse coordina-
tors and 1 pediatrician), disease control staff from the 3 
provincial health offices, and national surveillance staff. 
Data collection included information on training, the on-
line database, case investigation and diagnosis, reporting 
using mobile phones, and surveillance guidelines. At-
tributes associated with system experience were defined  
as follows:

• �Acceptability—the self-reported willingness of 
stakeholders to further engage with MOPBASSS, 
as well as indirect measures, including the 
timeliness and completeness of reporting.

• �Stability—the consistency of the system in 
providing access to public health intelligence, 
measured by the number of times the system was 
unable to provide access to data.

• �Usefulness—the extent to which stakeholders 
reported MOPBASSS contributes to public 
health.

• �Portability—user perceptions on how easily the 
system could be established in another setting.
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Guinea, 2011. SMS, short message service. 
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• �Costs—the US dollar amount to establish the 
   piloted system.

Results

Public Health Event Detection

Sensitivity
Using NHIS as reference, we found that MOPBASSS 

was more sensitive at detecting measles cases than the 
HBAS (95% vs. 26%) (Table 2). However, the low num-
ber of notifications for the condition “prolonged fever” in 
MOPBASSS compared with a similar syndrome (malaria) 
reported in the NHIS indicate the sensitivity for detection 
of this syndrome may be low.

Timeliness
The MOPBASSS average weekly reporting delay was 

2.4 (range 0–52) days (Figure 2), compared with 84 days 
for the NHIS. Of the 156 MOPBASSS weekly reports, 105 
(67%) were submitted on the expected Monday; of these, 
57 reports (37%) were submitted by the expected time of 
11:00 am . Seven sites (87%) received weekly feedback 
at least once in the 10-week pilot period; 1 site never re-
ceived feedback.

Validity
The limited microbiological investigation of acute 

public health events made it difficult to assess the absolute 
validity of the system. However, the laboratory confirma-
tion of dengue fever virus infection in patients that met the 
case definition for suspected dengue hemorrhagic fever 
(DHF) indicates the syndromic data for this condition in 
this time and place was valid.

Data Quality
Although data transcription from the paper-based 

data collection forms into the phone reporting template 
and transfer to the database was high quality (98% accu-
racy), data quality associated with the use of clinical case 
definitions was not as accurate. The proportion of weekly 
reports where 0 cases were notified for all syndromes de-
creased during the pilot, starting at 50% in the first weeks 
and declining to 15% by the last week of the pilot, which 
may indicate that clinicians became better at identifying 
or reporting syndromes. Few data-sending errors occurred, 
and verification processes ensured no outbreak investiga-
tions were instigated erroneously.

Representativeness
Because the participating surveillance sites were the 

referral health facilities within their respective districts, it 

is conceivable that only more severe public health events 
would be reported through these facilities. The 2-stage ran-
domization process to select participating sites and the num-
ber of participating sites provides some indication that the 
timeliness and completeness of reporting that was achieved 
through MOPBASSS may be generalizable to other prov-
inces. Given that nongovernment facilities in Papua New 
Guinea are frequently managed more effectively than their 
government-run counterparts, it is conceivable that this sys-
tem could function equally well in nongovernment health 
facilities.

System Experience

Acceptability
All stakeholders reported an interest to continue par-

ticipation; all but 1 stakeholder reported MOPBASSS was 
working effectively to detect acute public health events. 
Stakeholders reported the system was fast, simple, effec-
tive, and reliable and enabled the timely initiation of veri-
fication, assessment, and response processes. Participation 
in MOPBASSS was not associated with an excessive time 
burden, and the program complemented existing systems. 
Data management was considered simple; it is contracted to 
the private sector, which removes many person-dependent 
steps for health authorities. Timely access to data through 
the Internet-based database was beneficial for national 
staff, but data access was challenging for provincial staff. 
The high completeness of reporting through MOPBASSS 
(70% vs. 40% for HBAS) (Figure 2) and the timeliness and 
sensitivity of the new system may also reflect its acceptabil-
ity. The relative validity for outbreak reporting was high; 
all outbreaks that were identified through alternative sys-
tems were also identified through MOPBASSS. However, 
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Table 1. Objectives and targeted syndromes for mobile phone–
based syndromic surveillance system pilot, Papua New Guinea, 
2011 
System objectives 
 Identify acute public health events in a timely way 
 Provide reassurance when events are not identified during  
 an elevated risk period 
 Establish baseline data for syndromes of public health  
 importance 
 Strengthen links between clinical services and outbreak  
 response 
 Complement information generated through the event-based  
 reporting system 
Syndromes under surveillance 
 Influenza-like illness 
 Acute watery diarrhea 
 Bloody diarrhea 
 Prolonged fever 
 Acute flaccid paralysis 
 Acute fever and rash 
 Hemorrhagic fever 
 Outbreaks or clusters of unexplained severe disease or deaths 
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on several occasions, landline telephone or high-frequency 
radio might have been the preferred option for providing 
the initial report for selected conditions.

Stability
The system was highly stable during the pilot period, 

with no reported issues with the online database. The sub-
scriber identification module  card from 1 of the 10 mobile 
phones was misplaced, and reporting ceased at this site for 
6 months (week 13 to week 39) until it was reported, the 
card replaced, and the phone returned. This site also had the 
weakest mobile phone network coverage.

Usefulness
MOPBASSS data was largely used by national health 

authorities to support inferences about disease patterns that 
would not have been possible without it; however, stake-
holders reported these data were not widely used at the pro-
vincial level. Of the 8 clinical sites surveyed, most found 
feedback either very useful (62%) or useful (25%). Despite 
some issues with data accuracy, the system provided a cer-
tain degree of reassurance that cholera was not circulating 
at reporting sites during the nationwide outbreak and was 
considered a measure of the satisfaction of public health 
decision-makers within the national health authorities.

During the pilot program, MOPBASSS outputs were 
increasingly used for risk assessments at the weekly sur-
veillance meeting of the national health authorities. The 
system also facilitated international data reporting to re-
gional monitoring systems. Two weeks after training was 
conducted at the first established site, a case of hemorrhag-
ic fever was identified, reported, and investigated, which 
enabled the laboratory confirmation of 3 cases of DHF, 
which is rarely reported in Papua New Guinea. Similarly, a 
week after training at a district site, 3 persons meeting the 
case definition for AFP were identified and reported (not 
through the mobile phone system); <20 cases of AFP are 
reported annually from the 20 provinces. Of the 18 cases of 
suspected measles reported from provincial hospital sites, 
none were fully investigated.

Portability
Stakeholders perceived that the simplicity of the report-

ing system would likely contribute to its portability and that 

the system could easily be established among vulnerable 
populations, such as internally displaced persons or refu-
gees. The system could enable national health authorities to 
support provincial authorities to work with partners to rap-
idly establish postdisaster surveillance, particularly if data 
collection tools were integrated with those of the NHIS.

Costs
The pilot intervention cost approximately US$45,000, 

excluding staff costs. Half the cost was for software de-
velopment, including the phone template and secure on-
line database. The remaining costs were for investigation 
materials, mobile phones, and field missions to establish 
the system. There was no cost to the data provider and no 
requirement for phone credit.

Discussion
Creativity and flexibility are crucial when implement-

ing programs that overcome the obstacles and constraints 
within fragile states (1). Establishing MOPBASSS during 
the nationwide cholera outbreak in Papua New Guinea may 
have enhanced the program’s acceptability because the 
threat level and the perceived value of early detection were 
high, but the program’s attributes likely contributed. We 
have shown that MOPBASSS reporting was more timely, 
complete, and sensitive than reporting through existing 
systems. MOPBASSS reporting was simple, effective, reli-
able, and acceptable and enabled the routine, systematic, 
and ongoing reporting of syndromes of public health im-
portance from the district level.

Before the pilot, DHF fever was rarely reported in 
Papua New Guinea, despite frequent evidence of dengue 
transmission (28). While an association between training 
and the identification of DHF is not causal, it is likely that 
the surveillance training, the inclusion of hemorrhagic fe-
ver into a routine data collection, and the increased avail-
ability of rapid diagnostic tools contributed to the early 
identification and timely implementation of community 
level control measures during this outbreak. However, 
because DHF was not reported through the MOPBASSS, 
these findings highlight the importance of surveillance 
training more broadly rather than an advantage of MOP-
BASSS. In addition, the pre-positioning of dengue rapid 
diagnostic kits enabled a timely preliminary diagnosis 
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Table 2. Notifications for suspected measles cases during MOPBASSS pilot at 3 provincial hospitals, Papua New Guinea, May–
September 2011* 

Hospital 
Suspected measles notifications 

MOPBASSS (clinician based) HBAS (health office based) NHIS (clinician based) Fully investigated 
A 6 (100) 0 6 0 
B 11 (85) 4 (31) 13 0 
C 1 1 0 0 
Total 18 (95) 5 (26) 19 0 
*Values are no. (%). NHIS was used as reference. MOPBASSS, mobile phone–based syndromic surveillance system; HBAS, Hospital Based Active 
Surveillance system; NHIS, National Health Information System. 
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during the outbreak of dengue fever before confirmatory 
testing and may have demonstrated the utility of rapid 
tests as an adjunct to MOPBASSS.

The implementation of new surveillance systems can 
be associated with early confusion regarding clinical case 
definitions (29). During the MOPBASSS reporting pilot, 
problems were noted with the use of several case defini-
tions, including “prolonged fever,” which gave a lower 
than expected yield when compared with malaria notifica-
tions through the NHIS. Whereas establishing a functional 
weekly reporting system was the main priority for the pilot, 
diagnostic accuracy and appropriate use of case definitions 
can be strengthened through training (30) and should be an 
area of ongoing focus.

Regional measles elimination surveillance standards 
stipulate that >80% of measles cases should be fully in-
vestigated (31); however, Papua New Guinea investigates 
only ≈5% of suspected measles cases. Despite the ability 
of the MOPBASSS program to provide more timely data 
on suspected measles, including instant pop-up messages 
on phone screens reminding clinicians to investigate when 
selected conditions such as measles are reported, none of 
the measles cases identified during the pilot were fully in-
vestigated. Laboratory support to MOPBASSS when aber-
rations are detected requires strengthening and may benefit 
from greater involvement of subnational laboratory staff 
and the provision of rapid tests for selected conditions.

Geographic representativeness is particularly critical 
for outbreak detection systems in settings with dispersed 
populations and challenges to health system access and re-
ferral (32). Most (87%) of the Papua New Guinea popula-
tion lives in rural areas, where health system infrastructure 
and human resources can be limited in general and spe-
cifically for outbreak reporting (33). When the pilot com-
menced, cholera had spread widely across the country, but 
outbreaks had not been identified at participating sites (9). 
The system provided reassurance to national health authori-
ties that no acute watery diarrhea outbreaks were occurring 

because low case numbers were reported from participating 
sites during a multijurisdictional and unpredictable cholera 
outbreak.

Strong linkage between clinical and public health au-
thorities for outbreak detection is emphasized in the re-
gional strategy for strengthening preparedness for emerg-
ing diseases (34). Syndromic surveillance systems have 
demonstrated their capacity to strengthen linkage between 
clinical services and public health authorities (29). Such 
linkages are traditionally weak in Papua New Guinea (35), 
but participation in this pilot program appeared to bring 
these stakeholders into closer working relationships. MOP-
BASSS provided opportunities for outpatient nurse clini-
cians to demonstrate innovation, coordination, and leader-
ship capabilities in making the system work in each setting. 
These clinicians may be drivers of stronger collaboration 
on outbreak identification and response with subnational 
public health authorities. Improving the access to timely 
data by subnational staff will further reduce barriers to 
timely public health response and increase ownership of 
the system, a crucial step toward greater sustainability.

Our evaluation has several limitations. It was not in-
dependent, which could introduce measurement bias, and 
the short intervention period limited our ability to evaluate 
the flexibility and sustainability of the system. Establishing 
baseline data for syndromes of public health importance 
cannot be achieved in a short pilot but might possible with 
sustained MOPBASSS implementation to capture seasonal 
and cyclical trends and more informed interpretation of 
possible aberrations. Data accuracy was only measured at 
the site that provided data for transcription auditing, but the 
high accuracy at this site, combined with the user-reported 
simplicity of the reporting tools and the lack of transcrip-
tion errors identified during acute public health event veri-
fication processes, indicates that data accuracy problem did 
not affect system sensitivity. Contracting data management 
to the private sector is simple but can be expensive in a 
resource-limited setting, so the lack of cost-benefit analysis 
is also a limitation of our review.

The utility of health information systems to provide 
data in disasters is being investigated (36). We did not 
measure the flexibility of the system formally, but we 
believe little additional time, personnel, or funds would 
be required to accommodate future modifications, such 
as what types of data are collected and how many data 
providers are needed for increased population cover-
age and detection or tracking of low-frequency events.  
The potential for strengthening health information sys-
tems by using mobile phones is not limited to public 
health event detection; other programs may benefit from 
the timely sharing of key program data. Adapting the 
available technology to remotely load data collection tem-
plates would enable greater flexibility and would enable 
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Figure 2. Timeliness (black line) and completeness (white bars) of 
reporting for mobile phone–based syndromic surveillance system 
pilot program, Papua New Guinea, 2011.
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additional disease control programs to develop reporting 
templates for the same mobile device.

Outbreak identification systems that rely on clinician 
reporting have previously demonstrated their effective-
ness (37). Automated reporting may decrease the burden 
on health care and public health workers and enable more 
complete reporting of potential cases of public health im-
portance (16). Data reporting was successfully achieved in 
MOPBASSS for 2 main reasons: 1) the responsibility for 
reporting was given to the outpatient department setting 
that sees clinical cases and was coordinated by a designated 
leader, and 2) automated reporting system was simple and 
easy to use. Providing peripheral-level staff with regular 
feedback is universally recognized as strengthening sur-
veillance programs, as demonstrated by the positive influ-
ence of feedback on reporting completeness in the NHIS 
(24). Further consideration is required to ensure feedback 
can be improved to strengthen the system more consistent-
ly and explore how technology may facilitate this process.
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The source of human infection with Middle East respi-
ratory syndrome coronavirus remains unknown. Molecular 
investigation indicated that bats in Saudi Arabia are infected 
with several alphacoronaviruses and betacoronaviruses. 
Virus from 1 bat showed 100% nucleotide identity to virus 
from the human index case-patient. Bats might play a role 
in human infection.

Since Middle East respiratory syndrome (MERS) was 
described in September 2012, over 90 cases have been 

reported worldwide, 70 from Saudi Arabia. The incidence 
of infection with the causative agent, a betacoronavirus 
(MERS CoV) (1), has not been determined; however, the 
mortality rate among those who received clinical care is 
≈65% (2). Although instances of human-to-human trans-
mission have been documented between case-patients and 
others in close contact (including hospital patients sharing 
rooms, family members, and medical personnel), the sourc-
es of infection for most patients remain unknown. Because 
of sequence similarities between β-CoVs identified in bats 
and those of MERS CoV isolated from humans, a bat reser-
voir has been posited (3–5). Although neither detection of 
MERS CoV in bats nor contact of human MERS patients 
with bats have been reported, a role for bats in human in-
fection cannot be excluded because contact can be indirect 
(mediated through another animal vector or fomites).

The Study
In October 2012 and April 2013, three agencies col-

lected samples from bats in regions where MERS cases had 
been identified (Figure 1). The agencies are the Ministry of 
Health of Saudi Arabia, the Center for Infection and Im-
munity of Columbia University, and EcoHealth Alliance. 

During the October investigation, the team inter-
viewed the family of an index case-patient in Bisha and 
collected samples from bats <12 km from his home, in an 
abandoned date palm orchard, and <1 km from his place 
of employment, a hardware store that fronted a garden and 
date palm orchard. Although neither family members nor 
employees recalled seeing bats, the team observed roosting 
bats and guano in abandoned wells and ruins within 12 km 
of his home and insectivorous bats at dusk in the garden 
behind his store. Over 3 weeks, 96 bats representing 7 spe-
cies (Rhinopoma hardwickii, Rhinopoma microphyllum, 
Taphozous perforatus, Pipistrellus kuhlii, Eptesicus bot-
tae, Eidolon helvum, and Rosettus aegyptiacus) were cap-
tured in mist nets and harp traps, then released after visual 
speciation and collection of morphometric measurements; 
wing punch biopsy samples; blood; throat swab samples; 
and rectal swab samples or fecal pellets. Samples were col-
lected into viral transport medium or lysis buffer.

During the 3-week April investigation, fecal samples 
were collected on tarps laid out at bat roosting sites in and 
around Bisha, Unaizah, and Riyadh. Representative animals 
at each roosting site were captured, identified morphologi-
cally, and released after wing punch biopsy samples were 
collected for speciation by DNA analysis. Samples were 
collected into cryovials.
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Figure 1. Bat sampling sites and locations of home and workplace 
of index case-patient with Middle East respiratory syndrome, Bisha, 
Saudi Arabia.



All samples were stored in liquid nitrogen and con-
veyed to Riyadh for storage at −80°C before being trans-
ported to Columbia University in New York in dry nitro-
gen. The October 2012 shipment was inadvertently opened 
at customs in the United States and sat at room temperature 
for 48 hours before transfer to Columbia University; at ar-
rival, all samples had thawed. The April 2013 samples ar-
rived intact.

Total nucleic acid was extracted from samples by us-
ing the NucliSENS easyMAG system (bioMérieux, Dur-
ham, NC, USA) and subjected to 8 PCRs with primers and 
protocols designed to amplify regions within the helicase, 
RNA-dependent RNA polymerase (RdRp), and nucleo-
capsid or envelope proteins of CoVs (6–9). Products were 
sequenced and analyzed for similarity to GenBank data-
base entries by using the BLASTn and BLASTx programs 
(www.ncbi.nlm.nih.gov/blast/Blast.cgi). Primer sequences 
are shown in Table 1. The identity of bat species yielding 
specific viral products was determined by amplifying and 
sequencing a fragment of the cytochrome B gene (10). All 
visual classifications of species were confirmed except for 

that of T. perforatus bats. There is no reference sequence 
for T. perforatus bats in GenBank. However, because the 
closest reference sequence was from T. nudiventris bats, at 
84% identity we presume that the product represents bona 
fide T. perforatus bat cytochrome B gene sequence. Repre-
sentative cytochrome B sequences have been uploaded to 
GenBank (accession nos. KF498635–KF498641).

Table 1 indicates the CoV genera identified by using 
individual primer sets. As anticipated, pan-CoV assays de-
tected α- and β-CoVs. One assay specific for MERS CoV 
(9) also detected α-CoVs. This finding reinforces the need 
for sequence confirmation of PCR products. Table 2 indi-
cates the CoV species identified with respect to location, 
sample type, and bat species. CoV sequences were ampli-
fied from rectal swab samples or fecal pellets and from 
roost feces but not from serum, throat swab samples, or 
urine. α-CoV sequences were amplified more frequently 
than β-CoV sequences (223 vs. 4). Whereas α- and β-CoV 
sequences were amplified from CoVs from T. perforatus, 
E. helvum, and R. hardwickii bats, only alpha sequences 
were amplified from CoVs from P. kuhlii bat samples.

DISPATCHES
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Table	1.	PCRs	and	primers	used	in	CoV	detection* 

PCRs	(reference) Primers,	5′3′ 

Nested	fragment	size,	
region	(primer	locations	on	
the	reference	genome)† 

Type of 
CoV	(no.) 

Nested	pan-CoV-I 
(6) 

PLQ-F1,	CGTTGGIACWAAYBTVCCWYTICARBTRGG 400	nt,	RdRp	 
(18310–187450) 

α-CoV	(8),	
β-CoV	(1) PLQ-R1,	GGTCATKATAGCRTCAVMASWWGCNACATG 

PLQ-F2,	GGCWCCWCCHGGNGARCAATT 
PLQ-R2,	GGWAWCCCCAYTGYTGWAYRTC 

Nested	pan-CoV-II 
(7) 

WT-C0V-F1,	GGTTGGGAYTAYCCHAARTGTGA 430	nt,	RdRp	 
(15260–15700) 

α-CoV	(5),	
β-CoV	(2) WT-COV-R1,	CCATCATCASWYRAATCATCATA 

WT-COV-F2,	GAYTAYCCHAARTGTGAYAGAGC 
WT-COV-F3,	GAYTAYCCHAARTGTGAUMGWGC 

Hemi-nested	RdRp-
sequence	assay	(9) 

EMC-SeqRdRP-Rev,	GCATWGCNCWGTCACACTTAGG	 230	nt,	RdRp	 
(15048–15290) 

α-CoV	(2),	
β-CoV	(1) EMC-SeqRdRP-Fwd,	TGCTATWAGTGCTAAGAATAGRGC 

EMC-SeqRdRP-Rnest,	CACTTAGGRTARTCCCAWCCCA 
Hemi-nested	N-
sequence	assay	(9) 

EMC-SeqN-Fwd,	CCTTCGGTACAGTGGAGCCA	 280	nt,N	seq	 
(29,549–29,860) 

NA 
EMC-SeqN-Rev,	GATGGGGTTGCCAAACACAAAC 
EMC-SeqN-Fnest,	TGACCCAAAGAATCCCAACTAC 

Nested	CII-pan-
CoV-III 

NM-CoV-2F1,	ACWGTTCARGGICCWCCIGG 355	nt,	helicase	 
(17,060–17,410) 

β-CoV	(2) 
NM-CoV-2F2,	GTTCARGGGCCWCCGGGNAC 

NM-CoV-2R1,	GGCAGCTGWGCWGGRTCICCNACRTA 
NM-CoV-2R2,	AGCTGWGCWGGRTCGCCIACRTANAC 

Nested	CII-MERS-
RdRp 

NM-HCOV-F1,	GTGCTAAGAATAGAGCTCGCACT 
NM-HCOV-F2,	AGAGCTCGCACTGTTGCAGGC 

190	nt,	RdRp	 
(15068–15249) 

β-CoV	(1,	
MERS	
CoV) NM-HCOV-F2,	AGAGCTCGCACTGTTGCAGGC 

NM-HCOV-R1,	ACCCATAAGATGCGGATTATCAAC 
NM-HCOV-R2,	TGCGGATTATCAACATCTTTGTAC 

Hemi-nested	CII-
MERS	N	sequence 

NM-NSeq-F-1,	ACTTCCTTCGGTACAGTGGAGC 170	nt,	N	seq	 
(29545–29713) 

NA 
NM-NSeq-R-1,	GGCACTGTTCACTTGCAATC 
NM-NSeq-R-2,	GGAGGTTCAGACATTTGGTCT 

upE	and	ORF1b	
real-time	assays	(8) 

upE-Fwd:	GCAACGCGCGATTCAGTT	 Upstream of E gene and 
ORF	1b 

NA 
upE-Prb:	FAM-CTCTTCACATAATCGCCCCGAGCTCG-TAMRA 

upE-Rev:	GCCTCTACACGGGACCCATA 
ORF1b-Fwd:	TTCGATGTTGAGGGTGCTCAT 

ORF1b-Prb:	FAM-CCCGTAATGCATGTGGCACCAATGT-TAMRA 
ORF1b-Rev:	TCACACCAGTTGAAAATCCTAATTG 

*CoV,	coronavirus;	MERS,	Middle	East	respiratory	syndrome;	RdRp,	RNA-dependent	RNA	polymerase;	NA,	not	applicable;	ORF,	open	reading	frame. 
†Primer locations are based on human -CoV	2c	EMC/2012,	complete	genome	(GenBank accession	no.	JX869059). 
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CoV sequences were amplified from 220 of 732 roost 
feces samples and 7 of 91 rectal swab samples or fecal pel-
lets. A product obtained by PCR amplification of nucleic 
acid from a fecal pellet of a T. perforatus bat captured in 
October 2012 in Bisha showed 100% nt identity to the hu-
man β-CoV 2c EMC/2012 cloned from the index case-pa-
tient in Bisha. A phylogenetic analysis of CoVs obtained 
in this study is shown in Figure 2. CoV sequences have 
been uploaded in GenBank (accession nos. KF493884–
KF493888).

Conclusions
A wide range of CoV species are circulating among 

bats in Saudi Arabia. Although the prevalence of CoVs 
was high (≈28% of fecal samples), MERS CoV was found 
in only 1 bat. A 3.5% MERS CoV infection rate (n = 29; 
95% CI 0–20%) in T. perforatus bats is low compared 

with that for severe acute respiratory syndrome–like CoV 
in rhinolophid bats in China (10%–12.5%) but consistent 
with CoV prevalence among bats in Mexico (4). Further-
more, the sensitivity for viral nucleic acid detection in 
samples collected in October 2012 was probably reduced 
because of failure in cold chain transport. Whereas 219 
(32%) of 675 of fecal pellets collected in April revealed a 
CoV sequence by PCR, only 8 (5%) of 148 of rectal swab 
samples or fecal pellets collected in October were positive 
by the same assays. We were unable to recover additional 
sequences beyond the 190-nt RdRp fragment represented 
in Figure 2 but are confident in the fidelity of the finding. 
First, although RdRp is a conserved portion of the CoV 
genome, there is no precedent for 100% identity of a bat 
sequence with a human MERS CoV sequence. Second, 
when this work began we did not have cultured MERS 
CoV, human MERS samples, or MERS CoV cDNA in the 
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Table	2.	CoVs	detected	in	bats,	Saudi	Arabia* 

Bat	family,	genus,	
species Location 

No.	
bats 

No.	samples	tested	(no.	positive) Total	no.	
samples, 
n	=	1,003 

Total	no.	positive	samples, n = 
227	(closely	related	CoVs)† 

Throat 
swab	 

Fecal	
pellets Urine Serum 

Roost 
feces 

October	2012          
 Emballonuridae          
 Taphozous perforatus Bisha ruins 29 29	(0) 25	(2) 8	(0) 22 10	(1) 94 1	β-Cov (1	MERS	novel	CoV)	

and	2	α-CoVs (1	bovine	
respiratory	CoV, 1	Kenya	bat	

CoV	BtKY86) 
 Pteropodidae          
  Eidolon helvum Bisha	town	

center 
25 25	(0) 25	(5) 13	(0) 19 NA 82 1	β-Cov (1	Eidolon bat CoV-

HKU1)	and 4	α-CoVs	(4	Kenya	
bat	CoV	BtKY86) 

  Rousettus  
  aegyptiacus 

Bisha	town	
center 

3 3	(0) 3	(0) 1	(0) 2 NA 9 NA 

 Rhinopomatidae          
  Rhinopoma  
  hardwickii 

Naqi	and	
Old	Naqi 

36 36	(0) 35	(0) 4	(0) NA 15	(0) 90 NA 
 

  Rh. microphyllum Old	Naqi 1 1	(0) 1	(0) NA NA NA 2 NA 
 

 Vespertilionidae          
  Eptesicus bottae Bisha ruins 1 1	(0) 1	(0) 1	(0) NA 32	(0) 35 NA 

 
  Pipistrellus kuhlii Bisha ruins 1 1	(0) 1	(0) NA NA NA 2 NA 
April	2013          
 Rhinopomatidae          
  Rh. hardwickii Greater 

Bisha area 
NA NA NA NA NA 209	

(93) 
209 

 
2	β-Covs	(2	canine	respiratory	
CoVs)	and 91α-CoVs	(5	canine	
CoVs,	2	Miniopterus bat CoVs, 

84	Chaerephon bat CoV) 
  T. perforatus Bisha ruins NA NA NA NA NA 203	(0) 203 NA 
 Vespertilionidae          
  P. kuhlii Greater 

Unaizah 
area 

9 9	(0) NA NA NA 263	
(126) 

277 126	α-CoVs (69	alphaCoV	
P.kuh-Spain, 3	canine	CoVs, 
37	bat	CoV	P.pyg/Germany, 1	
human	CoV	NL63, 2	Rousettus 
bat	CoV	HKU10, 11	porcine 
epidemic	diarrhea	virus, 2	
Cardioderma bat CoVs, 1	

Hipposideros bat	CoV	HKU10) 
Greater 
Riyadh	
area 

5 5	(0) NA NA NA NA NA NA 

*CoV,	coronavirus;	MERS,	Middle	East	respiratory	syndrome;	NA,	not	applicable.	 
†Based on BLASTn	(www.ncbi.nlm.nih.gov/blast/Blast.cgi). 

 



laboratory at Columbia University where samples were 
removed directly from the tubes in which they were col-
lected in the field for nucleic acid extraction, PCR, and 
sequence analysis. Third, the only MERS-positive signal 
was obtained in PCR analysis of the T. perforatus bat cap-
tured in Bisha near the home and workplace of the MERS 
index case-patient used to generate the human β-CoV 2c 
EMC/2012 sequence.

Bats are reservoirs of several viruses that can cause hu-
man disease, including rabies, Hendra, Nipah, Marburg, se-
vere acute respiratory syndrome CoV, and probably Ebola 
viruses (11–14). Cross-species transmission from bats to 
humans can be direct, through contact with infected bats or 
their excreta, or facilitated by intermediate hosts (15). Bat 
CoVs are typically host specific; however, MERS-related 
CoVs have reportedly been found in many bat families, in-
cluding Vespertillionidae, Molosidae, Nyteridae, and now 
Emballonuridae (sheath-tailed bats) in Africa, the Ameri-
cas, Asia, and Europe. We sampled only a small sample 
of bats in Saudi Arabia. Nonetheless, given the rarity of 
MERS CoV sequences detected by our survey and the 
broad distribution of MERS cases throughout the Middle 

East, we speculate that there are probably other hosts. Fu-
ture work should investigate additional bat and other wild-
life species and domestic animals for CoV infection and 
potential linkage to human disease.
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Figure 2. Phylogenetic tree 
showing genetic relatedness 
between coronaviruses 
identified in bat samples from 
Saudi Arabia (boldface), 
MERS coronaviruses, and 
other published coronavirus 
sequences available in 
GenBank. The maximum-
likelihood tree of partial RNA-
dependent RNA polymerase 
gene (nt position 15068–15249 
of GenBank accession no. 
JX869059) was constructed 
by using the Tamura-Nei 
model with discrete gamma 
rate differences among sites 
as implemented in MEGA 5.2 
(www.megasoftware.net). Each 
branch shows the GenBank 
accession number followed by a 
brief description of the sequence 
used. Scale bar indicates 
nucleotide substitutions per site. 
MERS, Middle East respiratory 
syndrome; CoV, coronavirus; 
SARS, severe acute respiratory 
syndrome; KSA, Kingdom of 
Saudi Arabia. 
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An outbreak of hantavirus pulmonary syndrome oc-
curred in the Sobradinho Indian settlement of the Kayabí 
ethnic group in northern Mato Grosso during December 
2009–January 2010. We conducted a retrospective study 
to clarify the outbreak’s epidemiologic and clinical char-
acteristics.    Results suggest a relationship between the 
outbreak and deforestation and farming expansion in in-
digenous areas. 

Hantavirus pulmonary syndrome (HPS) was first identi-
fied in 1993 in the semi-arid southwestern region of 

the United States known as the Four Corners (1,2). This 
manifestation occurred in the form of an outbreak of the 
Sin Nombre virus in a community of Navajo Indians.

HPS is associated with American wild rodents of the 
family Cricetidae. Members of the the Sigmodontinae 
subfamily serve as rodent reservoirs of hantaviruses, and 
persons become infected mainly through inhaling rodent 
secretions and aerosolized excreta (3–5). Propitious eco-
logic conditions such as social, economic, and spatial fac-
tors facilitate the initiation and maintenance of the disease 
and determine its emergence (6–7).

In Brazil, areas of deforestation and environmental 
change, which have resulted from economic growth and 
agricultural production in the past 20 years, has had an 
effect on the number of HPS cases (8,9). In Mato Grosso, 
the first HPS cases were recorded in 1999 in the city of 
Campo Novo do Parecis, where the Castelo dos Sonhos 

and Laguna Negra viral strains were identified (9). Ac-
cording to the State Health Secretary of Mato Grosso, 203 
cases were registered from 1999 to 2010; the death rate 
was 42.8%.

An outbreak of identified HPS cases occurred in the 
Sobradinho Indian settlement of the Kayabí ethnic group 
within the Xingu Indigenous Park in northern Mato Grosso 
during December 2009–January 2010. We conducted a ret-
rospective study to clarify the epidemiologic and clinical 
characteristics of the outbreak.

The Study
The Xingu Indigenous Park was created in 1961 and 

occupies 2.9 million acres of the Amazon region in the 
state of Mato Grosso (10). In 2011, 1,331 persons lived in 
the park in 38 Indian settlements (11).

The Sobradinho Indian settlement is located in 
the far northern region of Mato Grosso (11°15¢30´´S,  
53°44¢53´´W), and the settlement is part of the Xingu In-
digenous Park (Figure 1). From the 1950s onwards, the 
Kayabí people started moving to the Xingu Indigenous 
Park and now currently reside in this Indian settlement (12).

We analyzed documents and also examined all the 
notification forms of patients with confirmed cases of 
HPS during December 2009–January 2010 who were 
likely infected in the Sobradinho Indian settlement, as 
well as all the documented records of the epidemiologic 
investigation from the office of the State Health Secre-
tary of Mato Grosso. Data from medical records were not 
used. The study was approved by the Committee of Ethics 
in Research.

Indigenous areas in Brazil were considered to be unaf-
fected by hantavirus until the beginning of February 2010, 
when serologic tests were performed on blood samples 
from 3 patients who lived in the Sobradinho Indian settle-
ment. We used ELISAs to test the samples for IgG with the 
specific antigen for Sin Nombre virus and for IgM with the 
Laguna Negra and Andes viruses.

The first notification that aroused suspicion of hanta-
virus infection occurred on January 12, 2010, in patients 
from the Sobradinho Indian settlement. The 33 samples 
collected during an epidemiologic investigation were test-
ed for hantavirus antibodies. Of the samples, 17 (51.5%) 
were from inhabitants of a single home (house 3) while the 
outbreak was being investigated. Of the 33 samples that 
underwent serologic testing, 17 (51.1%) were positive for 
hantavirus antibodies,9 (52.9%) were positive for IgM/
IgG, and 8 (47.1%) were positive only for IgG.

Of the 17 examined persons who lived in house 3, 11 
(64.7%) had positive serologic test results for hantavirus 
and survived: 7 (41.2%) had IgM/IgG antibodies, and 4 
(23.5%) had IgG antibodies. In addition, a member of this 
family (mother) died on January 11, 2010 (Figure 2).
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The other 6 infected persons who did not live in house 
3 would go to this house on a daily basis, and these per-
sons exhibited unspecified signs and symptoms. As a con-
sequence, they underwent serologic testing. Four tested 
persons were positive for IgG; 2 tested positive for IgM/
IgG (Figure 2). In the family with the deceased mother, a 
19-year-old girl and a 4-year-old boy were infected.

A 38-year-old woman, who lived with 7 patients with 
symptoms, died on January 11; she exhibited the same ini-
tial symptoms and reported insufficient breathing before 
her death. She received no assistance and was buried inside 
a hut in accordance with her cultural traditions.

Cases occurred equally in male and female patients.  
Patient ages ranged from 1 to 38 years, with an average 
of 13.7 years (Table 1). A total of 14 signs and symptoms 

were reported; thelargest proportions of patients experi-
enced fever (100%), dry cough (72.2%), and abdominal 
pain (66.7%) (Table 2). The clinical manifestations were 
recorded from December 30, 2009, through 28 January 28, 
2010. Thus, the interval between the cases did not exceed 
the disease incubation period, which may vary from 4 to 
55 days (7).

During this outbreak, pulmonary disease developed in 6 
patients, and 5 survived. The symptoms preceding the death 
of 1 patient were recorded by her husband, who drew atten-
tion to her breathing difficulty and intense sudoresis. These 
symptoms could have been signs of circulatory shock.

The time between the onset of the symptoms and 
hospitalization was, on average, 3.17 days (median3) 
(Table 2). The duration of hospitalization ranged from 
4 to 10 days, with a median of 4 days and an average of 
6.40. The death rate in this outbreak was 10% lower than 
the state rate (33.3%) and the national rate (44.4%) for 
2010 HPS outbreaks.

The hantaviruses known to circulate in this area are 
the strains Castelo dos Sonhos (in Oligoryzomys utiari-
tensisrats) and the Laguna Negra (in Calomys aff.callosus 
mice) (9,13–15). These are typically responsible for cases 
of HPS in Mato Grosso, in southern Pará State (Castelo dos 
Sonhos), and in the cities near the Xingu Indigenous Park. 
In the outbreak described here, no PCR or sequencing was 
done to confirm the strain.

In all of these cases, the home was the likely environ-
ment where infection occurred. However, other situations 
in which persons are at risk for infection include the fol-
lowing: harvesting  and transportation of grains (30.0%) on 
plantations, house cleaning in a wilderness area (100.0%), 
contact with wild rodents and their excreta (100.0%), and 
contact with persons with HPS (90.0%).
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Figure 1. Xingu Indigenous Park and the Sobradinho Indian 
settlement, Mato Grosso State, Brazil.

Figure 2. Genogram for residents 
of   house 3 and other persons 
infected during the hantavirus 
outbreak in the Sobradinho 
Indian settlement, January 2010, 
Mato Grosso State, Brazil. HPS, 
hantavirus pulmonary syndrome.



Patients have become infected during housecleaning, 
when hantavirusesin rodent excreta could have been swept 
into the air. This supposition is supported by the fact that 
the infection was detected in the woman who did the clean-
ing and in children and adolescents who were also in the 
house. Other risky situations include agricultural activities, 
the management and storage of grains, and the direct con-
tact with wild rodents and their excreta.

Conclusions
Disease awareness and information campaigns tar-

geted toward the prevention of hantaviruses in the Xingu 
Indigenous Park should be intensified, given the risk of 
the potential presence of infected rodents in other Indian 
settlements. As HPS has become recognized in Brazilian 
indigenous areas, new studies should be conducted to 
evaluate the serum prevalence among indigenous peo-
ples. Such surveillance will allow identification of the 
possible reservoirs and the prevalence of hantaviruses 
in the area.
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Table	2.	Interval	between	symptoms,		notification,	collection	of	the	first	serologic	tests,		hospitalization		and	duration	of hospitalizations		
for	patients	with	cases	of	HPS	in	the	Sobradinho	Indian	settlement,	Mato	Grosso	State,	Brazil,	January	2010* 
Interval,	d	 No.	patients Minimum Median Maximum Average SD CI CV 
Between symptoms and 
notification 17 3 43.00 53 35.65 18.76 26.00–45.30 52.64 
Between symptoms and first 
collection of for serologic testing 16 6 43.50 54 36.25 18.66 26.31–46.19 51.47 
Between symptoms and 
hospitalization	 6 3 3.00 4 3.17 0.41 2.74–3.60 12.89 
Duration	of	hospitalization 6 4 4.00 10 6.00 3.10 2.75–9.25 51.64 
*HPS,	hantavirus	pulmonary	syndrome;	CV,	coefficient	of	variance. 

 

Table	1.	Distribution	of	HPS	patients,	according	to	sex,	age,	criterion	of	confirmation,	hospitalization,	and	evolution	of	the	cases,	
Sobradinho	Indian	settlement,	Mato	Grosso	State,	Brazil,	January	2010* 
Characteristic No.	(%)	male No.	(%)	female No.	(%)	total 
Age,	y 

  <5 2	(22.2) – 2	(11.1) 
 5–10 3	(33.3 3	(33.3) 6	(33.3) 
 11–15 3	(33.3) 3	(33.3) 6	(33.3) 
 16– 20 1	(11.1) – 1	(5.6) 
 >20 – 3	(33.3) 3	(16.7) 
Criterion	of	confirmation  
 Laboratorial 9	(100.0) 8	(88.9) 17	(94.4) 
 Clinical	and	epidemiologic – 1	(11.1) 1	(5.6) 
Hospitalization  
 Hospital		stay 3	(33.3) 3	(33.3) 6	(33.3) 
 Observations at house I 2	(22.2) 3	(33.3) 5	(27.8) 
 Never	left	Indian	settlement 4	(44.4) 3	(33.3) 7	(38.9) 
Evolution    
 Cure 9	(100.0) 8	(88.9) 17	(94.4) 
 Death – 1	(11.1) 1	(5.6) 
Total 9	(50.0) 9	(50.0) 18	(100.0) 
*HPS,	hantavirus	pulmonary	syndrome;	–,	none.	Source:	Health	State	Secretary	of	Mato	Grosso,	2011. 
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During 1999–2010, the annual incidence of Campylo-
bacter spp. infection in Israel increased from 31.04 to 90.99 
cases/100,000 population, a yearly increase of 10.24%. Chil-
dren <2 years of age were disproportionally affected; inci-
dence in this age group (356.12 cases/100,000 population) 
was >26-fold higher than for the 30–<50 age group.

Campylobacter spp. have become the leading cause of 
foodborne infections in many industrialized countries, 

despite extensive control efforts (1). Recent studies sug-
gest that Campylobacter spp. infection in Israel may also 
be on the rise (2), in contrast to a substantial decrease in 
the incidence of Salmonella spp. infection, from 86.9 cas-
es/100,000 population in 1995 to 44.0 cases/100,000 popu-
lation in 2009 (3). We examined recent trends of Campy-
lobacter spp. infection in Israel, with a focus on age- and 
sex-specific rates of infection.

The Study
Campylobacteriosis is a reportable disease in Israel. 

Microbiology laboratories countrywide passively submit 
human isolates from all sources to the National Campylo-
bacter Reference Laboratory, Israeli Ministry of Health, 
Jerusalem, for confirmatory testing. Species are identified 
by using standard methods (4). The reporting system and 
laboratory methods did not change during the study period 
of January 1, 1999–December 31, 2010.

For this study, patients’ date of birth and sex were 
retrieved using special permission by using identification 

numbers, which were subsequently replaced by unique 
numbers to retain patient anonymity. An infection epi-
sode was defined as the isolation of Campylobacter spp. 
from a single patient from any clinical source. Annual 
incidence rates for the study period were calculated by 
dividing the number of annual infection episodes by the 
population size retrieved from the Israeli Bureau of Sta-
tistics (5). The average age-specific annual incidence rate 
was calculated on the basis of the 12 annual incidence 
rates obtained for the study period. Because incidence 
counts and rates follow a Poisson distribution, Poisson re-
gression models accounting for overdispersion were used 
to study annual trends of the incidence rate (dependent 
variable) for all isolates and for 2 major Campylobacter 
species, C. jejuni and C. coli; the calendar year was the 
independent variable. Poisson models were also used to 
study the effects of sex and age group on the incidence 
rates, adjusted for annual trends. All model effects were 
expressed by incidence rate ratio (IRR) and 95% CI. SAS 
software version 9.2 (SAS Institute, Cary, NC, USA) was 
used for all analyses. The study was approved by the As-
saf Harofeh Medical Center local ethics committee.

During the study period, the Campylobacter Reference 
Laboratory confirmed 47,253 episodes of Campylobacter 
spp. infection. Most (>99%) infections were C. jejuni 
(37,062 episodes, 78.43%) and C. coli (10,092 episodes, 
21.36%); the remaining <1% were C. fetus (25 episodes), 
C. upsaliensis (6 episodes), C. lari (2 episodes), or uniden-
tified species (66 episodes). Bacteremia was noted for 331 
(0.7%) episodes.

During the 12 study years, the annual incidence rate 
of all laboratory-confirmed Campylobacter spp. infection 
episodes increased 2.93-fold, from 31.04 to 90.99 cas-
es/100,000 population. A similar increase was observed 
for C. jejuni (2.87-fold, 24.59 to 70.54 cases/100,000) 
and C. coli (3.06-fold, 6.38 to 19.54 cases/100,000). The 
linear annual increase in the incidence rate for the entire 
study period was 10.24% (95% CI 8.46–12.06) for all epi-
sodes, 10.07% (95% CI 8.42–11.74) for C. jejuni episodes, 
and 10.73% (95% CI 8.19–13.33) for C. coli episodes. A 
sharp rise in the annual increase rate, from 8.22% (95% CI 
4.88–11.68) to 18.97% (95% CI 12.95–25.31), was noted 
between 1999–2006 and 2007–2010 (period I and period 
II) (Table).

Complete patient age and sex data were available for 
38,092 (80.63%) of all infection episodes, including 29,931 
(80.76%) C. jejuni infection episodes and 8,083 (80.09%) C. 
coli infection episodes. The annual incidence trends of Cam-
pylobacter spp. infection for the subgroup with complete 
demographic data were similar to those described for the en-
tire group. Further age- and sex-related analyses were com-
pleted for episodes for which complete demographic data 
was available. IRR was 1.36 (95% CI 1.22–1.52) for male 
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sex compared with female sex, adjusted for annual trends; 
similar elevated rates for male sex were found for C. jejuni 
(IRR 1.39, 95% CI 1.25–1.54) and C. coli (IRR 1.28, 95% 
CI 1.10–1.50) and for the 2 study periods (Figure 1; Table).

The age-specific average annual incidence rate formed 
an asymmetric, U-shaped curve. The highest average annual 
incidence rate occurred during the first decade of life (135.44 
cases/100,000 population), and more specifically, during 
the first and second years of life (363.39 and 348.80 cas-
es/100,000 population, respectively). The lowest average an-
nual incidence rate occurred in the fifth decade of life (12.82 
cases/100,000 population), with a slight increase toward the 
eighth decade of life (26.44 cases/100,000 population).

Six age groups were established for comparison of 
incidence rates; the age group of 30–<50 years was used 
as reference. The average annual incidence rate of infec-
tion in the age group 0–<2 years (356.12 cases/100,000 
population) was 26.27 (95% CI 18.70–36.99) times higher 
than for the reference group (13.63 cases/100,000 popula-
tion), adjusted for annual trends. Differences in incidence 
between the other age groups and the reference age group 
were smaller, ranging from an IRR of 1.42 (95% CI 0.92–
2.20) for the 50–<70-year group to an IRR of 5.50 (95% CI 
3.91–7.75) for the 2–<10-year age group. Similar IRRs for 
the respective age groups were found for infection caused 
by the 2 major Campylobacter species and throughout the 
study periods (Figure 2; Table).

Conclusions
We found a sharp increase in the incidence of Campy-

lobacter spp. infection in Israel, with rates tripling within 
just 12 years. This trend was observed for the 2 major Cam-
pylobacter species, C. jejuni and C. coli, and affected all 
age groups; the highest infection rates were seen during the 
first 2 years of life. Infection rates were substantially higher 
among children <2 years of age compared with rates for 
other Western countries (6,7) but were comparable to that 
reported for New Zealand (8). The difference in incidence 
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Figure 1. Annual incidence trends of laboratory-confirmed 
Campylobacter spp. infection, by species, Israel, 1999–2010.

 
Table. Incidence of Campylobacter spp. infection by study period,	sex,	and	age	group,	Israel	1999–2010 

Campylobacter species 
Incidence	rate	ratio	(95%	CI) 

Full	study	period,	1999–2010 Study	period	I,	1999–2006 Study	period	II,	2007–2010 
All Campylobacter spp.    
 Annual	trend* 1.10	(1.08–1.12) 1.08	(1.05–1.12) 1.19	(1.12–1.25) 
 Male sex† 1.36	(1.22–1.52) 1.37	(1.18–1.60) 1.35	(1.21–1.51) 
 Age group, y‡    

  0–<2 26.27	(18.68–36.96) 29.96	(18.96–47.33) 22.81	(13.49–38.59) 
  2–<10 5.50	(3.91–7.75) 5.86	(3.70- 9.28) 5.17	(3.05–8.75) 
  10–<30 2.34	(1.57–3.50) 2.29	(1.33–3.92) 2.40	(1.30–4.43) 
  50–<70 1.42	(0.92–2.20) 1.51	(0.85–2.70) 1.33	(0.67–2.63) 
  >70 1.81	(1.19–2.74) 1.81	(1.03- 3.16) 1.81	(0.95–3.43) 

C. jejuni    
 Annual trend* 1.10	(1.08- 1.12) 1.09	(1.06–1.12) 1.19	(1.12–1.26) 
 Male sex† 1.39	(1.25–1.54) 1.40	(1.23–1.61) 1.37	(1.21–1.55) 
 Age group, y‡    

  0–<2 28.42	(19.96–40.46) 31.42	(19.89–49.62) 25.45	(14.36–45.09 
  2–<10 6.04	(4.24–8.61) 6.29	(3.98–9.95) 5.78	(3.26–10.26) 
  10–<30 2.50	(1.66–3.77) 2.42	(1.42- 4.13) 2.58	(1.33- 4.99) 
  50–<70 1.42	(0.90–2.23) 1.40	(0.86- 2.74) 1.30	(0.62–2.75) 
  >70 1.70	(1.09–2.63) 1.73	(0.99- 3.05) 1.66	(0.81–3.37) 

C. coli    
 Annual	trend* 1.11	(1.08–1.13) 1.07	(1.01–1.12) 1.17	(1.12- 1.23) 
 Male sex† 1.28	(1.10–1.50) 1.27	(0.98–1.65) 1.29	(1.15–1.45) 
 Age group, y ‡    

  0–<2 20.16	(14.04–28.94) 25.57	(14.81–44.14) 15.86	(10.12–24.85) 
  2–<10 3.99	(2.77–5.73) 4.53	(2.61- 7.86) 3.55	(2.26–5.57) 
  10–<30 1.91 (1.24–2.95) 1.87	(0.97- 3.64) 1.94	(1.13–3.31) 
  50–<70 1.42	(0.90–2.25) 1.44	(0.72–2.90) 1.40	(0.79–2.48) 
  >70 2.09	(1.36–3.22) 2.03	(1.06- 3.91) 2.15	(1.27–3.64) 

*Per	year,	adjusted	for	study	years. 
†Reference: female 
‡Reference: 30–<50	y	age	group. 

 



between this and the other age groups, forming a U-shaped 
curve, is more characteristic of rates for developing coun-
tries and is believed to be indicative of repeated exposure 
to Campylobacter spp. in early childhood that results in the 
acquisition of protective immunity at older age (9). Similar 
trends have also been described for defined subpopulations 
in the United Kingdom (10).

The global disproportional burden of campylobacte-
riosis among young children is far from being understood 
(11). A recent study could not show increased exposure to 
known risk factors in young children compared with other 
age groups (12). Increased susceptibility because of imma-
ture immune systems, environmental contamination, cross-
contamination in the kitchen, hand-to-mouth behavior, and 
overreporting have all been implicated.

The rapid increase and high incidence of campylobac-
teriosis in Israel resemble that of New Zealand (13). A food 
source of Campylobacter spp. infection in Israel has not 
been elucidated; however, during the study period, poul-
try meat sales markedly transitioned from mainly frozen to 

mainly fresh or chilled products (S. Dolev, pers. comm.). 
Similar trends were implicated for the rising incidence in 
New Zealand and were successfully mitigated by supervis-
ing fresh poultry sales (13). However, toddlers who do not 
consume poultry had the highest incidence of Campylo-
bacter spp. infection for both countries (8).

Our study was conducted using a large and compre-
hensive national database of laboratory-confirmed Campy-
lobacter spp. infections that has a high rate of species char-
acterization. However, laboratory-confirmed infections 
represent only a small portion of diarrheal diseases (14,15). 
Moreover, young children may be more likely to receive 
medical care and have stool cultured (14,15).

In conclusion, the rapid increase in Campylobacter 
spp. incidence in Israel illustrates the need for an urgent na-
tional intervention plan. In particular, high infection rates 
among young children should prompt intensive research ef-
forts to discover the routes of exposure.
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Two arenaviruses were detected in pygmy mice (Mus 
spp.) by screening 764 small mammals in Ghana. The Natal 
multimammate mouse (Mastomys natalensis), the known 
Lassa virus reservoir, was the dominant indoor rodent spe-
cies in 4 of 10 sites, and accounted for 27% of all captured 
rodents. No rodent captured indoors tested positive for  
an arenavirus.

Lassa fever is an arenavirus infection transmitted to hu-
mans from rodents in a limited geographic region of 

western Africa. Nosocomial outbreaks have been recorded 
in Sierra Leone, Liberia, Guinea, and Nigeria: the coun-
tries best known to report Lassa fever (1). Most cases re-
ported in travelers have originated in these 4 countries (2). 
However, cases have been reported from other countries in 
the region, including 1 caused by a previously undescribed 
strain of Lassa virus (LASV) after the case-patient traveled 
through Ghana (3). In addition, infection of humans with an 
arenavirus other than LASV has recently been recognized 
in southern Africa (4).

LASV has a bisegmented genome: the nucleoprotein 
(NP) and glycoprotein (GP) genes are on the small RNA 
segment, and the polymerase (L) and matrix protein (Z) 
genes are on the large RNA segment. LASV circulates in 
rodent populations even when infections in humans are not 
occurring, providing a source for subsequent outbreaks 
among humans.

Arenaviruses have species-specific reservoirs, and 
studies in Sierra Leone and Guinea found Mastomys  

natalensis to be the only rodent reservoir for LASV (5,6). 
In Guinea, M. natalensis abundance and viral prevalence 
rates in rodents have been associated with LASV serop-
revalence among humans (6). Using a risk map model, we 
selected 10 sites in Ghana to examine rodent populations 
and arenavirus carriage rates. 

The Study
The study was performed in accordance with a pro-

tocol approved by the Institutional Review Board of the 
Noguchi Memorial Institute for Medical Research, and the 
Institutional Review Board and Institutional Animal Care 
and Use Committee of the US Naval Medical Research 
Unit No. 3.

Seven sites were selected from areas of high predicted 
risk and 3 from areas of low predicted risk (Figure 1). A vil-
lage was then selected for each site according to 3 criteria: 
a human population between 500 and 2,000; distance >20 
km from any urban center or major road; and willingness to 
participate. All field work was scheduled during the rainy 
seasons of 2010 and 2011, when viral prevalence rates in 
rodents have been shown to be higher (7).

Traps were baited and set overnight in houses and out-
side in fields and woods along trap lines. Rodents captured 
were necropsied on site by using field biosafety level 3 
procedures (8). Morphologic data, blood, and organs were 
collected from each animal for species identification and 
viral testing.

A total of 16 species of rodents and 1 genus of shrews 
were identified among 764 captures (Table). Mastomys na-
talensis, the target species for the study, represented 27% 
(209/764) of captured species, and was outnumbered by an-
other commensal rodent, Praomys daltoni, in 6 of 10 sites 
(Table). Trapping success was calculated for traplines set 
on 3 consecutive nights (no. trapped rodents ÷ no. of traps 
set per night × no. of nights) and was 9.2% (635/6895) for 
all locations; 23% indoors and 4.8% outdoors. Of rodents 
captured indoors, 98% (492/504) were Mastomys or Prao-
mys species.

Total RNA was extracted from whole blood, or ho-
mogenized heart tissue when blood was not sufficient, in 
the biosafety level 3 facility at Noguchi Memorial Institute 
for Medical Research by using the RNeasy Mini Kit (QIA-
GEN, Hilden, Germany) with QIAshredder columns and 
purified with on-column RNase-free DNase set (QIAGEN). 
The samples were tested for the presence of arenavirus GP 
gene RNA by using Power SYBR Green RNA-to-C 1-Step 
PCR Kit (Applied Biosystems, Foster City, CA, USA) (9).

To confirm the first screening, a second PCR targeting 
the L gene was performed in the Mastomys and Mus spp. 
samples (10). Two Mus spp, caught outdoors in the villages 
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of Jirandogo (site 4) and Natorduori (site 1), respectively, 
were found to be positive for arenavirus RNA. For these 

2 positive specimens, additional PCRs were performed 
by using primers OWS1+, OWS1000–, OWS2165A+, 
OWS2165B+, OWS2840A–, OWS2840B–, OWS2770+, 
OWS3400A–, and OWS3400– to acquire longer fragments 
of GP and NP genes (11). These fragments were sequenced 
on both strands, assembled, and aligned in MacVector 
(MacVector, Inc., Cary, NC, USA), then phylogenetically 
analyzed using PhyML (12). The viral and murine (cyto-
chrome b) sequences were deposited in GenBank under ac-
cession nos. JX845167–JX845174. Voucher specimens are 
stored at Noguchi Memorial Institute for Medical Research 
and the United States Army Medical Research Institute for 
Infectious Diseases.

The phylogenetic position of the virus found in a Mus 
baoulei mouse, named Jirandogo for the village in which 
it was discovered, is unclear: Jirandogo clusters with the 
Nigerian LASV strain Lili Pinneo (lineage I) but with low 
branch support (20% bootstrap support) in the GP gene tree 
(Figure 2, panel A); is basal to all Lassa strains in the NP 
gene. At the nucleotide level, identity scores between Jiran-
dogo and other published Lassa strains were 70.9%–74.6%, 
71.6%–74.6%, and 76.9%–83.8% for GP, NP, and L, re-
spectively. At the amino acid level, the scores ranged be-
tween 79.1%–84.2%, 82.0%–84.2%, and 93.8%–98.2% for 
GP, NP and L proteins, respectively. The other sequence, 
found in Mus mattheyi mice and  named Natorduori after 
the village in which it was found, clusters with lymphocytic 
choriomeningitis virus in all 3 phylogenetic trees.

Conclusions
This study aimed to provide data on the risk for Lassa 

fever in Ghana, a country situated between well-known 
Lassa fever–endemic regions, but with little known  
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Figure 1. Lassa virus risk map of Ghana showing 10 numbered 
study sites adapted from Fichet-Calvet and Rogers, Model 3 (1). 
a) Guinea savanna woodland; b) moist semideciduous forest; c) 
tropical rainforest. Solid black lines and letters indicate vegetation 
zones. A color version of this figure indicating high and low 
predicted risk for Lassa fever is available online (wwwnc.cdc.gov/
EID/article/19/11/12-1491-F1.htm).

 
Table.	Species	distribution	of	small	mammals	captured	by	village	in	Ghana* 
 
Species 

No.	animals	captured,	by	study	site	(indoors/total) 
1 2 3 4 5 6 7 8 9 10 All sites 

 Crocidura spp. 1/1 0 0/1 0/1 0 0/3 1/7 1/5 2/3 0 5/21 
 Gerbilliscus  gambianus 0/1 0 0 0 0 0 0 0 0 0 0/1 
 Gerbilliscus kempi 0 0/1 0 0/4 0 0 0 0 0 0 0/5 
 Lemniscomys striatus 0 0 0 0 0 0 0/2 0 0 0 0/2 
 Lophuromys sikapusi 0 0 0 0 0 0 0/3 0 0 0 0/3 
 Mastomys erythroleucus 0/3 0 0 0 0 0/1 0/6 0 0/2 0/10 0/22 
 Mastomys natalensis 30/33 54/59 1/1 11/14 4/10 0 0/3 32/32 35/40 13/17 180/209 
 Mus baoulei 0 0 0 0/2† 0 0 0 0 0 0/3 0/5 
 Mus mattheyi 1/12† 0/4 0/7 0/21 0 0 0 1/8 0/13 0/24 2/89 
 Mus minutoides 0 0 0 0 0 0/16 0/7 0 0/5 0/1 0/29 
 Mus musculoides 1/1 0 0 0 0 0 0 0/4 0 0 1/5 
 Mus setulosus 0 0 0 0 0/1 0 0/4 0 0 0 0/5 
 Praomys daltoni 0/2 1/5 55/57 51/53 56/57 60/60 55/57 0/4 5/5 29/31 312/331 
 Praomys tullbergi 0 0 0 0 0 0 0/2 0 0 0 0/2 
 Rattus rattus 0 0 0 0 0 1/1 2/3 0 1/1 0 4/5 
 Taterillus gracillis 0/12 0 0/2 0/5 0 0 0 0/1 0/9 0 0/29 
 Uranomys ruddi 0 0 0 0 0 0 0 0 0 0/1 0/1 
Total 33/65 55/69 56/68 62/100 60/68 61/81 58/94 34/54 43/78 42/87 504/764 
*Site	names	and	coordinates:	1 =  = 3 = 

 =  =  = 
7 =  =  =  = Monkwo 

 

 



disease itself. Our findings support the idea that Lassa vi-
rus is not widely prevalent in Ghana, and the Mastomys 
natalensis reservoir is not as common as in more highly 
endemic countries. In Ghana, 27% (209 of 764 captured 
rodents) were identified as Mastomys natalensis, com-
pared with 54% (601/1123) in Guinea and 80% (82/103) 
in Mali (7,13). Overall, P. daltoni, a species not known to 
harbor LASV, outnumbered M. natalensis in Ghana, and 
was the predominant rodent species found indoors in 6 of 
our 10 sites.

Sequences of arenaviruses were detected in 2 species 
of pygmy mice, Mus baoulei and Mus mattheyi. Jirandogo, 
the sequence found in Mus baoulei, is phylogenetically 
close to LASV clade viruses. However, the maximum ami-
no acid difference of 18% in NP between Jirandogo and 
LASV exceeds the 12% cutoff criteria, and therefore places 
it outside the LASV clade (14).

Arenaviruses other than LASV have recently been 
reported to cause human disease in Africa, but it is not 
known whether the viral sequences we found in Ghana 
are from viruses pathogenic to humans. Mus species in 

Africa are sometimes found indoors where exposure 
to humans is more likely, but most are found outdoors, 
including those from which we collected the 2 positive 
samples tested in our study. Infrequent cases in humans 
would be expected from arenavirus carriage in outdoor 
species, such as Mus.

It is notable that possible cases of Lassa fever have 
recently been reported in Ghana by the Ministry of Health 
from the high risk area near site 5 of our study (4). These 
reported cases in humans occurred ≈35 km from site 5, 
where Mastomys natalensis represented 15% of all rodents 
captured, and showed no evidence of arenavirus infection 
by PCR testing. The cases in humans were reported on the 
basis of the results of PCR tests, and further sequencing 
will be necessary to confirm the finding.

Although arenaviruses have species–specific reser-
voirs, recent work suggests host switching may be more 
common than previously believed (15). It is reassuring 
that no arenavirus was found in Mastomys natalensis spe-
cies tested from Ghana, although 2 were detected in other 
rodent species from sites with high predicted risk. More 
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Figure 2. Phylogenetic trees depicting virus sequences found in 
rodents from the villages of Jirandogo and Natorduori, Ghana. 
Lineages of Lassa virus clade are indicated by Roman numerals on 
the right. For each virus, phylogenetic trees are shown for 3 genes: 2a, 
glycoprotein  gene (partial 1,034 bp), 2b, nucleoprotein  gene (partial 
1,297 bp), and 2c, Polymerase gene (L partial, 340 bp). The analysis 
was performed using PhyML (11), with a general time reversible  
nucleotide substitution model and 100 bootstrap replicates. Branches 
highly supported by PhyML are indicated with bootstrap values >50. 
Scale bars indicate nucleotide substitutions per site.
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information about geographic and temporal fluctuations in 
Mastomys natalensis rodent populations, the frequency of 
virus host-switching among rodents and the degree of are-
navirus circulation is needed to better understand the im-
plications of our findings for the risk for disease outbreaks 
from LASV or other arenaviruses in Ghana.
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West Nile Virus, 
Texas, USA, 2012
Kristy O. Murray, Duke Ruktanonchai,  

Dawn Hesalroad, Eric Fonken,  
and Melissa S. Nolan

During the 2012 West Nile virus outbreak in Texas, 
USA, 1,868 cases were reported. Male patients, persons 
>65 years of age, and minorities were at highest risk for neu-
roinvasive disease. Fifty-three percent of counties reported 
a case; 48% of case-patients resided in 4 counties around 
Dallas/Fort Worth. The economic cost was >$47.6 million.

West Nile virus (WNV) first emerged in Texas, USA, 
in 2002 (1). Since then, the virus has become en-

demic, with ≈2,200 human cases reported in the state dur-
ing 2002–2011 (2). In 2012, an unprecedented outbreak of 
WNV occurred in Texas; ≈1,900 cases were reported. The 
objective of this study was to understand the epidemiology 
of the 2012 WNV outbreak in Texas.

The Study
WNV infection is a reportable condition in Texas, with 

clinical cases passively reported by physicians to the local 
health departments, which in turn report to Texas Depart-
ment of State Health Services (TxDSHS). We examined 
surveillance data for all reported cases for which symptom 
onset occurred during the 2012 calendar year, and we used 
descriptive statistics to describe the clinical features and 
demographic characteristics of reported case-patients. We 
calculated attack rates by sex, age, and race/ethnicity and 
incidence rates by county using population estimates for 
2012 (3). Odds ratios (ORs), 95% CIs, and p values were 
calculated to determine differences in demographic vari-
ables between severe disease (WNV neuroinvasive disease 
[WNND], which included encephalitis, meningoencephali-
tis, and meningitis) and less severe disease (uncomplicated 
WNV fever). Epi Info 7.0 software (Centers for Disease 
Control and Prevention, Atlanta, GA, USA) was used for 
all statistical calculations.

A total of 1,868 cases were reported to TxDSHS during 
the 2012 transmission season (Table), including 844 (45%) 
WNND cases and 89 deaths (case-fatality rate 5%). Dates of 

onset ranged from May 1, 2012, through December 6, 2012 
(Figure 1). The outbreak peaked during week 33 (mid-Au-
gust) with 225 reported cases, which is historically the same 
peak for all reported WNV cases in Texas during 2002–2011 
(2). The median time from date of symptom onset to date of 
official report to TxDSHS was 27 days (range 6–274 days).

When examining the demographic characteristics of the 
reported cases, we found significant differences in sex, age, 
and race/ethnicity with regard to severity of disease. Over-
all, a higher percentage of male case-patients were reported 
(55%), and male case-patients were significantly more likely 
than female case-patients to have WNND (OR  1.5, 95% 
CI 1.2–1.8, p<0.001). Median age of all case-patients was 
54 years (range 1 month–100 years). As each age category 
increased, the attack rates also increased (Table). Persons 
>65 years of age were significantly more likely than younger 
persons to have WNND (OR 2.1, 95% CI 1.8–2.6, p<0.001). 
The median age of the 89 case-patients who died was 79 
years (range 25–100 years). When examining race/ethnicity 
of all cases, we observed the highest attack rate (11.1 cas-
es/100,000 population) in white, non-Hispanics. However, 
minority populations were significantly more likely to have 
WNND (OR 1.9, 95% CI 1.6–2.4, p<0.001).

Of the 254 counties in Texas, 135 (53%) reported a 
WNV case (Figure 2). The overall incidence rate for the 
state was 7.8 cases per 100,000 population. Almost half of 
the cases were reported from the northeastern quadrant of 
the state, including the Dallas/Fort Worth metroplex (902 
[48%] cases): Dallas (396 [21%]), Tarrant (259 [14%]), 
Collin (64 [3%]), and Denton (183 [10%]) counties. These 
4 counties had a combined incidence rate of 16 cases per 
100,000 population.

Conclusions
The 2012 WNV outbreak in Texas was unexpected in 

terms of the magnitude of virus transmission and number 
of human cases. We recently observed a 3-year pattern 
of increases in reported human cases in Texas, as seen in 
2003, 2006, and 2009 (2). In 2012, the dramatic epidemic 
was consistent with this prior observation, with the 1,868 
reported cases being more than double the historic high, 
which occurred in 2003 (735 cases). In addition to the dra-
matic increase in human cases in 2012, the state also report-
ed an increase in equine cases (121 cases in 2012 compared 
with 6 cases in 2011). The exact factors that contributed 
to this epidemic are unknown and most likely complex, 
considering that successful transmission depends on sup-
portive environmental conditions, vector abundance, avian 
reservoir and susceptible host abundance, pathogenicity of 
the virus, and sizeable populations of immunologically na-
ive reservoir species.

WNV more severely affects persons >65 years of 
age; deaths typically are reported in elderly presons (4,5). 
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During 2012, there was some media speculation that more 
cases of severe disease occurred in younger persons and 
that the circulating strain of virus possibly was more 
pathogenic than in prior years. Compared with Texas data 
for 2002–2011, we did not find any statistically significant 
differences in median ages of reported WNND or fatal 
cases in 2012 using the Kruskal-Wallis 1-way analysis of 
variance on ranks. Our findings from 2012 remain consis-
tent with our experience from prior years; however, it re-
mains critical to emphasize the importance of recognizing 
disease and testing persons of any age who have clinical 
signs and symptoms consistent with WNV infection.

The 2012 WNV outbreak in Texas greatly affected the 
state economically. On the basis of the acute medical care 
and productivity loss cost estimates provided by Barber 
et al. (6) (adjusted to 2012 USD), we crudely estimate the 
2012 outbreak in Texas cost ≈$47.6 million (range $14.5–
$140.7 million; online Technical Appendix Table, wwwnc.
cdc.gov/EID/articlepdfs/19/11/13-0768-Techapp1.pdf). In 
addition to these acute costs, the outbreak also required an 

increase in resources for mosquito control and public health 
efforts to respond to the epidemic. A recent study reported 
the cost of aerial spraying alone in Dallas County exceeded 
$1.6 million (7). The long-term economic impact of this 
outbreak also is expected to be substantial as a consequence 
of long-term rehabilitation and disability costs (8), possible 
risk for chronic kidney disease (9), and risk for premature 
death in severe cases (10).

The unprecedented 2012 outbreak confirms the need 
for continued vigilance for surveillance to enable time-
ly implementation of control measures to prevent virus 
transmission. We expect Texas will continue to experi-
ence endemic levels of virus transmission with periodic 
epizootics. Considering the economic and physical costs 
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Table.	Demographic	characteristics	and	attack	rates	of	all	West	Nile	virus	cases	reported	to	the	Texas	(USA)	Department	of	State 
Health	Services	during	the	2012	outbreak 

Characteristic 
All	cases,	no.	(%),	

n	=	1,868 

Attack 
rate*/100,000	

population 
WNV	fever,	no.	(%),	 

n	=	1,024 
WNV	neuroinvasive	

disease,	no.	(%),	n	=	844 
Deaths,	no.	(%),	

n	=	89 
Sex      
 M 1,028	(55.0) 8.1 519	(50.7) 509	(60.3) 56	(62.9) 
 F 840	(45.0) 6.5 505	(49.3) 335	(39.7) 33	(37.1) 
Age,	y      
 <18 70	(3.8) 1.0 42	(4.1) 28	(3.3) 0 
 18–24 71	(3.8) 2.7 42	(4.1) 29	(3.4) 0 
 25–44 439	(23.5) 6.2 283	(27.6) 156	(18.5) 5	(5.6) 
 45–64 728	(39.0) 11.7 424	(41.4) 304	(36.0) 13	(14.6) 
 >65 560	(30.0) 20.0 233	(22.8) 327	(38.7) 71	(79.8) 
Race/ethnicity      
 White,	non-Hispanic 1,273	(68.1) 11.1 738	(72.1) 535	(63.4) 54	(60.7) 
 Black 117	(6.3) 4.0 43	(4.2) 74	(8.8) 1	(1.1) 
 White,	Hispanic 318	(17.0) 3.2 134	(13.1) 184	(21.8) 22	(24.7) 
 Other/unknown 160	(8.6) 11.2 109	(10.6) 51	(6.0) 12	(13.5) 
*Attack	rates	based	on	2012	population	estimates	from	the	Texas	State	Data	Center	(3). 

 

Figure 1. Number of reported West Nile virus cases, Texas, 
USA, 2012.

Figure 2. Incidence rates per 100,000 population during West 
Nile virus outbreak, Texas, USA, 2012. Numbers in parentheses 
indicate the number of counties that fell within each range.



to persons severely affected, development of an effec-
tive vaccine is urgently needed to prevent disease. Until a 
vaccine becomes available, public health authorities will 
need to maintain their focus on surveillance, disease rec-
ognition, implementation of control measures, and public 
education about protective measures.
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From the Greek diphthera (leather), diphtheria is 
named for the tough pseudomembrane that forms in 
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may have been symptoms of diphtheria is found in Hip-
pocrates work Epidemics III, written 2,500 years ago. 
Reports of epidemics of “throat distemper” began to ap-
pear in the 1500s, but before the 19th century, diphtheria 

was known around the world by many different names, 
such as Syrian ulcer, membranous angina, malignant 
croup, and Boulogne sore throat. In 1821, French phy-
sician Pierre Bretonneau described diphtheria’s unique 
clinical characteristics during an epidemic in southern 
France, when he named it diphtérite after the leathery 
texture of the pseudomembrane.
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Mayaro Virus  
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During 2010–2013, we recruited 16 persons with 
confirmed Mayaro virus infection in the Peruvian Amazon 
to prospectively follow clinical symptoms and serologic 
response over a 12-month period. Mayaro virus infection 
caused long-term arthralgia in more than half, similar to re-
ports of other arthritogenic alphaviruses.

Since the discovery of Mayaro virus (MAYV) in Trini-
dad in 1954, the etiologic agent of Mayaro fever has 

been identified in French Guiana, Suriname, Venezuela, 
Peru, Bolivia, and Brazil (1–9). The presumed primary vec-
tors, Haemagogus mosquitoes, inhabit rural settings and 
tree canopies, a factor that may explain the relative paucity 
of cases and restricted endemicity. However, Aedes aegypti 
mosquitoes have been shown to be competent vectors of 
MAYV in the laboratory (10), suggesting that an urban-
dwelling arthropod could be a vector of this virus over a 
wider scale. MAYV infection has been demonstrated in 
tourists returning from the Amazon region, highlighting not 
only the need to consider MAYV in febrile returned travel-
ers, but also a possible role in global transmission (11).

Incapacitating chronic joint pain has been described 
with other arthritogenic alphaviruses (12), but little is known 
about the prognosis and serologic response over long peri-
ods after MAYV infection. Therefore, we conducted a pro-
spective 1-year longitudinal study to determine the clinical 
manifestations and to describe the serologic response among 
humans with Mayaro fever in the Peruvian Amazon Basin.

The Study
Persons identified for this cohort were recruited in a 

passive febrile surveillance study in 15 health centers in 4 

Peruvian cities: Iquitos, Yurimaguas, Chanchamayo, and 
Puerto Maldonado (Figure 1). Persons meeting the follow-
ing criteria were recruited: age >5 years, oral/tympanic 
temperature >38°C (or axillary >37.5°C), and no obvious 
focus of infection. Written consent was obtained from all 
adults and from a parent or guardian for participants <18 
years of age; participants 8–17 years of age also provided 
written assent. The surveillance period of this study was 
December 6, 2010–April 30, 2012. Follow-up appoint-
ments continued for another year, through April 5, 2013. 
The institutional review boards of the US Naval Medical 
Research Unit No. 6 and the Peruvian Ministry of Health 
approved the protocol.

Compared with the day of the visit for acute illness 
(acute-phase visit), follow-up evaluations occurred at 20  
days (range ±10 days), 3 months (±10 days), 6 months (±15 
days), and 12 months (±30 days). At the acute-phase visit 
and at all follow-up visits, a blood sample was obtained.

For every participant, we attempted to determine the 
cause of infection by testing acute-phase serum for virus 
in Ae. albopictus (C6/36) and African green monkey kid-
ney (Vero 76) cell culture (with immunofluorescence as-
say) and for viral nucleic acid by reverse transcription PCR 
(RT-PCR). Capture IgM and IgG ELISAs were performed 
at 1:100 dilution on the acute-phase and all follow-up sam-
ples to evaluate antibody responses to MAYV and other 
endemic arboviruses (i.e., Venezuelan equine encephali-
tis, Oropouche, group C, Guaroa, and dengue viruses) (6). 
Samples with detectable IgM or IgG were serially diluted 
and retested. Seroconversion was defined as a >4-fold in-
crease in IgM titer between the acute-phase visit and the 
second visit. A Mayaro fever case was defined as IgM se-
roconversion or virus detected by isolation or by RT-PCR. 
In addition, we collected throat swabs from participants 
with pharyngeal erythema at the acute-phase visit and urine 
samples from the 3-month follow-up visit to determine the 
presence of MAYV with RT-PCR (13).

Of 2,094 febrile participants enrolled, 16 (0.8%) had 
Mayaro fever (Table 1). Of the 16 persons with Mayaro 
fever, 11 had MAYV isolated by the cell culture assays 
(11 in both Vero 76 and C6/36), 13 were MAYV posi-
tive by RT-PCR, and all had IgM ELISA seroconversion 
between the acute-phase and 20-day follow-up visits (Ta-
ble 1). In all 16 participants, no IgM ELISA seroconver-
sion occurred for endemic non-alphavirus viruses (i.e., 
Oropouche, group C, Guaroa, and dengue viruses). Four 
participants demonstrated IgM ELISA seroconversion 
against another alphavirus, Venezuelan equine encepha-
litis virus, but these 4 all had MAYV identified by im-
munofluorescence assay and by RT-PCR. Using RT-PCR, 
we did not detect MAYV in 2 acute visit throat swabs, any 
second-visit (20-day) serum samples, and any third-visit 
(3-month) urine samples.
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Besides fever, the most common symptoms affecting 
participants in the acute stage of MAYV infection were 
malaise, headache, arthralgia, myalgia, and retro-orbital 
pain. The prevalence of these and other nonjoint signs and 
symptoms at the acute-phase and follow-up visits are avail-
able in the online Technical Appendix Table, wwwnc.cdc.
gov/EID/articlepdfs/19/11/13-0777-Techapp1.pdf.

Although reports of joint pain waned in study partici-
pants by the second (20-day) visit, complaints increased at 

3 months and persisted in 54% even after 12 months. Joints 
of the hand, wrist, elbow, feet, and knee were identified as 
problematic, whereas hip or axial joint pain was rare (Fig-
ure 2). The chronic joint pain often interfered with activi-
ties of daily living (Table 2).
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Figure 1. Map of Peru. Sites for study of Mayaro virus–infected 
patients are marked with a dot.

 
Table 1. Demographic factors and laboratory findings at 5 encounters for patients with MAYV infection,	Amazon	Basin	region,	Peru,	
2010–2013* 

Patient Age,	y/sex 
Day of illness 
at enrollment Isolation RT-PCR† 

IgM; IgG‡ 
Acute 
phase Day	20 Month	3 Month	6 Month	12 

1 12/F 2 MAYV MAYV 0; 0 6,400; 100 0; 6,400 0; 25,600 0; 25,600 
2 28/F 2 MAYV MAYV 0; 0 1,600; 100 0; 1,600 0; 6,400 0; 25,600 
3 19/F 4 Neg Neg 0; 0 6,400; 100 0; 1,600 – – 
4 11/M 2 MAYV MAYV 0; 0 1,600; 100 0; 1,600 0; 1,600 0; 6,400 
5 41/F 2 MAYV MAYV 0; 0 25,600; 400 0; 1,600 0; 1,600 0; 6,400 
6 20/M 2 Neg Neg 0; 0 6,400; 1,600 0; 1,600 0; 400 – 
7 36/F 1 MAYV MAYV 0; 0 6,400; 100 0; 102,400 0; 409,600 0; 102,400 
8 35/F 1 MAYV MAYV 0; 0 1,600; 100 400; 1,600 0; 25,600 0; 25,600 
9 43/M 2 MAYV MAYV 0; 0 1,600; 0 0; 1,600 0; 6,400 0; 6,400 
10 34/F 3 MAYV MAYV 0; 0 6,400; 100 0; 1,600 0; 6,400 0; 25,600 
11 46/F 3 Neg MAYV 0; 0 1,600; 400 0; 6,400 – – 
12 51/M 4 Neg Neg 0; 0 6,400; 400 0; 1,600 0; 6,400 0; 6,400 
13 40/F 1 MAYV MAYV 0; 0 1,600; 400 400; 25,600 0; 25,600 0; 25,600 
14 11/M 2 MAYV MAYV 0; 0 1,600; 400 0; 25,600 0; 6,400 0; 6,400 
15 11/M 3 MAYV MAYV 0; 0 1,600; 400 0; 6,400 0; 25,600 0; 25,600 
16 64/M 2 Neg MAYV 0; 0 6,400; 25,600 400; 6,400 0; 6,400 0; 6,400 
*MAYV,	Mayaro	virus;	RT-PCR,	reverse	transcription	PCR;	Neg,	negative;	–,	visits	not	attended	by	the	patient. 
†Isolation	and	RT-PCR	results	are	from	the	acute-phase visit. 
‡For	ELISA	IgM	and	IgG	results,	endpoint	titration	values	were	determined.	All	serology	values	are	expressed	as	inverse	titers. 

 

Figure 2. Prevalence of joint involvement at the different follow-
up visits for Mayaro virus infection, Amazon Basin region, Peru, 
2010–2013. Denominators varied because of varying numbers of 
participants reporting to each follow-up visit. M03, 3-month follow-
up; M06, 6-month follow-up; M12, 12-month follow-up.
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Conclusions
This study demonstrated that persons with acute Maya-

ro fever often have many nonspecific symptoms but may 
continue to have chronic joint pain for at least 1 year after 
acute illness. Our study offers physicians valuable prog-
nostic data to share with patients. It also indicates the need 
to consider MAYV infection in patients with seronegative 
arthritis (i.e., negative rheumatoid factor and antinuclear 
antibodies) in regions to which MAYV is endemic.

Previous reports have documented persistent joint pain 
after MAYV infection (2–5,9,11), although all of these 
were either solitary case reports or case series of <4 per-
sons. By using follow-up periods ranging from 1 month 
to 12 months, most of these studies identified persistent 
symptoms in the fingers. Involvement of joints of the wrist, 
ankle, and knee also were mentioned, similar to the partici-
pants in our study.

Long-term manifestations of infection with other al-
phaviruses have been more robustly characterized, with 
persistent arthralgia being commonly described. Follow-
up of chikungunya virus–infected patients on Réunion 
Island revealed that ≈60% had joint pain >3 years after 
acute illness that most often affected the fingers, wrists, 
knees, and ankles (14). Sindbis virus infection in a co-
hort in Finland resulted in persistent arthralgia lasting at 
least a year in half of those infected, with ankles, fingers, 
and wrists being most often affected (15). One caveat of 
our study and other studies is the difficulty in definitively 
attributing persistent arthralgia solely to viral infection, 
although our participants’ limitations in activities of  

daily living were all described as starting after their acute 
Mayaro fever illness.

IgM seroconversion occurred in all of the participants 
in our study that were identified with either isolation or RT-
PCR, consistent with another report that noted the reliability 
of serology in detecting MAYV infection (9). In our study 
participants identified by serology, both RT-PCR and cul-
ture were more sensitive than what others have found for 
Sindbis virus infection, for which 1 study found sensitivities 
of 7% and 1%, respectively (15). However, RT-PCR and 
culture were negative in the only 2 participants in our study 
who had Mayaro fever after day 3 of symptoms, suggesting 
a narrow window when these assays may be effective.

No effective vaccine or antiviral agent exists for the 
arthritogenic alphaviruses, and treatment relies mainly on 
supportive modalities, such as nonsteroidal anti-inflam-
matory medications (12). Our results offer evidence that 
MAYV, similar to other alphaviruses, may cause protracted 
joint symptoms and provide further impetus to the develop-
ment of more effective preventive and treatment strategies.
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Table	2. Specific limitations and length of time of limitation caused by long-term	joint	pain	in	16	patients with Mayaro virus	infection,	
Peru,	2010–2013 

Patient Occupation Limitation	secondary	to	long-term	joint	pain 

Duration of 
limitation,	

mo 
1 Student Inability to write because of pain	and	stiffness	in	finger	joints	of	both	hands;	inability to 

walk long distances because of pain in knees and ankles 
12 

2 Office worker No	long-term limitations NA 
3 Housewife No	long-term	limitations	at	3	mo; lost to follow-up	at	6	mo NA 
4 Student No	long-term limitations NA 
5 Housewife No	long-term limitations NA 
6 Soldier No	long-term	limitations	at	6	mo; lost to follow-up	at	12	mo NA 
7 Housewife Limited	ability	to	perform	housework	because of pain in hand	and	wrist	joints 3 
8 Secretary Inability to remain seated for long periods 8 
9 Electrician and 

other manual labor 
Limited	ability	to	climb	electric	poles	because of pain and stiffness in both hands and 
elbows 

12 

10 Teacher Inability to lecture standing up for prolonged periods because of pain in feet and knees 12 
11 River	boat	cook Limited	ability	to	cook	because of pain	in	both	hands,	wrists,	and	knees	at	3	mo; lost to 

follow-up	at	6	mo 
3 

12 Teacher Difficulty writing because of pain in both hands and arms and pain in shoulders with 
movement 

12 

13 Teacher Inability to lecture standing up for prolonged periods because of pain	in	hands,	knees,	
and ankles 

6 

14 Student Inability to write because of pain	and	stiffness	in	finger	joints	of	both	hands 6 
15 Student Moderate pain when playing sports, such as basketball 3 
16 Driver No	specific	limitations	noted NA 
*NA,	not	applicable. 
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Analysis of 27 rotavirus strains from vaccinated and 
unvaccinated children revealed reassortment events in 3 
strains: a gene derived from a vaccine; a gene acquired 
from a circulating strain; and reassortment between circu-
lating strains. Data suggest that the widespread use of this 
monovalent rotavirus vaccine may introduce vaccine genes 
into circulating human rotaviruses or vice versa.

Group A rotaviruses (RVAs) are a frequent cause of di-
arrhea in children. The RVA genome consists of 11 

dsRNA segments that encode 6 structural (VP1–VP4, VP6, 
VP7) and 6 non-structural (NSP1– NSP6) proteins (1). The 
basis of a new classification system is phylogenetic analy-
sis of 11 RVA genome segments, although binary classifica-
tion is still used; genotyping is based on the coding genes 
for VP7 (G) and VP4 (P) (2).

Vaccination is considered effective in reducing the 
consequences of RVA. Two vaccines, Rotarix (Glaxo 
SmithKline, Brentford, UK) and RotaTeq (Merck & Co., 
Whitehouse Station, NJ, USA), are licensed in several 
countries. Both vaccines demonstrated broad protection 
against the most common RVA genotypes (3).

In Brazil, Rotarix, a monovalent attenuated human ro-
tavirus vaccine for infants 6–24 weeks of age, was intro-
duced in the National Immunization Programs in March, 
2006. The vaccine is delivered in 2 doses, >4 weeks apart. 
In 2009, when vaccine coverage achieved 85.9%, reduction 
in hospitalization associated with diarrhea (17%) and in re-
lated mortality rates (22%) was observed (4). This study 
aimed to assess phylogenetic relationships between G1P[8] 

RVA obtained from vaccinated and unvaccinated children 
hospitalized for acute gastroenteritis.

The Study
During 2008–2010, fecal samples were collected from 

3,852 children; 702 specimens (18.2%) had RVA-positive 
ELISA results; 27 of those (3.8%) were characterized as 
G1P[8] by using reverse transcription-PCR. Eighteen of 
the 27 specimens were from vaccinated children (Table 1). 
Study methods were approved by Fiocruz Ethical Commit-
tee (No. 311/06).

RVA detection, genotyping, and sequencing were per-
formed (5). Sequences were deposited in GenBank under 
accession numbers: JQ926436-JQ926600 and JX683535-
JX683664. Sequences were compared with those in strains 
obtained from GenBank (including Rotarix JX943604.2–
JX943614.2).

Strains analyzed belonged to the Wa-like genogroup 
(genotype 1); 26 strains showed a G1–P[8]–I1–R1–C1–
M1–A1–N1–T1–E1–H1 genome constellation. One sample, 
collected from a child vaccinated with 1 dose during 2010 
in Maranhão (MA) state (MA19030–10), contained the G1–
P[8]–Ix–R1–Cx–M1–A1–N1–T3–E1–H1 constellation. 

Nucleotide (nt) identity values between circulating 
strains in Brazil and the Rotarix strain ranged 76%–100% 
(Table 2). Three samples showed 100% nt identity with 
the Rotarix strain in >1 gene. The SE15901–08 strain, col-
lected on day 7 after the first dose, showed 100% nt identity 
with all Rotarix strain gene segments and could represent 
vaccine shedding. Vaccine antigen excretion detected by 
ELISA achieved 80%, declining to 18%–24% when col-
lected at day 30; 11%–16% of children shed the virus 
at day 45 (6). Shedding is not associated with increased 
gastroenteritis-like symptoms. Widespread use of Rotarix 
might reveal adverse reactions not observed in clinical tri-
als, emphasizing the need for global surveillance (7).

In phylogenetic analysis of 11 genes, 10 genes clus-
tered into 5 clades. In the remaining gene, NSP5, the cir-
culating strains clustered into 4 groups (online Techni-
cal Appendix Figure 1, panel E, wwwnc.cdc.gov/EID/
article/19/11/12-1407-Techapp1.pdf). 

Strain ES15221–08, detected in an unvaccinated child, 
is genetically distinct and differs in origin from other G1P[8] 
circulating strains (online Technical Appendix Figures 1, 2). 
The VP1 gene (648 bp; online Technical Appendix Figure 
2, panel A) in this sample showed 100% nt identity with the 
Rotarix strain. Strain MA19006–10 was genetically similar 
to the strain; however, the NSP5 segment (online Technical 
Appendix Figure 1, panel E) was closely related to a G1P[8] 
strain from Australia (JF490152). These 2 strains appear to 
have been generated by reassortment with this vaccine strain.
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Strain MA19030–10, detected in a child after 1 vac-
cine dose, was closely related to the MA group, but the 
NSP2 segment differed in origin from other MA samples 
(online Technical Appendix Figure 1, panel B) because 
it clustered with other Wa-like strains. The NSP3 gene 
belonged to genotype 3 because it was 99.2% (nt) similar 
to the AU-1 prototype strain (DQ490535.1). These re-
sults suggested reassortment events between Wa-like and 
AU-1 like co–circulating strains.

NSP2 and NSP3 genes from sample MA19030–10 and 
NSP5 genes from sample MA19006–10 differed from each 
other and from those of their respective clusters. Samples 
MA19006–10 and MA19030–10 are genetically distinct 
and might have distinct evolutionary histories. Studies 
that included this genogrouping system were performed 
to prove the existence of inter-genogroup reassortment be-
tween human RVA genogroups or human and animal geno-
groups. The existence and effectiveness of heterogeneous 
genome constellations remains unclear, probably because it 
is caused by mechanisms that create protein sets that work 
better when kept together (8).

Phylogenetic analysis of the VP8* (aa 1–247) portion 
of VP4 encoding gene showed circulating strains (online 
Technical Appendix Figure 2, panel D) clustered into 2 lin-
eages (P[8]-3 and P[8]-1). The alignment of the deduced aa 

sequences showed potential trypsin cleavage sites at argi-
nine 240 and 246 conserved in all samples. All circulating 
strains contained 91.3%–100% identical aa residues to the 
Rotarix strain  in VP8* antigenic epitopes; no changes were 
observed on epitopes 8–2 and 8–4.

Two VP7 lineages (G1-I and G1-II) were identified. 
Samples closely related to the Rotarix strain belonged to 
G1-II; remaining strains belonged to G1-I. Comparing the 
regions defined as antigenic epitopes (7–1 and 7–2) for VP7 
protein, we found >2 epitopes (aa 94, 123, 148, 217) were 
not conserved among circulating strains compared with the 
Rotarix strain. The following amino acids were conserved 
in the non-VP7/non-VP4 segments of either the Rotarix 
strain or other strains analyzed: cysteine residues involved 
in disulfide bonds at positions 6, 8, 85, and 285 in NSP2 
protein; the leucine, isoleucine, aspartic acid, methionine 
and glutamine at positions 275, 281, 288, and 295 in the 
NSP3 protein; the N-linked glycosylation sites at positions 
8 and 18, and cysteine residues at positions 63 and 71 in 
NSP4 protein; and serine residues at positions 153, 155, 
163, and 165 in NSP5 protein.

Conclusions
This report characterizes the complete genome of 

G1P[8] strains in Brazil. Phylogenetic analysis showed that 
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Table	1.	Clinical	features	of	27	patients	infected	with	group	A	rotaviruses	(G1P[8]),	Brazil	2008–2010* 

Strain State Age,	mo† 
Rotarix	doses,	mo/y 

Time elapsed 
between 

vaccination and 
hospitalization 

Clinical	symptoms 
1st 2nd Diarrhea‡ Blood Fever Vomit 

ES 15221–08 ES 42 – – – – – – – 
SE 15901–08 SE 2 09/2008 – 7	d 3 No No Yes 
SE	16536–09 SE 2 – – – 2 No Yes Yes 
SE	16537–09 SE 4 03/2009 – 2	mo 6 No Yes Yes 
SE	16779–09 SE 41 03/2006 05/2006 37	mo 1 Yes Yes Yes 
SE	16782–09 SE 19 02/2008 04/2008 15	mo 3 No No y 
SE	16800–09 SE 7 02/2009 – 5	mo 3 – No No 
SE	16803–09 SE 10 11/2008 01/2009 6	mo 1 No Yes Yes 
SE	16894–09 SE 20 02/2008 05/2008 15	mo 2 No Yes No 
SE	16897–09 SE 15 08/2008 10/2008 10 mo 1 No No Yes 
SE	16898–09 SE 4 06/2009 – 2	mo 1 No No Yes 
SE	16977–09 SE 9 02/2009 04/2009 4 mo 13 No Yes Yes 
SE	16978–09 SE 10 01/2009 03/2009 6	mo 2 No Yes No 
SE	17120–09 SE 22 02/2008 05/2008 17	mo 1 No No Yes 
SE	17122–09 SE 9 07/2008 09/2008 5	mo 2 – Yes No 
SE	17123–09 SE 8 – – – 3 No Yes Yes 
SE 17241–09 SE 7 06/2008 08/2008 3	mo 2 No Yes Yes 
PE 17887–09 PE 6 – – – – No Yes Yes 
PE	17888–09 PE 10 11/2008 – 8	mo – No Yes Yes 
PE	17890–09 PE 20 02/2008 05/2008 18	mo – No No Yes 
PE	17891–09 PE 12 – – – – No Yes Yes 
MA 18999–10 MA 18 – – – – – – – 
MA	19006–10 MA 2 08/10 – 4 d 1 Yes No No 
MA	19013–10 MA 10 – – – – – – – 
MA	19015–10 MA 48 – – – – – – – 
MA	19030–10 MA 32 03/2008 – 29	mo 7 Yes No No 
BA 19391–10 BA 2 – – – 2 – No No 
*Prefixes	represent	origins	of	circulating	strains	in	Brazil:	ES,	Espirito	Santo;	–,	no	data;	SE,	Sergipe;	PE,	Pernambuco;	MA,	Maranhão;	BA,	Bahia. 
†Age of child at time of fecal sample collection. 
‡Number of days child had diarrhea before fecal sample collection. 
  
  



Reassortment of Rotavirus

sequences clustered consistently with the region of sample 
collection. Three strains circulating in Brazil were closely 
related to those in Rotarix; 1 of the 3 was 100% identi-
cal to Rotarix, likely representing shedding of this vaccine. 
Sequence analysis confirmed the presence of the Rotarix 
VP1–derived segment in 1 sample (ES15221–08), indicat-
ing an unreported reassortment event between the vaccine 
and a community strain.

The backbone of MA19030–10 sample was Wa-like, 
but the NSP3 segment exhibited a T3 genotype that was 
described for the AU-1 genogroup. This finding suggests 
that this strain derived its NSP3 gene from an AU-1-like 
strain through reassortment.

Changes in antigenic regions of VP4 and VP7 proteins 
have been associated with mutated RVA strains that spread 
(9,10). Comparison of the aa sequences of VP7 and VP8* 
of strains circulating in Brazil and the monovalent vaccine 
strain demonstrated that VP7 and VP8* of the circulating 
strains showed similar antigenic regions to those of the vac-
cine. No differences between strains from vaccinated and 
unvaccinated children were observed.

Considering the segmented RVA genome and 
that the Rotarix vaccine is an attenuated RVA human 
strain, it is expected that reassortants will arise and  
circulate among humans. The effects of such events are 
not known. This study described strains that originated 
from reassortment events between the Rotarix vaccine 
strain and strains detected in vaccinated and unvaccinated 
children. Improvement of RVA surveillance programs that 
include full genome sequencing analysis will strengthen 
the understanding of how vaccines will affect the RVAs 
circulating among humans, and how those events could 
affect the use of live vaccines, the frequency of RVA in-
tra- and intergenogroup reassortment events under natu-
ral conditions, and the stability of RVA generated by  
such events. 
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Table	2.	Nucleotide	similarity	values	when	comparing	the	Brazilian	G1P[8]	samples	with	the	Rotarix	strain	gene	segments	and	
genotype	constellation	of	selected	human	group	A	rotaviruses* 
  Protein encoded by genes† 

Strain names‡ 
Genotype	

constellation VP7 VP4 VP6 VP1 VP2 VP3 NSP1 NSP2 NSP3 NSP4 NSP5 
SE15901–09 Vaccine G1 

100% 
P[8] 

100% 
I1 

100% 
R1 

100% 
C1 

100% 
M1 

100% 
A1 

100% 
N1 

100% 
T1 

100% 
E1 

100% 
H1 

100% 
MA19006–10 Vaccine G1 

100% 
P[8] 
99% 

I1 
99% 

R1 
99% 

C1 
98% 

M1 
99% 

A1 
98% 

N1 
100% 

T1 
100% 

E1 
99% 

H1 
98% 

BA19391–10 Vaccine G1 
100% 

P[8] 
99% 

I1 
100% 

R1 
99% 

C1 
98% 

M1 
100% 

A1 
100% 

N1 
100% 

T1 
100% 

E1 
99,6% 

H1 
100% 

ES15221–08 Wa-like	(ES) G1 
94% 

P[8] 
90% 

I1 
90% 

R1 
100% 

C1 
90% 

M1 
93% 

A1 
92% 

N1 
91% 

T1 
97% 

E1 
92% 

H1 
92% 

SE16800–09 Wa-like	(SE) G1 
94% 

P[8] 
92% 

I1 
89% 

R1 
97% 

C1 
90% 

M1 
96% 

A1 
92% 

N1 
88% 

T1 
98% 

E1 
98% 

H1 
92% 

PE17888–09 Wa-like	(PE) G1 
94% 

P[8] 
92% 

I1 
90% 

R1 
94% 

C1 
91% 

M1 
93% 

A1 
93% 

N1 
90% 

T1 
97% 

E1 
94% 

H1 
93% 

MA19013–10 Wa-like	(MA) G1 
95% 

P[8] 
93% 

I1 
92% 

R1 
95% 

C1 
92% 

M1 
95% 

A1 
94% 

N1 
92% 

T1 
97% 

E1 
94% 

H1 
93% 

MA19030–10 Wa/AU-1 
reassortant 

G1 
93% 

P[8] 
91% 

X R1 
93% 

X M1 
94% 

A1 
93% 

N1 
89% 

T3 
76% 

E1 
92% 

H1 
93% 

Wa Wa-like G1 P[8] I1 R1 C1 M1 A1 N1 T1 E1 H1 
DS-1 DS-1-like G2 P[4] I2 R2 C2 M2 A2 N2 T2 E2 H2 
AK26 Wa/DS-1 

reassortant 
G2 P[4] I2 R2 C2 M2 A2 N1 T2 E2 H2 

6809 Wa/DS-1 
reassortant 

G8 P[6] I2 R1 C1 M1 A1 N1 T1 E1 H1 

Matlab13 Wa/DS-1 
reassortant 

G12 P[6 I1 R1 C1 M1 A1 T2 T1 E1 H1 

Mani-253 Wa/DS-1 
reassortant 

G4 P[4] I1 R1 C1 M2 A8 N1 T1 E1 H1 

AU-1 AU-1-like G3 P[9] I3 R3 C3 M3 A3 N3 T3 E3 H3 
T152 AU-1-like G12 P[9] I3 R3 C3 M3 A12 N3 T3 E3 H6 
K8 Wa/AU-1 

reassortant 
G1 P[9] I1 R3 C3 M3 A1 N1 T3 E3 H3 

Mani-265 DS-1/AU-1 
reassortant 

G10 P[6] I2 R2 C2 M2 A3 N2 T7 E2 H2 

*Wa-like,	DS-1-like,	AU-like	genotypes	are	shown	in	green,	red,	and	orange,	respectively,	and	the	P[6]	genotype	is	shown	in	blue;	X,	indeterminate	
genotypes;	–,	no	data. 
†One sample for each group was chosen as representative and the average was shown. 
‡Prefixes represent origins of circulating strains in Brazil: SE, Sergipe; BA, Bahia; MA, Maranhão; ES, Espirito Santo; PE, Pernambuco. 
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Three Outbreak-
causing Neisseria 

meningitidis  
Serogroup C 

Clones, Brazil1

David E. Barroso, Terezinha M.P.P. Castiñeiras, 
Fernanda S. Freitas, Jane W. Marsh,  
Mary G. Krauland, Mary M. Tulenko,  
Érica L. Fonseca, Ana C.P. Vicente,  

Maria C. Rebelo, Elaine O. Cerqueira,  
Adriano C. Xavier, Ana P.C.M. Cardozo,  

Simone E.M. da Silva, and Lee H. Harrison

During 2003–2012, 8 clusters of meningococcal dis-
ease were identified in Rio de Janeiro State, Brazil, all 
caused by serogroup C Neisseria meningitidis. The iso-
lates were assigned to 3 clonal complexes (cc): cc11, 
cc32, and cc103. These hyperinvasive disease lineages 
were associated with endemic disease, outbreaks, and 
high case-fatality rates.

The last epidemic of Neisseria meningitidis serogroup C 
meningococcal disease in Rio de Janeiro State, Brazil, 

occurred in 1994. It was caused by C:2b:P1.10 isolates that 
belonged to cluster A4 (1). Although the number of cases of 
serogroup C disease subsequently declined after a vaccina-
tion campaign, rates of serogroup C disease again began to 
increase in 2000. During 2003–2012, public health surveil-
lance identified 8 clusters of serogroup C meningococcal 
disease in Rio de Janeiro State. We report the investigation 
of these meningococcal disease clusters and typing infor-
mation of the causative agent.

The Study
Public health surveillance of meningococcal disease 

in Rio de Janeiro State is conducted by the Meningitis 
Advisory Committee of the State Department of Health, 

which uses data obtained from 2 surveillance sources: 
mandatory reports of meningococcal disease cases and 
reports of laboratory-confirmed N. meningitidis isolates 
collected by the Central Laboratory Noel Nutels and the 
Infectious Diseases State Institute São Sebastião, which 
are state reference laboratories, and 1 outsourced labo-
ratory for bacterial meningitis (Cientificalab Laboratory 
Products and Systems, Rio de Janeiro, Brazil). Chemo-
prophylaxis with rifampin is currently recommended for 
close contacts of persons with confirmed or suspected 
cases of meningococcal disease.

A cluster was defined as ≥3 cases of meningococcal 
disease with a clear epidemiologic link and with N. menin-
gitidis of the same serogroup recovered from either a nor-
mally sterile site or detected by PCR. Reports of invasive 
meningococcal disease during 2000–2012 were obtained 
from the Meningitis Advisory Committee and analyzed by 
using EpiInfo (version 3.5.3; Centers for Disease Control 
and Prevention, Atlanta, GA, USA). This study was ap-
proved by the Ethical Committee of the Evandro Chagas 
Research Institute of the Oswaldo Cruz Foundation.

We identified 8 clusters involving 46 cases that oc-
curred during 2003–2012; all were caused by serogroup C 
N. meningitidis (online Technical Appendix, wwwnc.cdc.
gov/EID/article/19/11/13-0610-Techapp1.pdf; Figure). 
N. meningitidis serogroup was determined by slide agglu-
tination with specific rabbit antisera (BD Difco, Sparks, 
MD, USA) or serogroup-specific PCR directly from ce-
rebrospinal fluid samples (2). Serotype and serosubtype 
were determined by immunoblot analysis at the National 
Meningitis Reference Center. Susceptibility to rifampin 
was determined by using E-test (bioMérieux, Marcy-
l’Étoile, France).

The genetic lineage of N. meningitidis isolates recov-
ered in culture (n = 11) or directly detected in cerebrospinal 
fluid samples (n = 24) was determined by multilocus se-
quence typing (MLST), and the antigenic profile was deter-
mined by sequencing antigen-encoding genes: porB, porA 
(variable regions 1 and 2), and fetA variable region (3). A 
total of 122 serogroup C invasive isolates (C:2a [22]; C:2b 
[17]; C:4,7 [36]; C:19 [4]; C:23 [43]) recovered from 1990 
through 2010 were also genotyped. Sequence types and al-
leles at antigenic loci were assigned by the N. meningitidis 
MLST database (www.mlst.net).

Serogroup C disease increased from 121 (26%) of 
463 cases during 2000–2003, to 174 (44%) of 394 cases 
during 2004–2007, and to 499 (84%) of 594 cases during 
2008–2012 (p<0.01). The case-fatality rate of serogroup C 
disease also increased during the same periods: 12%, 14%, 

	 Emerging Infectious Diseases • www.cdc.gov/eid • Vol. 19, No. 11, November 2013	 1847

Author affiliations: Oswaldo Cruz Institute, Oswaldo Cruz Foundation,  
Rio de Janeiro, Brazil (D.E. Barroso, F.S. Freitas, É.L. da Fonseca,  
A.C.P. Vicente); Federal University of Rio de Janeiro School of 
Medicine, Rio de Janeiro (T.M.P.P. Castiñeiras); University of  
Pittsburgh, Pittsburgh, Pennsylvania, USA (J.W. Marsh, M.G.  
Krauland, M.M. Tulenko, L.H. Harrison); State Department of Heal-
th, Rio de Janeiro (M.C. Rebelo, E.O. Cerqueira); and Cientificalab 
Laboratory Products and Systems, Rio de Janeiro (A.C. Xavier, 
A.P.C.M. Cardozo, S.E.M. da Silva).

DOI: http://dx.doi.org/10.3201/eid1911.130610

1The study was presented in part at the 18th International 
Pathogenic Neisseria Conference, September 9–14, 2012, 
Würzburg, Germany.



and 19% (p = 0.03), respectively. These serogroup C iso-
lates were mainly represented by 4 serologic phenotypes: 
C:23:P1.14–6 (60%), C:4,7:P1.7,1 (15%), C2a:P1.5,2 
(12%), and C:4,7:P1.19,15 (6%).

New cases associated with serogroup C meningo-
coccal disease clusters occurred within an average of 15 
days (range 1–30 days), and those infected had proxim-
ity to each other (same household, vicinity, daycare cen-
ter, primary school, or workplace). The average age of 
patients was 13 years (range 10 months–51 years). The 
clinical signs and symptoms recorded when the person 
sought medical treatment were fever (98%), vomiting 
(80%), hemorrhagic rash (67%), headache (65%), neck 
stiffness (50%), impaired consciousness (41%), diarrhea 
(15%), abdominal pain (15%), convulsions (13%), sore 
throat (9%), and myalgia (6%). The overall case-fatali-
ty rate was 28% (13/46), ranging from 17% (cc103) to 
44% (cc11) (Table); 6 (46%) of 13 deaths occurred as the 
person sought treatment. A program of vaccination with 
serogroup C polysaccharide vaccine was implemented 
twice, once in October 2003 (Paraty) and again in January 
2008 (Armação de Búzios). Subsequently, 1 vaccinated 
person became infected in each locality (online Technical 
Appendix).

Isolates assigned to clonal complex (cc) 11, cc32, 
and cc103 were associated with the clusters of meningo-
coccal disease (online Technical Appendix; Figure); all 
were rifampin-susceptible (MICs, 0.006–0.19 μg/mL). 
The results of genotyping the 122 invasive isolates col-
lected from 1990 through 2010 are shown in the Table.  

The Table also indicates when the cluster-associated 
clones were first observed.

Conclusions
Clusters of meningococcal disease were a prominent 

feature of N. meningitidis infections in several countries dur-
ing the 1990s (4,5). These meningococcal clusters have been 
associated with educational institutions and particular clones 
of serogroup C. Clusters and community outbreaks of sero-
group C disease have recently been observed in Brazil with 
increasing frequency outside the person’s place of residence 
and involving teenagers and young adults, e.g., caused by 
the ST-3780 (cc103) isolates (6–8). A single cluster has been 
associated with the C:4,7:P1.19,15 phenotype (9).

Although the annual incidence rate remained stable 
(2–3 cases/100,000 population), clusters of meningococcal 
disease marked a change in the epidemiology of N. menin-
gitidis infection during the 2000s in Rio de Janeiro State, 
while serogroup C disease and its case-fatality rate steadily 
increased. These clusters were caused by different clones, 
involved mostly children, and were accompanied by high 
case-fatality rates. The serogroup C clones found in this 
study seem to have emerged during the 2000s and are also 
now the major cause of endemic meningococcal disease. 
Some of these clones, namely, cc11 and cc32, have under-
gone capsular switching. For instance, the 2–2:P1.5–1,10–
8:F3–6:ST-7816 (a single locus variant of ST-11) clone 
from 2009 was found to express a serogroup W capsule 
(10), and the 3–79:P1.7–1,1:F5–1:ST-639 clone was previ-
ously demonstrated to belong to serogroup B (3).
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Figure. Spatial distribution of 8 
meningococcal disease clusters 
caused by 3 different clonal 
complexes (cc) of Neisseria 
meningitidis, Rio de Janeiro 
State, Brazil, 2003–2012. 



N. meningitidis Serogroup C Clones

Chemoprophylaxis to control clusters has been inef-
fective in preventing new cases, possibly because trans-
mission might have been occurring among social networks 

that did not receive chemoprophylaxis. In addition, it is not 
known whether chemoprophylaxis reduces risk in educa-
tional institutions (5). All of these clusters were potentially 
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Table. Genotyping	of	serogroup	C	Neisseria meningitidis invasive isolates recovered from 1990	to	2010	with	timeline showing when 
the cluster-associated	clone	were	first	observed	in	Rio	de	Janeiro	State,	Brazil 

Serogroup/year Genotype and clonal complex (no.	isolates) 
Date of emergence of cluster-related clone  

(date	of	commencement	of	cluster) 
C:2a   ST-11   
 1990                        2-184:P1.5-1,2-2:F1-1:ST-5121 (1)  
 1995–1997                    2-2:P1.5,2:F3-6:ST-11 (5)  
 1997                        2-60:P1.5,2:F3-6:ST-7849 (1)  
 2000                        2-145:P1.5,2:F1-1:ST-11 (1)  
 2001                        2-184:P1.5-1,2-2:F1-1:ST-5121 (1)  
 2007–2009                           2-2:P1.5-1,10-8:F3-6:ST-11 (9) Feb 2007	(Feb 2007,	Jan	2008) 
 2009                        2-2:P1.5-1,5-11:F3-6:ST-11 (1)  
 2010                              2-2:P1.5-1,10-8:F3-6:ST-9452 (3) May	2010	(May	2010) 
C:2b ST-8	  
 1990                       2-3:P1.18-1,3:F3-1:ST-8 (1) No	cluster associated with this clonal complex 
 1992                          2-3:P1.18-1,3:F3-9:ST-8 (2)  
 1995–1997                     2-30:P1.5-2,10:F5-2:ST-8 (1)  
 2-3:P1.18-1,3:F3-1:ST-8 (1)  
 2-30:P1.5-2,10:F5-2:ST-153 (8)*  
 2-3:P1.18-1,3:F3-9:ST-7769 (1)  
 2-30:P1.5-2,10:F5-2:ST-7713 (1)  
 2002*†                         2-30:P1.5-2,10:F5-2:ST-153 (1)  
 2-30:P1.5-2,10:F5-2:ST-7705 (1)  
C:4,7 ST-32	  
 1994                         3-1:P1.19,15:F5-1:ST-7709 (1)  
 1998–2010                        3-79:P1.7-1,1:F5-1:ST-639 (16) Jun	1998	(Jul	2009) 
 3-1:P1.19,15:F1-80:ST-33 (1)  
 3-299:P1.7-1,1:F5-1:ST-639 (2)  
 3-1:P1.19,15:F5-1:ST-33 (2)  
 3-79:P1.19,15:F5-1:ST-639 (1)  
 3-1:P1.19,15:F5-1:ST-34 (1)  
 3-1:P1.19,15:F5-1:ST-639 (3)  
 3-79:P1.7-1,1:F5-1:ST-7692  (1)  
 3-79:P1.7-1,1:F5-1:ST-7696 (1) Oct	2006	(Oct	2006) 
 3-294:P1.7-1,1:F5-1:ST-639 (1)  
C:4,7 ST-41/44  
 2007                             3-300:P1.18-1,3:F5-37:ST-41 (1) No	cluster	associated with this clonal complex 
C:4,7 No	clonal	complex  
 1993–1994                   3-27:P1.20,9:F1-7:ST-7690 (3) No	cluster	associated	with	these	strains 
 3-1:P1.21,16:F1-20:ST-7712 (1)  
 2003                        3-1:P1.5,15:F4-3:ST-7691 (1)  
C:19 ST-269,	ST-174,	ST-41/44	  
 1993–1995                   3-295:P1.5-1,10-4:F4-21:ST-3772 (1)  No	cluster	associated	with	these	clonal	complexes 
 3-295:P1.5-1,10-4:F5-1:ST-3772 (1)   
 2007                       3-35:P1.21,16:F5-13:ST-7817 (1)   
 3-71:P1.19,15:F5-2:ST-437 (1)   
C:23 ST-103	  
 2001–2010                   2-23:P1.22,14-6:F1-80:ST-3779 (1)  
 2-23:P1.22,14-6:F3-9:ST-3779 (13) Jul	2001	(Feb 2012) 
 2-23:P1.22,14-6:F5-92:ST-7689 (1)  
      2-23:P1.22,14-6:F3-9:ST-3780 (14) Jul	2003	(Apr	2012) 
 2-23:P1.22,14-6:F1-5:ST-5727 (1)  
 2-23:P1.22,14-6:F3-9:ST-7708 (1) Sep	2003	(Sep	2003) 
 2-23:P1.5,14-6:F3-9:ST-5122 (1)  
 2-23:P1.22,14-6:F3-9:ST-5122 (2)  
 2-23:P1.22,14-6:F5-92:ST-5338 (1)  
 2-167:P1.22,14-6:F3-9:ST-3779 (3)  
 2-23:P1.18-1,3:F3-9:ST-3779 (3)  
 2-23:P1.22,14-6:F3-9:ST-8732 (1)  
 No	clonal	complex  
 2010                               2-23:P1.22,14-6:F3-9:ST-8730 (1) No	cluster	associated	with	this	strain 
*No	invasive	C:2b	isolate	has	been	recovered	since	2002. 
†The	clone	associated	with	the	last	epidemic	of	serogroup	C	disease	in	1994. 

 



vaccine preventable with monovalent serogroup C menin-
gococcal vaccine, which was instituted in the state program 
of routine vaccination for children (<2 years) in October 
2010. The implementation of molecular surveillance is 
advisable to both guide immunization programs and to 
monitor the effects of the immunization program and its 
consequences for the population biology of N. meningitidis 
associated with invasive disease.
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To compare the severity of Plasmodium vivax malaria 
with that of P. falciparum malaria, we conducted a retrospec-
tive cross-sectional study of 356 adults hospitalized with 
malaria (2009–2011) in Pakistan. P. vivax and P. falciparum 
accounted for 83% and 13% of cases, respectively; 79.9% 
of patients with severe malaria were infected with P. vivax.

Malaria is endemic to Pakistan and  64% and 36% of 
malaria cases are attributed to Plasmodium vivax and 

P. falciparum, respectively (1).  The purpose of this study 
was to identify the complications of P. vivax among hos-
pitalized malaria patients and compare the prevalence of 
these complications with those of P. falciparum malaria.

The Study
We conducted a retrospective cross-sectional study 

using convenience sampling at the Aga Khan University 
Hospital in Karachi, Pakistan. Participants were all adult 
patients (>16 years of age) who were hospitalized with 
malaria during January 2009–December 2011. Reasons for 
hospitalization included intravenous antimalarial therapy, 
management of associated diagnoses, and complications. 
The following data on patients were retrieved through the 
hospital’s electronic and file records: age, sex, infecting 
Plasmodium species, malaria diagnosis methods, co-exist-
ing conditions, results of biochemical and microbiological 
investigations, radiographic findings, complications, hospi-
tal course, and outcome.

Records showed that Giemsa-stained peripheral blood 
smears, the malaria rapid diagnostic test (RDT), or both, 
were used for malaria diagnosis. The RDT used antibodies 
against P. falciparum histidine-rich protein 2 and P. vivax 
lactate dehydrogenase. For 45 case-patients for which re-
sults from peripheral blood smears and RDTs were discor-
dant or unreliable, surface protein-specific PCR was per-
formed by using stored patient blood samples to identify 

the Plasmodium species (2,3). Clinical syndromes were 
classified as severe on the basis of the World Health Orga-
nization’s 2010 severe falciparum malaria criteria (4).

Statistical analysis was performed by using SPSS  
version  20 (http://www-01.ibm.com/software/analytics/
spss/). Averages, χ2 test of independence, odds ratios with 
95% CIs, and analysis of variance were computed when 
applicable.

Case-patients with prior co-morbid conditions were 
excluded from relevant subanalyses, for example, diabetes 
mellitus patients were excluded from hypoglycemia analy-
sis. All analysis was also repeated after excluding all case-
patients with associated infections and comorbid illnesses. 
The classification “comorbidity” included all conditions in 
the Charlson comorbidity index for mortality (5). The study 
was approved by the Aga Khan University’s Ethics Review 
Committee.

A total of 356 patients with malaria (mean ± SD age 
42 ± 18 years) were hospitalized in the Aga Khan Hospital 
during 2009–2011. Among these, 296 (83.1%), 47 (13.2%), 
and 13 (3.7%) were found to have P. vivax infection, P. fal-
ciparum infection, and mixed infections ( P. vivax and P. 
falciparum), respectively. Baseline patient demographics 
are given in Table 1. The proportion of P. vivax infection 
among hospitalized malaria patients increased from 75.0% 
in 2009 to 87.7% in 2011 (p<0.02) (Figure 1, panel A).

One hundred  thirty-nine (39.0%) patients had at least 
1 complication by World Health Organization criteria (4), 
among which 111 (79.9%) patients had P. vivax infection. 
In 24 (51.0%) cases of P. falciparum infections and in 111 
cases (37.5%) of P. vivax infections, respectively, severe 
malaria developed (p = 0.077). As shown in Figure 2, the 
proportion of severe malaria among P. vivax patients in-
creased from 24.1% in 2009 to 43.2% in 2010 and 39.5% 
in 2011 (p = 0.02).

The most common complications in the patients are 
shown in Table 2. P. vivax and P. falciparum were respon-
sible for comparable rates of pulmonary edema, the need 
for mechanical ventilation, coagulopathy, hypoglycemia, 
hemoglobinuria, metabolic acidosis, renal impairment, 
liver dysfunction, bleeding, and multi-organ dysfunction. 
Altered consciousness, anemia, and jaundice were associ-
ated with P. falciparum malaria. The mean platelet count 
for P. vivax patients was 55, significantly lower than that 
of P. falciparum patients (67.5; p = 0.001) and those with 
mixed infections (61; p = 0.024).

The mean hospital stay was 4.1 days for P. falciparum 
patients, 3.6 days for P. vivax patients, and 2.9 days for 
patients with mixed infections. Three P. vivax malaria pa-
tients experienced fatal acute myocardial infarctions. One 
patient, who had metastatic myeloma and P. falciparum 
malaria, died. The mortality rate was 2.1% for P. falci-
parum patients and 1.0% for P. vivax patients (p = 0.50).
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Analysis was repeated after all patients with comorbid 
conditions were excluded (Table 1), which left 229 case-
patients who had no illness other than malaria. Among 
these, 30 (13%) patients had P. falciparum infection, 189 
(83%) had P. vivax infection, and 10 (4%) had mixed infec-
tion (Figure 1, panel B). In these patients, severe malaria 
appeared significantly more common in falciparum versus 
vivax malaria (53% and 33%, respectively, p = 0.029); 
however, 79.5% of the severe cases were caused by P. 
vivax. Hemoglobinuria and a higher mean creatinine level 
were more likely to occur with falciparum malaria than 

with vivax malaria (p<0.02). Shock and secondary bacte-
rial infections were no longer associated with P. falciparum 
infection. All other statistical associations held, although 
the strength of association varied.

Conclusions 
A study of hospitalized malaria patients at the Aga 

Khan University Hospital during 1997–2001 showed that 
51.8% of cases were caused by P. vivax and 46.5% by P. 
falciparum, with mortality rates of 1.5% and 2.0%, respec-
tively (6). Recent studies from elsewhere in Asia reported 
that 20%– 40% of patients hospitalized with malaria had P. 
vivax malaria (7), with mortality rates of 0.8%–1.6% (7). 
In our study, a much greater proportion of malaria cases 
were caused by P. vivax (83%), which was not unexpected 
because of the decreasing number of P. falciparum cases 
during the study period. Despite this high incidence of P. 
vivax malaria, the mortality rate found in our study is reas-
suring and stable at 1.0%.

The higher prevalence of jaundice, anemia, and hemo-
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Table 1. Demographic profile of study participants with Plasmodium vivax and P. falciparum malaria,	Karachi,	Pakistan,	2009–2011* 

Characteristic 
Frequency	(%) 

P. vivax P. falciparum Mixed 
Sex    
 F 98	(33) 12	(25) 6	(46) 
 M 198	(67) 35	(75) 7	(54) 
Previously	healthy	adults 189	(64) 30	(64) 10	(77) 
Concurrent	illness    
 Diabetes 49	(17) 4	(9) 0 
 Ischemic heart disease 37	(12) 2	(4) 3	(23) 
 Chronic	kidney	disease 10	(3) 3	(6) 0 
 Co-existing infection† 34	(12) 5	(11) 0 
 Others‡ 10	(3) 5	(11) 0 
Total§ 107	(36) 17	(36) 3	(23) 
*n	=	356.	 
†Co-existing	infections	included	dengue	fever,	urinary	tract	infection,	enteric	fever,	and	hepatitis	C,	diagnosed	by	appropriate	serologic	testing/culture. 
‡Other	conditions	included	chronic	obstructive	pulmonary	disease,	chronic	liver	disease,	malignancy,	and	other	conditions	from the	Charlson	Comorbidity	
Index (5). 
§Many	patients	had	multiple	comorbidities;	therefore,	the	total	does	not	sum	the	above. 

 

Figure 1. A) Proportion of hospitalized cases of Plasmodium vivax (n 
= 296), P. falciparum (n = 47), and mixed (n = 13) infections, Karachi, 
Pakistan, 2009–2011. B) Number of hospitalized cases of P. vivax 
(n = 189), P. falciparum (n = 30), and mixed (n = 10) infections, after 
excluding patients with concurrent illnesses, 2009–2011.

Figure 2. Percentage of Plasmodium falciparum and P. vivax 
patients with severe malaria, Karachi, Pakistan, 2009–2011. The 
number of mixed infections (n = 13) over 3 years was too small for 
comparison.
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globinuria seen with falciparum malaria in our study reflect 
the greater degree of hemolysis caused by P. falciparum. P. 
vivax has been reported elsewhere to cause a similar degree 
of anemia as P. falciparum (8). Differences in the level of 
endemic anemia between these study populations and may 
explain this discrepancy. Similar to our findings, another 
study reported the incidence of thrombocytopenia in hos-
pitalized patients with vivax malaria as high as 96.3% (9). 
Pulmonary involvement has often been reported in compli-
cated vivax malaria (7), as we found in our study. Hepatic 
dysfunction with jaundice has been reported in up to 57% of 
hospitalized P. vivax patients (10); our findings were similar.

To estimate the true effects of severe disease with vivax 
malaria, researchers have recommended excluding comor-
bid conditions (7) and other infections (11). In this study, 
excluding concurrent illness enabled a stronger association 
between P. falciparum and severe malaria to emerge. Thus, 
P. falciparum caused a higher likelihood of specific com-
plications such as central nervous system disturbance and 
hemolysis than did P. vivax. Yet, ≈80% of severe malaria 
still occurred in patients with P. vivax malaria.

Limitations of the study include its retrospective 
design, low power, and lack of PCR diagnostics for 
all the samples. Furthermore, the study findings reflect  
the malaria situation at a single urban tertiary care hos-
pital, which cannot be generalized without knowing 
the denominator of all hospitalized malaria cases in the 
study area.

P. vivax is a major contributor to the disease effects of 
malaria, including severe malaria, in a tertiary care setting 
in Karachi, Pakistan. Furthermore, P. falciparum and P. 
vivax have similar rates for several complications (pulmo-
nary edema, metabolic acidosis, abnormal bleeding, renal 
impairment) and death.
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Table	2.	Comparison	of	complication	rates	in	P. falciparum versus P. vivax infections,	Karachi,	Pakistan,	2009–20011* 

Complications	 Case	definition 

No.	(%)	P. 
falciparum 

cases, n	=	47 

No.	(%)	P. 
vivax cases, 
n	=	296 Odds	ratio	(CI) p value 

WHO	criteria†       
 Altered consciousness Disorientation or confusion 5	(10.6) 6	(2.0) 5.7	(1.7–19.7) 0.002 
 Metabolic acidosis Plasma	bicarbonate	<15	mmol/L 5	(10.6) 17	(5.7) 1.9	(0.7–5.6) 0.203 
 Pulmonary	edema Respiratory	distress	and	bilateral	

diffuse infiltrates on chest radiograph 
6	(12.8) 23	(7.8) 1.7	(0.7–4.5) 0.253 

 Abnormal spontaneous bleeding Bleeding	from	gastrointestinal,	
genitourinary or respiratory tracts 

1	(2.1) 16	(5.4) 0.4	(0.049–2.9) 0.336 

 Jaundice Serum	bilirubin	>3.0	mg/dL 12	(25.5) 28(89.5 3.3 (1.5–7.0) 0.001 
 Hemoglobinuria Hemoglobin	in	urine 15	(31.9) 62	(20.9) 1.8	(0.9–3.4) 0.094 
 Shock Systolic	blood	pressure	<80	mm	Hg 4	(8.5) 5	(1.7) 5.4	(1.4–20.9) 0.007 
 Hypoglycemia‡ Blood	glucose	<40	mg/dL 1	(2.1) 3	(1.0) 2.1	(0.2–20.9) 0.509 
 Renal	impairment§ Serum	creatinine	>3	mg/dL 2	(4.3) 10	(3.4) 1.3	(0.3–6.0) 0.761 
Other       
 Hyperpyrexia Core	body	temperature	>40°C 4	(8.5) 32	(10.8) 0.8	(0.4–1.9) 0.416 
 Thrombocytopenia Platelets	<150,000/mm3 39	(83.0) 272	(91.9) 0.4 (0.2–1.0) 0.051 
  Profound <20,000/mm3 5	(10.6) 58	(19.6) 0.5	(0.2–1.0) 0.141 
 Anemia Hemoglobin	<7	mg/dL 10	(21.3) 15	(5.1) 5.0	(2.1–12.1) 0.000 
 Multiorgan dysfunction Biochemical	and	/or	radiographic	

evidence of ≥2 organs involved 
5	(10.6) 21	(7.1) 1.6	(0.6–4.4) 0.394 

 Secondary infection Radiographic/microbiological	
evidence of infection 

9	(19.1) 2	(7.4) 2.9	(1.3–6.9) 0.009 

 Coagulopathy Deranged	PT/APTT 5	(10.6) 17	(5.7) 2.0	(0.7–5.6) 0.203 
 Liver	dysfunction ALT	level	>normal 16	(44.4) 97	(40.9) 1.1	(0.5–1.9) 0.690 
*WHO,	World	Health	Organization;	PT,	prothrombin	time;	APTT,	activated	partial	thromboplastin	time.	ALT,	alanine	aminotransferase. 
†Source: (4). 
‡Patients	with	preexisting	diabetes	were	excluded	from	this	count;	n	=	303. 
§Patients	with	preexisting	chronic	kidney	disease	were	excluded	from	this	count;	n	=	343. 

 



  3.	 Zakeri S, Bereczky S, Naimi P, Pedro Gil J, Djadid ND, Färnert A, 
et al. Multiple genotypes of the merozoite surface proteins 1 and 2 
in Plasmodium falciparum infections in a hypoendemic area in Iran. 
Trop Med Int Health. 2005;10:1060–4. http://dx.doi.org/10.1111/
j.1365-3156.2005.01477.x

  4.	 World Health Organization. Guidelines for the treatment of malaria, 
2nd ed. Geneva: The Organization; 2010.

  5.	 Sundararajan V, Henderson T, Perry C, Muggivan A, Quan H, 
Ghali WA. New ICD-10 version of the Charlson comorbidity index  
predicted in-hospital mortality. J Clin Epidemiol. 2004;57:1288–94. 
http://dx.doi.org/10.1016/j.jclinepi.2004.03.012

  6.	 Beg MA, Sani N, Mehraj V, Jafri W, Khan MA, Malik A, et al. Com-
parative features and outcomes of malaria at a tertiary care hospital 
in Karachi, Pakistan. Int J Infect Dis. 2008;12:37–42. http://dx.doi.
org/10.1016/j.ijid.2007.04.006

  7.	 Price RN, Douglas NM, Anstey NM. New developments in  
Plasmodium vivax malaria: severe disease and the rise of chloro-
quine resistance. Curr Opin Infect Dis. 2009;22:430–5. http://dx.doi.
org/10.1097/QCO.0b013e32832f14c1

  8.	 Douglas NM, Anstey NM, Buffet PA, Poespoprodjo JR,  
Yeo TW, White NJ, et al. The anaemia of Plasmodium vivax  
malaria. Malar J. 2012;11:135. http://dx.doi.org/10.1186/1475-
2875-11-135 

  9.	 Sharma A, Khanduri U. How benign is benign tertian malaria?  
J Vector Borne Dis. 2009;46:141–4.

10.	 Kochar DK, Das A, Kochar SK, Saxena V, Sirohi P, Garg S,  
et al. Severe Plasmodium vivax malaria: a report on serial cas-
es from Bikaner in northwestern India. Am J Trop Med Hyg. 
2009;80:194–8.

11.	 Mueller I, Galinski MR, Baird JK, Carlton JM, Kochar DK,  
Alonso PL, et al. Key gaps in the knowledge of Plasmodium vivax, a  
neglected human malaria parasite. Lancet Infect Dis. 2009;9:555–
66. http://dx.doi.org/10.1016/S1473-3099(09)70177-X

Address for correspondence: M. Asim Beg, Department of Pathology 
and Microbiology, The Aga Khan University, Stadium Rd, PO Box 3500, 
Karachi 74800, Pakistan; email: masim.beg@aku.edu

DISPATCHES

1854	 Emerging Infectious Diseases • www.cdc.gov/eid • Vol. 19, No. 11, November 2013

®

June 2010

Vol 16, No 6, June 2010
EM

ERGING INFECTIOUS DISEASES

An
dy

 W
ar

ho
l F

ou
nd

at
io

n 
fo

r t
he

 V
isu

al
 A

rts
/A

RS
, N

ew
 Y

or
k.

 R
on

al
d 

Fe
ld

m
an

 F
in

e 
Ar

ts,
 N

ew
 Y

or
k

Emerging Viruses

Pages 911–1056

®

June 2010

Vol 16, No 6, June 2010
EM

ERGING INFECTIOUS DISEASES

An
dy

 W
ar

ho
l F

ou
nd

at
io

n 
fo

r t
he

 V
isu

al
 A

rts
/A

RS
, N

ew
 Y

or
k.

 R
on

al
d 

Fe
ld

m
an

 F
in

e 
Ar

ts,
 N

ew
 Y

or
k

Emerging Viruses

Pages 911–1056



Infectious Shock 
and Toxic Shock 

Syndrome  
Diagnoses in  

Hospitals,  
Colorado, USA

Michael A. Smit, Ann-Christine Nyquist,  
and James K. Todd

In Colorado, USA, diagnoses coded as toxic shock 
syndrome (TSS) constituted 27.3% of infectious shock cas-
es during 1993–2006. The incidence of staphylococcal TSS 
did not change significantly overall or in female patients 10–
49 years of age but increased for streptococcal TSS. TSS 
may be underrecognized among all ages and both sexes.

First described in 1978, toxic shock syndrome (TSS) is 
a severe febrile illness now confirmed to be caused by 

exotoxin-producing strains of Staphyloccocus aureus and 
Streptococcus pyogenes (1). Investigations based on exten-
sive chart review and/or microbiology laboratory data sug-
gest little or no decrease in overall TSS incidence and an 
increase in streptococcal TSS (2–4). Given the persistence 
and severity of TSS and the differences in its treatment 
from other causes of septic shock, its evolving epidemiol-
ogy needs to be accurately monitored (5–7). To this end, 
we assessed International Classification of Diseases, Ninth 
revision, Clinical Modification (ICD-9-CM)–coded TSS 
cases in Colorado, USA.

The Study
In 2007, we queried the Colorado Hospital Associa-

tion database for ICD-9-CM codes that identified diagnoses 
consistent with infectious shock or TSS unrelated to preg-
nancy or childbirth (8). The study population comprised 
Colorado residents 1–65 years of age, selected by ZIP code 
of residence, who were discharged from Colorado hospitals 
during 1993–2006. Presumptive cases of “infectious shock” 
were 1) TSS or meningococcal shock of any diagnostic 

code (040.82, 040.89, 036.3); 2) principal diagnosis of hy-
potension or shock (785.50, 785.59, 998.0, 458.0, 796.3) 
plus any secondary diagnosis of staphyloccocal infection 
(038.1x, 041.1x, 482.4x); streptococcal infection (041.0x, 
482.3x, 034.0, 038.1); scarlet fever (034.1); or bacteremia, 
septicemia, or other infection (code list available from au-
thors); and 3) principal diagnosis of bacteremia, septice-
mia, staphyloccocal infection, streptococcal infection, oth-
er infection, or scarlet fever, plus any secondary diagnostic 
code of shock (see above codes). Infectious shock was fur-
ther grouped into 3 code categories: 1) TSS-specific code: 
code for TSS (040.82 or 040.89) in any diagnostic field; 2) 
possible TSS code: infectious shock code without a specific 
code for TSS but with a code for infection with S. aureus 
(038.11, 041.11, 042.41) or S. pyogenes(041.01, 482.31) or 
with scarlet fever (034.1); and 3) infectious shock code, not 
TSS: infectious shock not otherwise classified. TSS was 
further designated as “strep” if it was associated with any 
code for S. pyogenes; all other TSS cases were assumed to 
be caused by S. aureus and were designated as “staph.” All 
case definitions were based on ICD-9-CM codes assigned 
by the discharging hospital.

Annual population-based incidences during 1993–
2006 were calculated as cases per 100,000 persons by using 
extrapolated estimates of population by age interval and sex 
based on the US 1990 and 2000 censuses (9). Annual num-
bers of TSS cases reported to the State of Colorado were 
obtained from the Colorado Department of Public Health 
and Environment and classified as either TSS associated 
with S. pyogenes (reporting began in 2000) or TSS (as-
sumed otherwise to be associated with S. aureus infection).

Infectious shock incidence increased significantly 
from 1993 through 2006 (R2 = 0.708, p<0.001 by linear 
regression). Of the 2,861 hospitalized persons with infec-
tious shock, those assigned TSS-specific codes account-
ed for 411 (14.4%), and possible TSS codes constituted 
371 (13.0%) (Figure 1). Of the 782 TSS-specific and 
possible TSS cases, 121 (15.5%) had a diagnostic code 
related to S. pyogenes; the remaining 661 (84.5%) cases 
were assumed by default to be associated with S. aureus. 
Case-fatality rates were significantly lower (p<0.001) 
for TSS-specific cases (5.6%) than for infectious shock, 
not TSS (29.3%). The incidence of TSS-specific (staph) 
cases did not change significantly from 1993 through 
2006, whereas incidences for all other categories signifi-
cantly increased. Beginning in 2000, an annual average 
of 54% (range 22%–100%) of TSS-specific (strep) and 
16% (range 8%–26%) of TSS-specific (staph) cases were 
annually passively reported to the Colorado Department 
of Public Health and Environment.

The ages and sexes of patients assigned codes for 
TSS-specific and possible TSS (staph) is shown in Fig-
ure 2. Most cases occurred in female patients 10–49 
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years of age (peak 10 -19 years). For both sexes, the 
proportion of cases was comparable for the <10-year and 
>49-year age groups.

The crude population-based incidence for TSS-specif-
ic (staph) cases in patients 1–65 years of age averaged 0.64 
per 100,000 (95% CI 0.59–0.70). For female patients 10–
39 years of age, the incidence averaged 1.18 per 100,000 
(95% CI 0.94–1.41). We compared the annual incidence 
for TSS-specific (staph) cases in Colorado during 1993–
2006 (this study) with estimated incidences from 2 previ-
ously reported periods in Colorado using medical record 
review for 1970–1982 and 1987–1997 (4,5). We found no 
significant difference in the annual incidence in female pa-
tients 10–39 years of age among the 3 periods (p = 0.134, 
analysis of variance).

Fifty-three case records (1.8% of total sample) of pa-
tients hospitalized during 1998–2006 at Children’s Hos-
pital Colorado were identified with TSS-specific, possible 
TSS, or infectious shock not TSS codes and available for 
independent, blinded review using the Centers for Disease 
Control and Prevention’s staphylococcal and streptococ-
cal TSS case definitions (10). Within this subset, our ICD-
9-CM–based code definition for TSS-specific or possible 
TSS had a sensitivity of 86.5%, specificity of 75.0%, and 
positive predictive value of 88.9%.

Conclusions
Martin et al. reported that the incidence of septic shock 

increased from 1979 through 2000 in the United States 
(11). Using similar methods, we showed an increase in in-
fectious shock in Colorado from 1993 through 2006 and 

estimated that the diagnosis of TSS accounted for as much 
as 27% of all cases of infectious shock. The TSS-specific 
incidence attributed to S. aureus has remained relatively 
constant in Colorado, although TSS attributed to S. pyo-
genes appears to be increasing. The latter has been noted in 
other studies as well (12,13). The observation that TSS ac-
counts for a substantial proportion of all infectious shock is 
of clinical importance because TSS may respond to thera-
pies (e.g., clindamycin, intravenous immune globulin, ste-
roids) not ordinarily used for septic shock caused by other 
organisms, with more favorable outcomes as evidenced by 
significantly lower case-fatality rates for TSS noted in our 
study (5–8). For the current study period of 1993–2006, 
<20% of cases with a specific ICD-9-CM diagnosis of TSS 
(presumed staphylococcal) were reported to the state’s 
passive surveillance system. Passive surveillance systems 
may be of limited use if reported cases are not numerous 
enough to track trends (14). Our data show that the esti-
mated incidence for staphylococcal TSS has not decreased 
significantly in Colorado since 1980 (3,4). Data recently 
published using similar methods also reported stable TSS 
incidence (15).

Our methods have important limitations. Our chart 
validation of coded definitions demonstrated reasonable 
sensitivity and positive predictive value for TSS-specific 
and possible TSS codes at a single institution; however, 
discharge coding among institutions is not necessarily 
consistent or precise and can result in ascertainment errors 
when applied to larger discharge populations. The TSS-
specific code definition most likely underestimates the 
true incidence of less severe disease variants. Discharge  

DISPATCHES

1856	 Emerging Infectious Diseases • www.cdc.gov/eid • Vol. 19, No. 11, November 2013

Figure 1. Yearly rates of 
International Classification of 
Diseases, Ninth Revision, Clinical 
Modification–coded infectious 
shock, Colorado, 1993–2006. 
Insert: cumulative proportion 
of cases. TSS, toxic shock 
syndrome; strep, streptococci; 
staph, staphylococci. 
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databases contain little additional data that would facilitate 
risk factor assessment.

With these limitations, our results suggest that sur-
veillance of TSS with a hospital discharge database pro-
vides significantly more sensitive case ascertainment than 
conventional passive reporting. Electronic definitions that 
use population-based databases could improve identifica-
tion of TSS cases with a better understanding of its epide-
miology. Given the clinical and management differences 
between shock caused by TSS, S. aureus, S. pyogenes, 
and other organisms, it is important to recognize TSS as 
a common cause of infectious shock in persons of both 
sexes and all ages.
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We identified human bocavirus (HBoV) DNA by PCR in 
cerebrospinal fluid from adults and children with encepha-
litis in Sri Lanka. HBoV types 1, 2, and 3 were identified 
among these cases. Phylogenetic analysis of HBoV1 strain 
sequences found no subclustering with strains previously 
identified among encephalitis cases in Bangladesh.

Encephalitis is a serious infection causing high rates 
of illness and, in industrialized countries, has a case-

fatality rate of 6.5%–12% (1,2). However, the situation 
in developing countries is largely unknown. Globally, the 
causes remain unrecognized in 60%–85% of encephalitis 
cases (1,2). Recently, human bocavirus (HBoV) has been 
implicated in causing life-threatening encephalitis in Ban-
gladeshi children (3). In Sri Lanka, information about the 
causative agents of encephalitis is scarce. The aim of this 
study was to determine the occurrence of HBoV and other 
possible pathogens in children and adults with encephalitis 
admitted to a tertiary care hospital in Sri Lanka.

The Study
The study was conducted at Colombo North Teaching 

Hospital, Ragama, Sri Lanka, during July 2009–Novem-
ber 2010. A total of 233 patients (110 adolescents/adults 
>12 years of age and 123 children) were enrolled. Adoles-
cents and adults were admitted to adult wards. Cerebrospi-
nal fluid (CSF) samples were available from 191 patients. 

Criteria for enrolment were as follows: any combination 
of the triad of fever, headache, and vomiting, along with 
altered level of consciousness, seizures, focal neurologic 
deficits, altered behavior, and signs of meningeal irritation. 
Clinical and laboratory information was available for 164 
patients. The male:female ratio for adolescents/adults was 
1.3:1; ages ranged from 12 to 90 years (mean 42 years); For 
children, the male:female ratio was 0.7:1; ages ranged from 
2 to 144 months (mean 48 months). The ethics committees 
of the University of Kelaniya and Oita University approved 
this study.

CSF samples were subjected to macroscopic exami-
nation, total and differential leukocyte counts, bacterial 
culture, Gram staining, and measurement of protein and 
glucose. Blood was cultured for bacteria and examined 
for total and differential leukocyte counts, erythrocyte 
sedimentation rates, and hemoglobin and C-reactive  
protein levels.

Classical encephalitis-causing pathogens (Table) and 
diarrheagenic viruses, such as HBoV, rotavirus, astrovirus, 
norovirus, parechovirus, and human adenovirus (HAdV), 
were determined in CSF by PCR (online Technical Ap-
pendix, wwwnc.cdc.gov/EID/articlepdfs/19/11/12-1548-
Techapp1.pdf) (3–5). Anti-n-methyl-d-aspartate receptor 
(NMDAR) encephalitis was diagnosed by on-cell Western 
analysis (6). For HBoV PCR-positive patients, HBoV types 
1–4-specific IgG and IgM responses in CSF samples were 
measured by enzyme immunoassays (7).

Nucleotide sequences of all amplicons were deter-
mined to confirm the PCR products, to distinguish geno-
types, and to perform phylogenetic analysis (3). BLAST 
analysis (www.ncbi.nlm.nih.gov/blast) was used to identi-
fy the viruses and genotypes. Multiple sequence alignment 
was conducted by using ClustalW2 (www.ebi.ac.uk/clust-
alw). The phylogenetic analysis was done with a neighbor-
joining tree by using MEGA5 (www.megasoftware.net). A 
bootstrap analysis of 1,000 replicates was performed to test 
the reliability of the branching pattern.

The causes of encephalitis were type 2 dengue virus 
in 1 (0.5%) patient, human echovirus (HEcoV) type 9 or 
25 in 2 (1%), HBoV (Table) in 5 (3%), and HAdV 41 in 
7 (4%): all were sole detections. None of the other viruses 
and no bacteria were detected. Samples positive for HBoV 
by primers designed from viral protein 1/2 also were posi-
tive by primers designed from nonstructural protein (NP) 1 
gene. HEcoV was detected in 2- and 9-year-old children. 
HAdV 41 was not confined to children; ages of infected 
patients ranged from 13 months to 55 years. Of 81 CSF 
samples, anti-NMDAR encephalitis was detected in 2 (2%) 
adults (42 and 72 years of age). All patients in this study 
recovered and were discharged, except for one 13-month-
old boy with HAdV 41 encephalitis who left the hospital 
against medical advice.
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The severity of symptoms in the HBoV-positive pa-
tients did not differ from those of patients with other infec-
tions. None of the patients who had positive PCR results 
for HBoV1–3 had corresponding HBoV1–4 IgM or IgG 
in their CSF. Phylogenetic analysis (Figure) of the viral 
protien 1/2 gene showed that the Sri Lanka HBoV1 strains 
did not subcluster with encephalitis-associated Bangladesh 
strain, although they had 97%–98% nt identities. The Sri 
Lanka HBoV1 strains had 98%–99% nt identities among 
themselves and with other HBoV1 strains. The Sri Lanka 
HBoV2 strain was closely related to the Tunisia strain 
(96% nt identity). The Sri Lanka HBoV2 had 90%–91% 
nt identities with the Bangladeshi encephalitis-causing 
strains and 90%–96% nt identities with other HBoV2 
strains. The Sri Lanka HBoV3 strain was closely associ-
ated with the cluster formed by viruses from the United 
Kingdom, Australia, Tunisia, and China and had 96%–
97% nt identities with those strains. The sequence of NP1 
gene is conserved and had 98%–100% nt identities among 
the Sri Lanka strains.

Conclusions
The study in Bangladesh suggested that HBoV-as-

sociated encephalitis might be restricted to malnourished 
children (3). However, our study demonstrates that HBoV 
also can be detected in well-nourished children and adults 
with encephalitis. How HBoV might trigger encephalitis is 
unclear. HBoV viremia has been documented, and the virus 
might therefore have the potential to cross the blood–brain 
barrier. The NP1 of HBoV inhibits interferon-β production 
by the host, suggesting evasion of the innate immune re-
sponse during infection (8).

Unlike the Bangladesh study, where 2 of 4 encephalitis 
patients in whom HBoV was detected died (3), all patients 
in our study recovered. In addition to HBoV1 and HBoV2, 
we detected HBoV3 in a child with encephalitis, which to 
our knowledge, has not been reported as a cause of the dis-
ease. Although HBoV infections occur mainly in children, 
among the 5 Sri Lanka patients with HBoV encephalitis, 3 
were adults or adolescents. None of the patients with HBoV 
encephalitis had HBoV IgM or IgG in their CSF, indicating 
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Table.	Characteristics	of	patients	with	HBoV	encephalitis,	Sri	Lanka,	2009–2010* 

Characteristic 
Sample no. 

93018 56684 84770 64502 285 
Virus	in	CSF      
 Virus detected† HBoV1 HBoV1 HBoV1 HBoV2 HBoV3 
 HBoV	IgM	and	IgG Neg Neg Neg Neg Neg 
Patient	demographic      
 Sex F F M M F 
 Age 66	y 46	y 5	mo 17	y 8	mo 
 Place	of	residence Kaleliya Wattala Mirigama Makola Heiyanthiduwa 
Hospitalization      
 Time	between	illness	onset	and	hospitalization NA 48	h 24	h 48	h 48	h 
 Duration	of	hospitalization 7	d 4 d 12	d 4 d 3	d 
CSF	test	result‡      
 Color Clear Clear Clear Clear Clear 
 Leukocyte	count,	cells/μL 1 0 380 0 0 
  PMNs 0 0 130 0 0 
  Lymphocytes 1 0 250 0 0 
 Protein,	mg/dL NA 113 170 38 25 
 Glucose,	mg/dL 65 160 48 63 83 
 Results	of	Gram	stain Neg Neg ND Neg Neg 
 Bacterial culture ND ND Neg ND ND 
Blood tests§      
 Leukocyte	count,	cells/μL 10,000 15,200 36,500 15,900 13,200 

 PMNs,	% 63.2 70 62 ND 52 
 Lymphocytes,	% 21.6 21 35 ND 47 
 Hemoglobin,	g/dL 12.2 12 7.7 13.2 13.2 
 ESR,	mm/h 27 68 ND ND ND 
 CRP,	mg/dL ND ND >12 ND <6 
Glasgow	coma	score	<15 No Yes,	12 No No No 
Outcome Discharged Discharged Discharged Discharged Discharged 
*HBoV,	human	bocavirus;	CSF,	cerebrospinal	fluid;	Neg,	negative;	NA,	not	available;	PMN, polymorphonuclear	neutrophil:	ND,	not	done;	ESR,	
erythrocyte	sedimentation	rate;	CRP,	C-reactive protein.  
†The	following	viruses	were	tested	for	herpes	simplex	virus	(HSV)	type	1,	HSV-2,	varicella-zoster	virus	(HSV-3),	Epsetin-Barr	virus	(human	herpesvirus 
[HHV]	type	4),	cytomegalovirus	(HHV-5),	(HHV-6),	HHV-7,	HHV-8,	dengue	virus,	Japanese	encephalitis	virus,	rubella	virus,	West	Nile	virus,	yellow	fever	
virus,	tick-borne	encephalitis	virus,	Nipah	virus,	measles	virus,	mumps	virus,	parainfluenza	virus,	respiratory	syncytial	virus,	metapneumovirus,	
Chikungunya	virus,	Sindbis	virus,	Semliki	Forest	virus,	eastern	equine	encephalitis	virus,	western	equine	encephalitis	virus, poliovirus,	Coxsackie	virus,	
echovirus,	enterovirus,	lyssaviruses,	and	Chandipura	virus.	Bacteria	were	tested	by	PCR	amplification	of	16S rRNA,	followed	by	sequencing. 
‡Reference values: leukocyte count <5 cells/mm3 and	all	lymphocytes;	PMNs,	none;	protein,	20–45	mg/dL;	glucose,	50–80	mg/dL	or	>50%	of	blood	
glucose level. 
§Reference	values:	leukocyte	count,	4,000–11,000	cells/mm3;	PMNs,	40–60%	of	leukocyte	count;	lymphocytes,	20%–40%	of	leukocyte	count;	
hemoglobin,	men:	14–18	g/dL,	women,	(12–15	g/dL,	children:	11–16	g/dL;	ESR,	<20	mm	in1st	hr.,	CRP,	<12	mg/dL. 
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how rapidly disease onset occurred and how little time the 
immune system had to respond. Generally, the specific se-
roprevalence rate of HBoV1 antibodies in infected persons 
is 59%, followed by HBoV2, 3, and 4 (34%, 15%, and 2%, 
respectively) (7).

Our detection rate of viruses as a cause of encephalitis 
was 7.5%, and adding anti-NMDAR encephalitis, the detec-
tion rate increased to 10%, which is similar to that of another 
study (9). Anti-NMDAR encephalitis is becoming a domi-
nant cause of encephalitis in certain population (10); how-
ever, in Sri Lanka, it is 1%–4%, similar to other studies (11).

Dengue virus is the leading endemic cause of encepha-
litis in Brazil (12). This infection is also endemic to Sri 
Lanka and, before our study, dengue encephalitis was sus-
pected but unconfirmed in the population. Enteroviruses 
frequently cause CNS infection, and the HEcoV 9 and 25 
found here are known to cause encephalitis (13).

Among the HAdVs, serotype F is mainly responsible 
for gastroenteritis, whereas encephalitis is caused mainly 
by serotypes B, C, and D (14,15). The large number of 
HAdV 41 encephalitis cases indicates a unique epidemiol-
ogy in Sri Lanka.

Herpes simplex and varicella-zoster viruses are impli-
cated as the major causes of encephalitis. However, these 

viruses were not responsible for encephalitis in our study 
or in the studies in Bangladesh. HBoV is dominant in both 
Bangladesh and Sri Lanka. The limitation of our study is 
that causation could not be proven by the presence of HBoV 
antibody during infection or the absence of HBoV DNA in 
the CSF when recovered. The HBoV DNA detected in our 
study may represent persistent DNA from past infection; 
however, history of recent respiratory or diarrheal infec-
tion was absent. Future studies using quantitative PCR and 
serology are warranted to better establish the etiologic role 
of HBoV infection and encephalitis.
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Figure. Phylogenetic tree of the 
partial VP 1/2 gene (nucleotide 
positions 3233–3808, amplicon 
size 575 bp) of HBoVs constructed 
by using nucleotide sequence 
by neighbor-joining method. The 
strain name is followed by country 
of origin and year of sample 
collection in parentheses, followed 
by the DDBJ/EMBL/GenBank 
accession no.; xxx indicates that 
the year of sample collection is 
undocumented. Sri Lanka and 
Bangladesh encephalitis-causing 
bocaviruses are indicated by 
circles and diamonds, respectively. 
The number adjacent to the node 
represents the bootstrap value, 
and values <70% are not shown. 
Scale bar indicates genetic 
distance expressed as nucleotide 
substitutions per site. (The DDBJ/
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A timely measure of circulating influenza virus severity 
has been elusive.  Flutracking, the Australian online influen-
za-like illness surveillance system, was used to construct 
a surveillance pyramid in near real time for 2011/2012 par-
ticipants and demonstrated a striking difference between 
years. Such pyramids will facilitate rapid estimation of at-
tack rates and disease severity.

Data from several influenza surveillance systems are 
integrated in Australia each year (1–3) to create a 

timely and accurate picture of influenza activity. Each sur-
veillance method has its strengths and limitations. The on-
line national Flutracking surveillance system contributes 
to Australian influenza surveillance by providing weekly 
community-level influenza-like illness (ILI) attack rates 
not biased by health-seeking behavior and clinician-testing 
practices (4–7). The Flutracking surveillance system has 
been incorporated into the weekly national Australian in-
fluenza report since 2009 (3) to 1) compare ILI syndrome 
rates of vaccinated and unvaccinated participants to detect 
interpandemic and pandemic influenza and provide early 
confirmation of vaccine effectiveness or failure; 2) provide 
consistent surveillance of influenza activity across all ju-
risdictions and over time; and 3) enable year-to-year com-
parison of the timing, incidence, and severity of influenza.

In 2011, new questions were added to the Flutracking 
surveillance system to document health-seeking behavior 
and laboratory confirmation of influenza infection among 
participants. This enabled regular timely calculation of 
influenza surveillance pyramids to examine the propor-
tion of participants with ILI that sought medical care, the 
type of medical care sought, and the proportion tested for, 
and confirmed to have, influenza infection. Surveillance 

pyramids provide a model for estimating the relative attri-
tion as patients transition the multiple steps for an episode 
of illness to be registered in surveillance data (8).  Flu-
tracking data for 2011 and 2012 were used to investigate 
whether a near real time severity measure for circulating 
influenza strains could be determined.

The Study
The Flutracking surveillance system was in operation 

for 24 weeks in 2011 from the week ending May 8 to the 
week ending October 16, and 24 weeks in 2012 from the 
week ending May 6 to the week ending October 14. Re-
cruitment methods in 2011 and 2012 were similar to those 
used in 2007–2010 (4).

The weekly survey questions in 2011 and 2012  
were similar to those used in 2007–2010 (4). However, in 
2011, the following questions were added to the weekly 
questionnaire:

Did participants reporting cough and fever seek health 
advice because of their illness? Response options for type 
of advice sought included  an emergency department/after-
hours service, general practitioner, 24-hour health advice 
telephone hotline, advice from other medical professional, 
or admitted as a hospital inpatient. Did a doctor or nurse 
tell the participant, who sought health advice, that they had 
influenza or another illness? Did you have an influenza test 
(for those who sought health advice)? If so, was it positive 
for influenza?

We compared participation numbers from 2006 
through 2012 at national level. Surveillance pyramids 
were then produced for 6-week blocks for the weeks end-
ing as follows: in 2011, May 8–June 12, June 19–July 
24, July 31–September 4, and September 11–October 16; 
and in 2012, May 6–June 10, June 17–July 22, July 29–
September 2, and September 9–October 14. The pyramid 
base comprised the number of participants reporting fever 
and cough over the 6-week period; the next layer was the 
subset of participants who sought medical advice (from 
a general practitioner, emergency department/after-hours 
service, as a hospital inpatient,). The next layer was the 
number of participants who reported having a laboratory 
test for influenza or a positive influenza laboratory test 
result over the 6-week period. We used these pyramids to 
estimate the relationship between ILI at the community 
level and national influenza laboratory reports. In addi-
tion, we calculated the weekly percentage of participants 
in 2011 and 2012 who had fever and cough and >2 days 
off from work or normal duties, as well as the weekly 
percentage of participants in 2011 and 2012 who visited a 
general practitioner or emergency department or stayed in 
a hospital because of fever and cough.

The number of participants who had completed at 
least 1 survey increased from 394 in 2006, to 982 in 2007, 
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4,827 in 2008, 8,546 in 2009, 12,581 in 2010, 13,101 in 
2011, and 16,046 in 2012.  Among the 12,109 participants 
in 2011 and 14,467 participants in 2012 who completed at 
least 1 survey in the first 4 weeks of the survey each year, 
the median weekly participation rate for the remainder of 
each year was 95.8%. Of the 318,302 surveys completed 
in 2012, participants reported 10,379 (3.3%) episodes of 
fever and cough, and among 263,778 surveys completed in 
2011, there were 8,009 (3.0%) reported episodes of fever 
and cough. Those who experienced the 8,009 episodes also 
reported 2,409 (30.1%) visits to general practitioners along 
with 184 (2.3%) visits to other health professionals, 142 
(1.8%) visits to emergency departments, 45 calls (0.6%) to 
24-hour advice lines, and 39 (0.5%) stays in the hospital.

In 2012, among 10,379 episodes of  fever and cough 
reported by Flutracking participants, participants reported 
3,170 (30.5%) visits to general practitioners, 202 (1.9%) 
visits to other health professionals, 189 (1.8%) visits to 
emergency departments, 69 (0.7%) calls to 24-hour ad-
vice lines, and 37 (0.4%) stays in the hospital. In 2011, the 
proportion of participants with fever and cough, who also 
sought medical advice and had a positive laboratory test, 
was highest during September 11–October 16. During this 
period, 34.4% (573/1,665) of participants sought medical 
advice for their symptoms, and 4.5% (26/573) of partici-
pants who sought medical advice had a laboratory test for 
influenza, of whom 50.0% (13/26) reported having a posi-
tive influenza test result. 

In 2012, the proportion of participants with fever 
and cough, who sought medical advice and had a posi-
tive laboratory test result, was highest during July 29–
September 2. During this period, 34.5% (1,054/3,059) of 
participants sought medical advice for their symptoms, 
and 8.6% (91/1,054) of participants who sought medi-
cal advice had a laboratory test for influenza, of whom 
35.2% (32/91) reported having a positive influenza test 
result (Table). Compared with 2011 participants, a higher 
weekly percentage of participants in 2012 took >2 or days 
off from work, visited general practitioners or emergency 

departments, and stayed in the hospital because of fever 
and cough (Figure).

Conclusions
The addition of questions on health-seeking behav-

ior and laboratory testing for influenza in the Flutracking 
surveillance system enabled rapid construction of a sur-
veillance pyramid during 2011 and 2012 with progressive 
data available for each stratum of the pyramid on a weekly 
basis. Such analyses generally require integration of data 
from multiple and disparate surveillance systems.

Every Flutracking participant who reported laboratory-
confirmed influenza represented 96 to 595 cases of cough 
and fever in the larger cohort. Although only a proportion 
of cough and fever cases would be true influenza, the pro-
portion of true cases can be estimated (9).

The increased index of severity of illness among Flu-
tracking participants in 2012 compared to 2011 is contem-
poraneous with a change in the circulating influenza strains 
from the predominant influenza A(H1N1)pdm09 strain to 
a subtype H3N2 influenza strain and the increased sever-
ity of illness reported by national and regional surveillance 
systems (3). 

Although the Flutracking surveillance system relies 
on self-reports, its capacity to construct a surveillance 
pyramid from community ILI through to confirmed influ-
enza and various strata of surveillance in near real-time 
is a unique attribute. Constructing such pyramids will fa-
cilitate the estimation of community level attack rates and 
severity of influenza, changes in health-seeking behavior, 
and influenza testing during seasonal and pandemic influ-
enza periods.
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Table.	Comparison	of	6	weekly	Flutracking	surveillance	pyramid	results,	Australia,	2011	and	2012* 

Participant	
characteristic 

No.	(%) participants,	by	week 
May	8–Jun	
12,	2011 

May	6–Jun	
10,	2012 

Jun	19–Jul	
24,	2011	 

Jun	17–Jul	
22,	2012 

Jul	31–Sep 
4,	2011 

Jul	29–Sep 
2,	2012 

Sep 11–Oct 
16,	2011 

Sep	9–Oct 
14,	2012 

Positive	laboratory	test	
result 

9	(0.5) 4	(0.2) 8	(0.4) 21	(0.6) 15	(0.7) 32	(1.1) 13	(0.8) 10	(0.6) 

Laboratory	test	for	
influenza 

24	(1.2) 26	(1.1) 38	(1.8) 35	(1.1) 28	(1.2) 91	(3.0) 26	(1.6) 21	(1.3) 

Sought medical advice 
(GP/ED/inpatient) 

569	(28.9) 679	(28.5) 690	(32.4) 1,052	(32.0) 698	(31.1) 1,054	(34.5) 573	(34.4) 521	(31.6) 

Reported	fever	and	
cough 

1,967	
(100.0) 

2,380	
(100.0) 

2,131	
(100.0) 

3,289	
(100.0) 

2,246	
(100.0) 

3,059	
(100.0) 

1,665	
(100.0) 

1,651	
(100.0) 

No.	surveys	completed 64,869 77,235 67,612 81,365 67,006 81,385 64,290 78,317 
Ratio	of	positive	
laboratory test results to 
cough and fever 

1:218 1:595 1:266 1:157 1:150 1:96 1:128 1:165 

*GP,	general	practitioner;	ED,	emergency department.  
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We conducted a longitudinal community cohort study 
of healthy adults in the UK. We found significantly higher 
incidence of influenza A(H1N1)pdm09 infection in 2010–11 
than in 2009–10, a substantial proportion of subclinical in-
fection, and higher risk for infection during 2010–11 among 
persons with lower preinfection antibody titers.

Case-based population-level surveillance and cross-
sectional serologic surveys to estimate incidence and 

patterns of influenza infection are limited by the lack of ac-
curate denominator data, inability to account for subclini-
cal infections, difficulties in distinguishing between anti-
bodies induced by natural infection and vaccination, and 
use of samples from high-risk groups. For these reasons, 
community-based longitudinal studies are ideal to estimate 
the incidence of infection and spectrum of illness. How-
ever, studies of this design describing the 2009 pandemic 
of influenza A(H1N1)pdm09, reported only from Hong 
Kong, Singapore, and Vietnam, examine only the 2009–10 
season (1–3).

The epidemiology of A(H1N1)pdm09 in the United 
Kingdom during 2009–2011 was characterized by 3 dis-
tinct waves: first wave, April–August 2009; second wave, 
September 2009–April 2010; and third wave, August 
2010–April 2011. We report results from a community-
based longitudinal cohort study that compared the epi-
demiology of influenza A(H1N1)pdm09 infection over 
the second and third waves. The North West London Re-
search Ethics Committee approved this study (reference 
09/H0724/27).

The Study
A total of 342 healthy adult staff and students of Impe-

rial College London (London, UK) were recruited during 
September–November 2009 and followed for 2 consecu-
tive influenza seasons: 2009–10 and 2010–11 (Figure 1). 
Participants’ median age was 28 years (interquartile range 
20–36 years); 83% were <40 years of age. At each time 
point, collected serum samples were tested for antibodies 
to A(H1N1)pdm09 virus (A/England/195/09 strain) by the 
hemagglutination-inhibition (HI) assay (4). Participants 
were asked to record temperature, self-sample, and return 
nasal swabs when experiencing influenza-like symptoms. 
Swabs were tested for respiratory viruses with standardized 
real-time reverse transcription PCR. Influenza seropreva-
lence rates were defined as the proportion of persons with 
HI titers >32 (4).

Because our study began at the end of the first pan-
demic wave, cumulative incidence of A(H1N1)pdm09 in-
fection over the first wave was estimated as the difference 
between age-specific seroprevalence rates at recruitment 
(T0 in Figure 1) and published prepandemic (2008) sero-
prevalence rates for England (4). Incident infection was 
defined as antibody seroconversion (4-fold rise in HI titer) 
in paired serum samples collected at the start and end of a 
wave among unvaccinated persons (because HI assay can-
not differentiate infection from vaccination) or detection 
of A(H1N1)pdm09 virus in nasal swabs. The incidence of 
infection was estimated for the second and third waves as 
the proportion of incident infections among unvaccinated 
participants.

Development of any symptoms was recorded on 
a Web-based questionnaire emailed to participants ev-
ery 3 weeks. The average response rate was 75%. Illness 
episodes were categorized as acute respiratory infection 
(episode with any symptoms), influenza-like illness ([ILI] 
episode with fever plus cough or sore throat), and fever (re-
corded temperature >38°C) alone. Visits to primary care or 
hospital during illness were also recorded. Data were ana-
lyzed using Stata version 9.0 (StataCorp, College Station, 
TX, USA) with the χ2 test to compare proportions and t test 
to compare means after checking for normal distribution by 
assessing for kurtosis, skewness, and the Shapiro-Wilk test. 
Hosmer-Lemeshow test was used to estimate goodness-of-
fit for each logistic regression.

At recruitment, after the first pandemic wave, A(H1N1)
pdm09 seroprevalence was 26% (95% CI 21.4–31.2), with 
seroprevalence significantly higher in participants 18–25 
years of age than in older age groups (Table 1). Participants 
with ILI in the preceding 3 months corresponding to the first 
wave had significantly higher (p<0.001) mean A(H1N1)
pdm09 virus HI titers, which in conjunction with the age 
distribution, suggests first-wave infection rather than 
cross-reactive antibodies (5). Overall cumulative incidence  
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Incidence of Influenza A(H1N1)pdm09 Infection

during the first wave was 12.7% (95% CI 7.1%–18.4%) 
and 26.6% (95% CI 15.3%–37.8%) among participants 
18–25 years of age with no increase in older age groups 
(online Technical Appendix Table 1, wwwnc.cdc.gov/EID/
articlepdfs/19/11/13-0295-Techapp1.pdf ).

The incidence of infection over the third pandemic 
wave was significantly higher (p = 0.02) than over the sec-
ond wave (Figure 1). Among participants with prewave ti-
ters <8, the incidence of infection was significantly higher 
over the third wave than over the second wave (p<0.001); 
incidence did not differ for participants with prewave 
titers >8 (Table 2, Appendix, wwwnc.cdc.gov/EID/

article/19/11/13-0293-T2.htm). Age-specific incidence was 
significantly higher (p = 0.01) over the third wave than the 
second wave among participants 26–40 years of age (third 
wave: 25.4% [95% CI 15.2–35.5]; second wave: 10.9% 
[95% CI 5.1–16.7]) but not the other age groups (Table 2, 
Appendix). For 11 infected participants with paired serum 
samples and virus detected in nasal swabs, 2 (18%) did not 
show antibody seroconversion (online Technical Appendix 
Table 2).

During an illness episode, 20% of infected participants 
reported fever or ILI, 17% visited their general practitioner, 
and none visited a hospital (Figure 2). Because predictions 
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Figure 1. Incidence of natural influenza A(H1N1)pdm09 infection in the study cohort during the 3 pandemic waves in context of the evolving 
pandemic, United Kingdom. Study outline is depicted in the upper panel in temporal context of the pandemic during the 2009–2011 influenza 
seasons. The bar chart shows UK influenza virologic surveillance data from WHO Flunet (www.who.int/influenza/gisrs_laboratory/flunet/
en/) highlighting the periods of study recruitment and follow-up in relation to influenza A activity in the United Kingdom during 2009–2011. 
Light gray bars indicate influenza A of all subtypes; dark gray bars indicate the number of A(H1N1)pdm09 cases detected by virologic 
national surveillance. Healthy adults were recruited after the first pandemic wave (April–August 2009) had ended in the United Kingdom 
and were followed over 2 influenza seasons, with serum samples collected before and at the end of each influenza season. The median 
time between visits is shown. The second wave was defined as baseline (September–November 2009) to first follow-up (February–April 
2010) and the third wave as the time between the second follow-up (August–November 2010) and the third follow-up (February–April 
2011). The light gray bracket and numerals represent the estimated cumulative incidence of infection over the first pandemic wave by 
calculating the difference between and seroprevalence rates at baseline in the cohort and prepandemic (2008) published seroprevalence 
rates. Infection was defined as detection of A(H1N1)pdm09 virus in nasal swabs returned during the second or third wave or a 4-fold rise 
in A(H1N1)pdm09 virus HI titer in paired serum samples collected at the start and end of each wave. The number of infected persons 
with total persons at risk during each of the second and third waves with calculated incidence rate and 95% CIs are shown. WHO, World 
Health Organization; IQR, interquartile range; HI, hemagglutination-inhibition. *Infection rates in the first wave reflect cumulative incidence 
of infection, estimated by calculating the difference in proportion of persons with HI titer >32 between baseline (T0) and published Health 
Protection Agency data before the pandemic in 2008.



of a small third pandemic wave were disproved (4), the 
reasons for this large wave remained unclear. Multivari-
ate logistic regression was undertaken with infection as the 
dependent variable and age, sex, and prewave titers as in-
dependent variables. Each doubling increase in prewave HI 
titers, after adjustment for age and sex, was associated with 
significantly lower risk for infection (odds ratio 0.92, 95% 
CI 0.9–1.0, p = 0.04) during the third, but not the second, 
wave (Table 2, Appendix).

Conclusions
Incidence of A(H1N1)pdm09 infection was sig-

nificantly higher among healthy adults during the third 
pandemic wave (2010–11) than during the second wave 
(2009–10). This study complements and corroborates clini-
cal surveillance data and population-sampling seroepide-
miology from the United Kingdom (4,6,7), United States 
(8) and elsewhere (9).

The reasons for this unexpectedly larger third wave 
in the postpandemic season remain unclear. We show an 
increased risk for A(H1N1)pdm09 infection associated 
with lower antibody levels at the start of the season, irre-
spective of age, during the third, but not the second, wave. 
Because no substantial viral genetic change occurred be-
tween the waves (7), our finding suggests that the third 
wave was driven by infection among susceptible persons 
remaining antibody-naive at the end of the second wave. 
This thesis is supported by serosurveillance data showing 
lower infection rates over the third wave among age groups 
with the highest infection rates over previous pandemic 
waves (7,8). Our interpretation is further strengthened by a  
meta-analysis of serologic data from 19 countries that 

showed 20%–27% incidence of infection during the first 
pandemic year, suggestive of a large population susceptible 
to infection in subsequent seasons (10).

Incidence in our cohort was lower than that estimated 
for England by cross-sectional serosurveys (7,11). This 
finding may reflect our accounting for individual-level 
vaccination status and baseline antibody titers; data usu-
ally unobtainable with cross-sectional population-sample 
serosurveys. However, our study did not include children 
or elderly persons, which limits the generalizability of our 
findings. A major advantage of longitudinal cohort studies 
recording clinical data is identification of subclinical and 
asymptomatic infections. More than 80% of participants 
did not seek primary care or have surveillance-defined ILI 
indicating a high proportion of subclinical infection among 
healthy adults undetectable by routine case-based surveil-
lance. We also describe persons shedding virus without 
antibody seroconversion, a phenomenon recently report-
ed in Vietnam and the United Kingdom (4,12). Although 
these nonseroconverters might have antibodies detectable 
by microneutralization assay, such nonseroconverters, 
undetectable by serosurveys using the standard HI assay, 
further highlight the possibility of underestimating com-
munity infection rates when cross-sectional serosurveys 
alone are used. 

Despite our intensive symptom ascertainment, 4 par-
ticipants with influenza reported no symptoms. Cross-re-
active cellular immune responses that are highly prevalent 
in the population (13) have recently been shown to be as-
sociated with protection against symptomatic illness (14). 

Our analysis of pandemic influenza in a commu-
nity cohort over successive seasons offers insight into 
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Table	1.	Seroprevalence	of	influenza	A(H1N1)pdm09	antibodies	at	baseline,	United	Kingdom,	2009–2011* 

 Risk	factor 
HI titer, no. (%)† 

GMT	(95%	CI) p value§ <8 8–32 >32 Total p value‡ 
Total  202	(62.0) 39	(12.0) 85	(26.1) 326  11.6	(10.0–13.4)  
Sex        
 M 92	(58.2) 22	(13.9) 44	(27.8) 158 0.48 12.8	(10.3–15.8) 0.19 
 F 110	(65.5) 17	(10.1) 41	(24.4) 168  10.6	(8.7–12.8)  
Age	group,	y¶        
 18–25 57	(44.9) 15	(11.8) 55	(43.3) 127 Ref 20.4	(15.5–26.8) Ref 
 26–40 99	(73.9) 19	(14.2) 16	(11.9) 134 <0.001 7.8	(6.6–9.1) <0.001 
 41–55 32	(74.4) 2	(4.7) 9	(20.9) 43 0.01 8.6	(6.2–11.8) <0.001 
 >56 9	(64.3) 1	(7.1) 4	(28.6) 14 0.29 9.2	(5.3–16.0) 0.14 
Seasonal	influenza	vaccination	in	2008#       
 Yes 23	(54.8) 5	(11.9) 14	(33.3) 42 0.19 12.6	(8.6–18.3) 0.56 
 No 174	(64.2) 32	(11.8) 65	(24.0) 271  11.1	(9.5–13.0)  
Self-reported	history	of	ILI	in	3	mo	before	recruitment**      
 Yes 9	(36.0) 3	(12.0) 13	(52.0) 25 <0.01 35.7	(16.5–77.0) <0.001 
 No 189	(64.3) 36	(12.2) 69	(23.5) 294  10.5	(9.2–12.1)  
*HI,	hemagglutination	Inhibition;	GMT,	geometric	mean	titer;	Ref,	referent;	ILI,	influenza-like illness. 
†Of the 342 participants in the study, 16 were missing data on HI assay results. 
‡p	value	comparing	the	number	of	persons	with	a	titer	>32. 
§p value	comparing	the	GMT.	For	age	categories,	p	value	represents	the	test	for	trend. 
¶Data	available	for	314	persons. 
#Data	available	for	313	persons. 
**Data	available	for	319	persons. 
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contributors of the unexpectedly larger third pandemic 
wave. Our analysis also highlights the necessity of using 
cohorts to complement routine case-based surveillance 
to estimate influenza burden.
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Figure 2. Proportion of influenza A(H1N1)pdm09–infected persons 
who had symptoms during their illness episode during the second 
wave (September 2009–April 2010), third wave (August 2010–April 
2011), and entire study period, United Kingdom. Proportion of 
persons with reported symptoms over the study period is combined 
from the second and third waves. Symptoms were recorded by a 
Web-based symptom questionnaire emailed to participants every 
3 weeks. Symptoms associated with illness episode were acute 
respiratory infection (ARI; illness episode with any symptoms), 
influenza-like illness (ILI; episode with fever plus cough or sore 
throat), fever (recorded temperature >38°C) alone, or visit to a 
general practitioner (GP). The graph depicts the average with 95% 
CIs calculated by using binomial distribution.



Nontoxigenic 
Highly Pathogenic 
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diphtheriae,  
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Twenty-five cases of nontoxigenic Corynebacte-
rium diphtheriae infection were recorded in Poland during 
2004–2012, of which 18 were invasive. Alcoholism, home-
lessness, hepatic cirrhosis, and dental caries were predis-
posing factors for infection. However, for 17% of cases, no 
concomitant diseases or predisposing factors were found.

Corynebacterium diphtheriae is the causative agent of 
diphtheria. Its toxin is considered the major virulence 

factor. Since introduction of vaccine against the diphtheria 
toxin in the 1940s, infections caused by toxigenic coryne-
bacteria have been well controlled in industrialized coun-
tries that have high coverage rates of childhood vaccination 
with 3 doses of diphtheria-tetanus-pertussis vaccine (1). 
Nevertheless, emergence of nontoxigenic C. diphtheriae 
infections has been reported in some of these countries.

In line with other European countries, Poland routinely 
vaccinates against diphtheria (online Technical Appendix, 
wwwnc.cdc.gov/EID/article/19/11/13-0297-Techapp1.
pdf). According to data from the World Health Organi-
zation, >95% of children in Poland are fully vaccinated 
against diphtheria. The last diphtheria case was recorded 
there in 2000 (www.who.int/immunization_monitoring/
data/incidence_series.xls).

The absence of diphtheria during the past 13 years 
suggests that the high vaccination coverage rates in Poland 
protect against diphtheria. In 2004, the first case of sepsis 
caused by nontoxigenic C. diphtheriae was recorded (2). 
Other cases were recorded in 2006, and since 2007, several 
cases of C. diphtheriae invasive infections have been re-
corded every year (Table 1). In addition, local infections—
usually wound infections—caused by nontoxigenic C. 
diphtheriae were recorded (Table 2). A total of 25 nontoxi-
genic C. diphtheriae infections were recorded in Poland in 
2004–2012, of which 18 were invasive infections.

The Study
All patients were admitted to local hospitals and clini-

cal samples for microbiological investigations were sent to 
the nearest laboratories. C. diphtheriae isolates were sent 
to National Institute of Public Health–National Institute of 
Hygiene for confirmation and toxigenicity testing, biotyp-
ing, pulsed-field gel electrophoresis (PFGE), multilocus 
sequence typing (MLST), and ribotyping. Case classifica-
tion and microbiological methods used are presented in the 
online Technical Appendix. Data collected for epidemio-
logic analysis included location; type of infection; year of 
presentation; and patient age, sex, concomitant diseases, 
socioeconomic status, and intravenous drug use (IVDU).

All isolates from local and invasive infections were 
identified as biotype gravis, except for the isolate from pa-
tient Loc-05, which was identified as biotype mitis. All 25 
isolates were characterized by PFGE, and 20 isolates (18 
from invasive and 2 from local infections) were character-
ized by MLST (3–5). All the isolates except the mitis iso-
late belonged to the same pulsotype revealed by PFGE. All 
the isolates characterized by MLST belonged to genotype 
sequence type 8. Eight of the isolates (5 from invasive and 
3 from local infections) also were genotyped by using ri-
botyping. All 8 isolates showed indistinguishable ribotype 
patterns (3).

All but 1 invasive infection were identified in male pa-
tients, whereas local infections affected male and female 
patients similarly. Age groups of patients most affected by 
invasive infections were 31–40 years, followed by 51–60 
years; for local infections, persons 51–60 years of age were 
mostly affected (Figure). Patients’ ages ranged from 17 to 
71 years. The cases occurred in various parts of Poland; no 
epidemiologic links were identified.

Epidemiologic data analysis revealed that predispos-
ing factors of nontoxigenic C. diphtheriae invasive infec-
tions were related to conditions associated with low socio-
economic status, such as alcoholism, homelessness, and 
dental caries, as well as to hepatic cirrhosis. For 3 (17%) 
patients (Inv-08, Inv-09, Inv-13), no concomitant diseases 
or predisposing factors were identified. These were healthy 
men aged 17, 24, and 37 years of age, respectively. Predis-
posing factors for local infections were not analyzed. The 
sources of all infections described in the study were not 
identified. Despite IVDU being regarded as a risk factor for 
C. diphtheriae invasive infection, none of the patients were 
intravenous drug users.

Conclusions
Diphtheria is a rare disease in Europe. In 2006–2009 

only 150 cases were reported in European Union and Eu-
ropean Economic Area/European Free Trade Association 
countries. Most of the cases (114 cases) occurred in Latvia, 
where diphtheria is endemic. The other diphtheria cases 
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Nontoxigenic C. diphtheriae, Poland

were reported in France (10 cases), Germany (6), Sweden 
(2), United Kingdom (16), and Norway (4) (6). However, 
infections from nontoxigenic C. diphtheriae have been re-
ported in several European countries, such as Germany (7), 
United Kingdom (8), France (5), Switzerland (9), and Italy 
(10), during the past few years. In Poland, persons most af-
fected were 31–40 years and 51–60 years of age, whereas 
in other countries most patients were younger (up to 34 
years of age). No C. diphtheriae infections among children 
were recorded in Poland, whereas in France, almost 20% 
of invasive infections were diagnosed in children. On the 
other hand, in Italy and the United Kingdom, 70% and 13% 
of isolates, respectively, originated from patients <15 years 
of age (5,8,10).

In Poland, all but 1 strain isolated from local and inva-
sive infections belonged to biotype gravis, whereas biotype 
mitis dominated among the invasive isolates in Switzerland 
and France, and biotype gravis dominated among isolates 
from local infections in Italy and the United Kingdom 
(5,8–10). All but 1 isolate from Poland represent a single 
clone despite isolation of the strains in different part of the 
country over a 9-year period. This phenomenon has not 
been documented in any countries reporting nontoxigenic 
C. diphtheriae infections. This raises a valid question: is 
a single clone of C. diphtheriae circulating in Poland or 

does the identified clone have increased pathogenic proper-
ties? This question remains unanswered because the carrier 
state of C. diphtheriae has not been examined in the Polish 
population.

Taking these data and the literature review into consid-
eration, C. diphtheriae infections frequently are associated 
with endocarditis. Muttaiyah et al. (11) and Mishra et al. 
(12) demonstrated that most patients with C. diphtheriae 
endocarditis have underlying cardiac disease, prosthetic 
valves, or a history of IVDU. This finding, however, was 
not observed among patients in Poland.

The portal of entry for invasive nontoxigenic C. diph-
theriae infection has not been fully elucidated. However, 
some authors shown that skin lesions are the most likely 
sources (9,13,14). In the cases presented here, skin ulcer-
ation was uncommon (1 case), but dental caries were found 
in >22% of cases. Dental caries could be a portal of entry.

The main limitation of this work is lack of complete 
data. Nevertheless, nontoxigenic C. diphtheriae can be 
concluded to be an emerging pathogen in Poland and has 
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Table	1.	Cases	of	bloodstream	infections	caused by nontoxigenic Corynebacterium diphtheriae,	Poland,	2004–2012 
Patient Age,	y/sex Concomitant	disease Location Year Additional information 
Inv-01 38/M Dental caries Warsaw 2004 Endocarditis diagnosed 
Inv-02 ND/M ND Bydgoszcz 2006 Homeless 
Inv-03 51/M HIV	suspected Gdynia 2007  
Inv-04 37/M Dental caries Gdynia 2007 Endocarditis diagnosed 
Inv-05 53/M Alcoholism,	hepatic	cirrhosis Rzeszów 2008  
Inv-06 50/F Portal	and	posthepatitic	C	cirrhosis,	dental	caries Bydgoszcz 2008  
Inv-07 32/M Alcoholism,	abscess of the liver Gdynia 2008  
Inv-08 24/M Not	identified Gdynia 2009  
Inv-09 17/M Not	identified Kraków 2009  
Inv-10 60/M Alcoholism Sosnowiec 2009  
Inv-11 60/M Dental	caries,	frostbite	of	feet Bydgoszcz 2010 Homeless 
Inv-12 36/M Alcoholism,	delirium Gdynia 2010  
Inv-13 37/M Not	identified Legnica 2010 Endocarditis diagnosed 
Inv-14 ND/M ND Sosnowiec 2011  
Inv-15 50/M Skull	trauma,	skin	ulceration Radom 2011 Homeless 
Inv-16 71/M Stroke Kraków 2011  
Inv-17 65/M Hepatic	cirrhosis,	encephalopathy,	diabetes	mellitus Gdańsk 2012  
Inv-18 ND/M Stroke Poznań 2012 Endocarditis diagnosed 
ND,	no	data. 

 

Table	2.	Local	infections	caused	by	nontoxigenic	
Corynebacterium diphtheriae, Poland,	2004–2012 

Patient Age,	y/sex Location Year 
Site of C. 

diphtheriae isolation 
Loc-01 ND/M Bydgoszcz 2007 Wound 
Loc-02 29/F Warszawa 2007 Fistula 
Loc-03 ND/M Bydgoszcz 2007 Wound 
Loc-04 51/M Warszawa 2008 Wound 
Loc-05 61/F Bydgoszcz 2010 Shank cyst 
Loc-06 56/F Gdynia 2010 Wound 
Loc-07 59/M Warszawa 2012 Wound 
ND,	no	data. 

 

Figure. Number of nontoxigenic Corynebacterium diphtheriae 
infections, Poland, 2004–2012. Excluded are 5 cases for which no 
data were available.



the potential to cause serious infections. The number of 
nontoxigenic C. diphtheriae infections might be higher 
because reporting of only toxigenic C. diphtheriae infec-
tions is mandatory in Poland. Moreover, in clinical settings, 
detection of coryneform bacteria in blood cultures is often 
dismissed as contamination, and in severe cases of the dis-
ease, C. diphtheriae might never be identified as the etio-
logic agent of bloodstream infection.

Homelessness, alcohol abuse, IVDU, and diabetes 
mellitus were mentioned in the literature as risk factors for 
C. diphtheriae invasive infections. In the cases presented 
here, 31% of patients were homeless, and 22% reported al-
cohol dependency but only 1 patient had diabetes mellitus. 
No patients reported IVDU. In 17% of cases, hepatic cir-
rhosis was ascertained, which suggests that it also may be 
another predisposing factor to infection. Moreover, dental 
caries is a highly probable portal of entry of C. diphtheriae 
invasive infection and has not been documented by other 
authors. However, such infections also might occur in per-
sons with no identified predisposing factors.
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Tula Hantavirus  
Infection in  

Immuno- 
compromised Host,  

Czech Republic
Hana Zelená,1 Jakub Mrázek,1 and Tomáš Kuhn1

We report molecular evidence of Tula hantavirus as 
an etiologic agent of pulmonary-renal syndrome in an im-
munocompromised patient. Acute hantavirus infection was 
confirmed by using serologic and molecular methods. Se-
quencing revealed Tula virus genome RNA in the patient’s 
blood. This case shows that Tula virus can cause serious 
disease in humans.

Hantaviruses are enveloped RNA viruses carried by 
rodents and insectivore species. At least 5 hantavirus 

species are known to circulate in Europe: Dobrava-Bel-
grade virus, Puumala virus (PUUV), Seoul virus, Saarema 
virus, and Tula virus (TULV). The first 3 are well-charac-
terized human pathogens; however, little is known about 
TULV human pathogenicity.

The species Tulavirus was first described by Plyusnin 
et al. (1) in voles (Microtus arvalis and M. levis) caught in 
Tula, Russia, in 1987. The presence of TULV was also docu-
mented in other vole species in several European countries 
including Germany, Switzerland, Slovenia, Czech Republic, 
Slovakia, Austria, Poland, and Serbia (2). In Central Europe, 
M. arvalis is the main reservoir of TULV. The TULV anti-
gen was found in 10% of the population of common voles in 
southern Moravia in the Czech Republic (3). The pathogenic 
potential of Tula virus in humans is considered to be low.

The causative agents of hemorrhagic fever with renal 
syndrome in Central Europe are Dobrava-Belgrade virus and 
PUUV (4). These viruses seem to circulate in geographic ar-
eas that overlap with the areas where TULV circulates. De-
spite the massive population of common voles in the Czech 
Republic and a high prevalence of TULV in its rodent reser-
voir, human TULV infection has not been reported.

The Patient
A 14-year-old boy from a rural region in the northeast 

part of the Czech Republic (Opava region) has received 

treatment for acute lymphoblastic leukemia since July 
2011. Because of the biologic properties of the malignity, 
the boy was classified into the high-risk group of the treat-
ment protocol. The intensive part of the treatment was fin-
ished in August 2012, and the patient has continued main-
tenance therapy since then.

During his first week of maintenance therapy, the pa-
tient experienced a respiratory infection with temperatures 
of ≈38°C, mild dyspnea, and a cough. These symptoms 
spontaneously disappeared. One week later, the patient 
had temperatures up to 38.5°C. He reported a headache, 
lack of appetite, and vomiting but no cough or respiratory 
distress. Upon the patient’s admission to the hospital, at 
the end of September 2012, his conditions deteriorated. He 
was febrile at 39.3°C and moderately dehydrated. Dyspnea 
with desaturation developed, so he was transferred to the 
intensive care unit to receive oxygenotherapy. The antileu-
kemic maintenance therapy therefore had to be interrupted. 
The x-ray and high-resolution computed tomographic scan 
revealed severe bilateral bronchopneumonia with a major 
fluidothorax and bilateral dystelectasis. He was then given 
amoxicillin/clavulanate, amikacin, and antimycotic drugs. 
Oliguria also developed, with a minimum of 0.3 mL/kg/h, 
and it was managed by diuretic medication. Hemodialysis 
was not needed. He had transiently increased blood pres-
sure followed by hypotension.

Laboratory results revealed eosinophilia in the pa-
tient’s differential leukocyte count at a maximum of 
59.3% (reference range 0%–5%), anemia with a mini-
mal value of hemoglobin of 60.0 g/L (reference range 
135–175 g/L), thrombocytopenia at 12 × 109/L (reference 
range 150–440 × 109/L), and C-reactive protein 70 mg/L 
(reference range 0–10 mg/L). Elevated values were de-
tected for serum urea measured at 8.40 mmol/L (reference 
range 1.8–6.4 mmol/L), creatinine at 103 µmol/L (refer-
ence range 27–88 µmol/L), and D-dimers at 3.53 µg/mL 
(reference range 0–0.5 µg/mL). Other coagulation pa-
rameters were not affected. Moreover, erythrocyturia and 
hyaline cylinders were observed in urine samples. The 
serum amylase and liver enzyme levels were within refer-
ence ranges. The relapse of acute lymphoblastic leukemia 
was excluded by the bone marrow examination. Because 
of the patient’s severe thrombocytopenia, thrombocon-
centrate was administered.

During the course of the patient’s hospitalization, 
his clinical condition, computed tomographic scan, and 
chest radiographic findings, and laboratory parameters im-
proved. His renal failure gradually subsided with a tran-
sient polyuric phase. After 3 weeks of hospitalization, the 
patient resumed maintenance antileukemic therapy, and he 
was discharged from the hospital in good condition.
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Serum samples taken on days 11, 12, 20, and 39 were 
tested for IgG and IgM antibodies to hantaviruses by us-
ing ELISA (Anti-Hanta Virus Pool 1 “Eurasia”; Euroim-
mun, Lübeck, Germany). The serum sample taken on day 
12 was further tested for IgG and IgM antibodies by using 
Immunoblot (Anti-Hanta Profile 1; Euroimmun). ELISA 
results are considered positive when the index value (opti-
cal density divided by the cutoff value) is >1.1. Serology 
results suggested that the causative agent was a hantavirus 
antigenically closer to PUUV (Table 1).

RNA was extracted from an EDTA plasma sample 
taken on day 11. Hantavirus RNA was detected by nest-
ed reverse transcription PCR performed with pan-hanta-
viral large (L) segment specific primers (5) (Table 2).  
Direct sequencing was performed with each separate nest-
ed primer and BigDye Terminator v1.1 Cycle Sequencing 
Kit (LifeTechnologies, Grand Island, NY, USA) on ABI 
3130 platform.

TULV RNA detection was confirmed by another PCR 
and sequencing experiment with small (S) segment Tula 
virus-specific primers previously published (6,7) for the 
first and second PCR step respectively (Table 2). The se-
quences were aligned to consensus sequence by using Se-
qScape software (Life Technologies) and compared with 
sequences available at BLAST database (http://blast.ncbi.
nlm.nih.gov/Blast.cgi). Phylogenetic trees using neigh-
bor-joining analysis with maximum composite likelihood 
method and bootstrap values were constructed by using 
MEGA 5.2 software (www.megasoftware.net).

The EDTA plasma sample collected during the acute 
phase was positive for hantavirus RNA. Sequencing analy-
sis of both L- and S-segments confirmed that the causative 

agent was TULV. The phylogenetic trees for partial L- and 
S-segments (Figures 1 and 2, respectively) indicated that 
the identified Tula virus strain belongs to the lineage repre-
senting strains from middle Europe (Czech Republic, west 
Slovakia, Austria, and Slovenia). Partial L- and S-segment 
sequences of the TULV isolated RNA have been depos-
ited in GenBank under accession numbers KC522413 and 
KC494908, respectively.

Conclusions
Although the presence of TULV in the common vole 

population in the Czech Republic has been documented, no 
evidence of its pathogenicity in humans has been shown. 
Specific antibodies against TULV have been identified in a 
healthy blood donor in the Czech Republic (8) and in Ger-
man forestry workers (9), suggesting that TULV can be 
transmitted to humans. A case of a serologically detected 
symptomatic TULV infection that followed a rodent bite 
has been reported in Switzerland (10). However, because 
of the late occurrence of specific antibodies and because 
the symptoms were atypical for hantavirus infection, the 
evidence for the Tula virus as an etiologic agent in this case 
is questionable (11). Renal and pulmonary syndrome with 
biphasic course associated with TULV was documented in 
northern Germany. The diagnosis was made on the basis of 
the highest neutralizing titer against TULV and detection 
of TULV RNA in common voles in the region where the 
patient lived (12).

We provide the molecular evidence of human symp-
tomatic TULV infection. The clinical symptoms included 
both renal and pulmonary involvement with dominat-
ing respiratory failure corresponding to the hantavirus  
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Table	1.	Results	of	hantavirus	serologic	testing,	Ostrava,	Czech	Republic,	October	2012 * 

Virus 
Serum samples obtained on day Positivity	range	

(IP)† 11 12 20 39 
Hantavirus	IgG	ELISA 0.26 0.38 2.69 2.60 >1.1 
Hantavirus	IgM	ELISA 1.17 3.12 4.07 2.78 >1.1 
Puumala	virus	IgG	Immunoblot ND Negative ND ND ND 
Puumala	virus	IgM	Immunoblot ND Positive ND ND ND 
Dobrava	virus	IgG	Immunoblot ND Negative ND ND ND 
Dobrava virus IgM Immunoblot ND Negative ND ND ND 
Hantaan	virus	IgG	Immunoblot ND Negative ND ND ND 
Hantaan	virus	IgM	Immunoblot ND Negative ND ND ND 
*Bold font	indicates	positive	results.	IP,	positivity	index;	ND,	not	done. 
†ELISA serology is considered positive when the index value (optical density divided	by	the	cutoff	value)	is	>1.1. 

 

 
Table	2.	Primers	used	in	the	study,	Ostrava,	Czech	Republic,	October	2012 
Primer Step Target segment Sequence	(5′ 3′) Reference 
HAN-L-F1 1st	PCR Large ATGTAYGTBAGTGCWGATGC (5) 
HAN-L-R1 1st	PCR Large AACCADTCWGTYCCRTCATC (5) 
HAN-L-F2 2nd	PCR,	sequencing Large TGCWGATGCHACIAARTGGTC (5) 
HAN-L-R2 2nd	PCR,	sequencing Large GCRTCRTCWGARTGRTGDGCAA (5) 
S1 1st	PCR Small GGMCAGACAGCAGAYTGG (6) 
S2 1st	PCR Small AGCTCAGGATCCATRTCATC (6) 
MaS4F 2nd	PCR,	sequencing Small CATCACAGGSYTTGCACTTGCAAT (7) 
MaS5C 2nd	PCR,	sequencing Small TCCTGAGGCTGCAAGGTCAA (7) 
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pulmonary syndrome. The course of the disease was se-
vere, and the delayed occurrence of TULV IgG was most 
likely caused by the patient’s immunodeficiency. The 
laboratory findings were typical for hantavirus infection, 
with strongly decreased platelet count but only moderate-
ly elevated serum creatinine and urea.

Furthermore, during the acute stage, viral RNA was 
detected in the patient’s serum, which strongly suggests 
that TULV is a causative agent of the critical stage. This 
case illustrates that TULV can cause life-threatening dis-
ease in an immunocompromised patient, although under 
normal circumstances it is a nonpathogenic virus (8).
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Human Bocavirus 
in Children  
with Acute  

Gastroenteritis, 
Chile, 1985–2010

Jorge Levican, Esteban Navas, Joaquín Orizola, 
Luis Fidel Avendaño, and Aldo Gaggero

We detected human bocavirus in 89 (19.3%) of 462 fe-
cal samples collected during 3 periods from 1985 through 
2010 from children <5 years of age in Chile who were hos-
pitalized with acute gastroenteritis. Our findings confirm the 
long-term circulation of human bocavirus in Chile.

Human bocavirus (HBoV) was discovered in 2005 on 
the basis of large-scale molecular virus screening of 

respiratory samples (1). More recently, HBoV was detected 
in fecal samples of children who had gastroenteritis with or 
without symptoms of respiratory infection and in samples 
from healthy controls (2–4). Although HBoV is assumed to 
have coexisted with humans for a long time, there is little 
evidence to confirm long-term circulation.

The Study
We analyzed 462 fecal specimens from hospitalized 

children 0–60 months of age (median 13.8 months) with 
acute gastroenteritis in Chile. The samples belonged to a 
collection obtained from 1985 through 2010. Three periods 
were analyzed: 1985–1986 (period A, 86 samples), 1997–
2004 (period B, 261 samples), and 2009–2010 (period C, 
115 samples) (Table). The patients did not show respiratory 
symptoms during their clinical evaluation. Analysis for ro-
tavirus, calicivirus, enteric adenovirus, and astrovirus was 
conducted (data not shown), and only samples negative for 
these viruses were selected. The samples were maintained 
at −80°C until analysis.

DNA from fecal samples was extracted by using a High 
Pure Nucleic Acid Viral Kit (Roche Diagnostics, Indianapo-
lis, IN, USA) following the manufacturer’s instructions. Us-
ing PCR with specific primers as described, we performed 
the HBoV detection (3–5). Positive and negative controls 
were included in each amplification round. PCR products 
were purified, and nucleotide sequences were determined by 
Macrogen Inc. (Seoul, South Korea) and submitted to Gen-
Bank (accession nos. KC757418–KC757460). 

Phylogenetic relationships between isolates from 
Chile and GenBank reference strains were studied by using 
MEGA5 software (6). We inferred the evolutionary history 
using the neighbor-joining method. Bootstrap (1,000 rep-
lications) was used to assess the reliability of individual 
nodes in each phylogenetic tree. Evolutionary distances 
were computed by using the Kimura 2-parameter method 
(6). Variance analysis of the bocavirus detection frequency 
was conducted by using the Kruskal-Wallis test (α = 0.05) 
using Statdisk 12.0.1 software (Marc Triola and Pearson 
Education, Inc., New York, NY, USA). The Ethics Com-
mittee of the Faculty of Medicine, University of Chile ap-
proved the study.

The 89 (19.3%) samples positive for HBoV were 
distributed throughout the study period; 22.1%, 21.1%, 
and 13.0% for periods A, B, and C, respectively (Table). 
HBoV1 was the most frequently detected species, with 65 
(14.1%) cases, followed by HBoV2 and HBoV3, with 18 
(3.9%) and 6 (1.3%), cases, respectively (Table). HBoV4 
was not detected.

Twenty-two (of 65 HBoV1) nonstructural (NS) 1 
partial coding sequences were obtained, and consistent 
with previous reports, phylogenetic analysis showed that 
HBoV1 constitutes a genetically homogeneous entity 
(4,7). The nucleotide divergence average for the HBoV1 
Chile isolates was 0.7% (range 0%–1.7%). In the phy-
logenetic tree analysis, 15 of 22 isolates clustered with 
prototype strain st1 (GenBank accession no. DQ000495), 
and the remaining 5 clustered with prototype strain st2 
(GenBank accession no. DQ000496) (Figure, panel A). 
There was no temporal clustering of the HBoV1 isolates. 
Similarly, the phylogenetic analysis of 391 nt from the 
nucleocapsid 1 region of 5 HBoV3 isolates from Chile re-
vealed an average divergence of 1.2% (range 0%–1.6%), 
and the phylogenetic tree analysis showed that the isolates 
grouped into 2 clusters with no evident temporal cluster-
ing (Figure, panel B).

In contrast, HBoV2 was a genetically heterogeneous 
group. Analysis of the nucleotide sequence of the NS1 
partial region of 16 of 18 isolates yielded an average of 
3.0% nt divergence (range 0%–6.0%). CH23–85, the most 
divergent isolate, showed 5.0%−6.0% nt divergence with 
other HBoV2 isolates from Chile. Phylogenetic tree analy-
sis demonstrated that this isolate was closely related to the 
Pakistan strain PK5510, with which it formed a separate 
cluster (98% nt identity). This same analysis demonstrated 
2 additional clusters among HBoV2 isolates from Chile 
whose intragroup average nucleotide identity reached 
99.6% and 99.5%, respectively.

Kapoor et al. reported a similar clustering pattern 
by phylogenetic analysis of NS1 and nucleocapsid 1 
of HBoV2. They recognized 3 clusters, which enabled 
them to categorize HBoV2 into 3 genotypes: genotype 1,  
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represented by prototype strain PK5510 (GenBank ac-
cession no. FJ170278); genotype 2, with prototype strain 
PK2255 (GenBank accession no. FJ170279); and geno-
type 3, with prototype strain UK648 (GenBank accession 
no. FJ170280) (4).

Following this scheme, we determined that 1 of 13 
isolates belongs to genotype 1 (CH23–85), 6 to genotype 
2 (CH27–99, CH28–01, CH30–02, CH31–04, CH32–04, 
CH34-10), and 9 to genotype 3 (CH24–85, CH25–97, 
CH26–98, CH29–02, CH33–09, CH35–10, CH41–
04, CH42–09, CH43–09) (Figure, panel C). Unlike  
HBoV1, which was present in all periods analyzed 
showing a downward trend in the last period, the differ-
ent genotypes HBoV2 show a marked dynamism. Thus, 
period A (1985–1986) revealed only 2 isolates (geno-
types 1 and 3).

We found no other isolates of genotype 1 during the re-
maining study time (Figure, panel C). Genotype 3 became 
the only genotype prevalent during 1997 and 1998 and 
remained in the other years studied. Genotype 2 appeared 
in 1999 and persisted until the last year analyzed; it prob-
ably led to increased HBoV2 detection in 2009–10 (Figure, 
panel C, Table). This prompted speculation that HBoV2 
infection is a dynamic phenomenon that can manifest with 
the emergence of different variants of the agent at different 
times. This possibility also is rooted in the observation that 
HBoV2 is highly prone to recombination, and as a conse-
quence presents a high degree of diversity. This diversity 
is proposed to have given rise to HBoV1, a species with 
completely different biologic characteristics (7). However, 
because of the lack of continuous chronologic follow-up of 
the phenomena found in this study, we cannot ensure such 
assumptions, and a larger longitudinal study is required to 
confirm this hypothesis.

Conclusions
Although HBoV1 was originally detected in respirato-

ry secretions of patients with respiratory infection, numer-
ous studies have demonstrated its presence in 1.5%–19% 
of fecal samples (1–3,5,8,9). However, after primary respi-
ratory infection this agent can persist with asymptomatic 
shedding for several months (10,11). Thus, HBoV1 in fecal 
samples could be due mainly to passive transfer from the 
respiratory tract (8,12).

Unlike HBoV1, HBoV2–4 have enteric tropism, and 
their role in gastroenteritis remains unclear (9). HBoV2 
has been detected in feces from children with gastroen-
teritis in a broad range of percentages (1%–21%) alone 
or in co-infection with other enteropathogens. In contrast 
to our study, it has been frequently reported as the main 
HBoV species detected in feces (4,5,9,13). Moreover, in 
accordance with previous reports that found HBoV3 in low 
percentages (0%–2%), we detected HBoV3 only in periods 
A and B (2.3% and 1.5%, respectively) (Table) and did not 
detect HBoV4 (5,7,9,14). Although samples were main-
tained at −80°C until tested, we cannot exclude the pos-
sibility that molecular detection of HBoV may be reduced 
by long-term storage. This fact, along with the co-infection 
exclusion, may explain the low detection rates of the strains 
with enteric tropism.

Although the frequency of detection of HBoV species 
varied among the periods studied, variance analysis indi-
cated no significant differences (p = 0.099) (Table). We 
cannot confirm circulation or variation in detection in peri-
ods during which surveillance was not conducted.

This study confirms long-term circulation of HBoV in 
Chile and demonstrates the heterogeneity of HBoV2. These 
findings justify prospective studies to better understand the 
role of these viruses in childhood gastroenteritis.

DISPATCHES

1878	 Emerging Infectious Diseases • www.cdc.gov/eid • Vol. 19, No. 11, November 2013

 
Table.	HBoV	in	fecal	samples	from	children	with	acute	gastroenteritis,	Chile,	1985–2010* 

Period,	year Total	samples	analyzed 
Samples,	no.	(%) 

HBoV1 HBoV2 HBoV3 Total positive 
A      
 1985 69 12	(17.4) 2	(2.9) 2	(2.9) 16	(23.2) 
 1986 17 3	(17.7) 0 0 3	(17.7) 
 Total 86 15	(17.4) 2	(2.3) 2	(2.3) 19	(22.1) 
B      
 1997 25 2	(8.0) 1	(4.0) 0 3	(12) 
 1998 45 6	(13.3) 1	(2.2) 0 7	(15.6) 
 1999 35 7	(20.0) 1	(2.9) 0 8	(22.9) 
 2000 31 4	(12.9) 0 1	(3.2) 5	(16.1) 
 2001 31 7	(22.6) 1	(3.2) 1	(3.2) 9	(29) 
 2002 31 3	(9.7) 2	(6.5) 1	(3.2) 6	(19.4) 
 2003 32 6	(18.8) 0 0 6	(18.8) 
 2004 31 7	(22.6) 3	(9.7) 1	(3.2) 11	(35.5) 
 Total  261 42	(16.1) 9	(3.5) 4	(1.5) 55	(21.1) 
C      
 2009 52 4	(7,7) 4	(7,7) 0 8	(15,4) 
 2010 63 4	(6,4) 3	(4,8) 0 7	(11,1) 
 Total 115 8	(7) 7	(6,1) 0 15	(13,0) 
Total 462 65	(14,1) 18	(3,9) 6	(1,3) 89	(19,3) 
*HBoV,	human	bocavirus. 
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Full Genome of  
Influenza A (H7N9) 

Virus Derived by 
Direct Sequencing 

without Culture
Xianwen Ren,1 Fan Yang,1 Yongfeng Hu,1  

Ting Zhang,1 Liguo Liu,1 Jie Dong, Lilian Sun, 
Yafang Zhu, Yan Xiao, Li Li, Jian Yang,  

Jianwei Wang, and Qi Jin

An epidemic caused by influenza A (H7N9) virus was 
recently reported in China. Deep sequencing revealed the 
full genome of the virus obtained directly from a patient’s 
sputum without virus culture. The full genome showed sub-
stantial sequence heterogeneity and large differences com-
pared with that from embryonated chicken eggs.

Recently, a novel influenza A (H7N9) virus infected hu-
mans in China (1,2),  leading to great concerns about 

its threat to public health (3). However, almost all the cur-
rent genomes of the novel subtype H7N9 virus have been 
sequenced after culture in embryonated chicken eggs or 
mammalian cells. Switching the evolutionary selection 
pressure from in vivo human respiratory tract to embryo-
nated chicken eggs might introduce mutations into the final 
genome sequences during culture (4). We report determi-
nation of the full genome of the influenza A (H7N9) virus 
derived directly by deep sequencing, without virus culture, 
from a sputum specimen of an infected human. Deep se-
quencing provides a direct way to evaluate the genome 
characteristics and potential virulence and transmissibility 
of the novel influenza A (H7N9) virus.

The Study
We collected a sputum specimen from a 54-year-

old woman with fever, cough, sputum production, and 
pneumonia. Influenza A (H7N9) virus was detected in 
the specimen by specific real-time reverse transcrip-
tion PCR (RT-PCR). The specimen was then processed 
with a viral particle–protected nucleic acid purification 
method (5). Total RNA was extracted and amplified 
by sequence-independent PCR (5) and then sequenced 
with an Illumina/Solexa GAII sequencer (Illumina, San  

Diego, CA, USA). Reads generated by the Illumina/So-
lexa GAII with lengths of 80 bases were directly aligned 
to those nucleotide sequences of influenza A viruses in 
the National Center for Biotechnology Information nonre-
dundant nucleotide database by the blastn program in the 
BLAST (6) software package, version 2.2.22 (www.ncbi.
nlm.nih.gov/blast) with parameters −e 1e-5 -F T (−e 1e-5 
for selection of highly similar reads and -F T for mask-
ing the low-complexity reads) after filtering of the se-
quence adapters and RT-PCR primers. No assembly was 
performed before alignment. We obtained 19,177 reads 
aligned to influenza A viruses.

We then conducted a reference-guided assembly based 
on the 19,177 reads by the Seqman program in the DNA-
Star software package version 7.1 (www.dnastar.com). 
The novel influenza A (H7N9) virus A/Anhui/1/2013was 
selected as the reference. With 80% minimum sequence 
similarity tolerance and 12 bp minimum match size, those 
19,177 reads were assembled into 439 contigs. The top 
8 contigs covered by the most reads corresponded to the 
8 genome segments of the novel influenza A (H7N9) vi-
rus. The other contigs did not align to the reference virus, 
which might have resulted from sequencing or assembling 
errors. Calculating the consensus sequence, we obtained 
the genome of the influenza A (H7N9) virus directly from 
the sputum specimen of this patient. Further RT-PCR and 
Sanger sequencing confirmed the quality of the assembled 
subtype H7N9virus genome. Sequences were deposited in 
GenBank under accession nos. KF226105–KF226120 and 
KF278742–KF278749.

The influenza A (H7N9) genome that we report var-
ies from that obtained by Sanger sequencing after passage 
in the allantoic sac and amniotic cavity of 9–11-day-old 
specific pathogen–free embryonated chicken eggs for 
48–72 hours at 35°C (Table 1). In the nucleocapsid pro-
tein (NP) segment, 15 point mutations were found; 13 were 
synonymous and 2 induced amino acid changes S321N 
and M371I. In the nonstructural (NS) protein segment, 5 
point mutations were found; all caused amino acid changes 
R59H, P107L, and V111Q. In the polymerase acidic (PA) 
protein segment, 3 point mutations were found, 1 of which 
caused amino acid change V707F. In the polymerase basic 
1 (PB1) protein segment, 2 point mutations were found, 
both of which were synonymous. In the PB2 segment, 2 
point mutations were found, 1 of which caused amino acid 
change S534F.

The influenza A (H7N9) genome also demonstrates 
significant intraspecimen heterogeneity. Deep sequenc-
ing revealed that the average coverage (ratio of the total 
number of nucleotides of all reads to the length of the 
reference gene) of the 8 genes was quite inhomogeneous. 
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Average coverage (± SD) was highest for neuraminidase 
(NA) (131.94 ± 30.25) and second highest for NP (130.41± 
27.01). The average coverages of PB2, PB1, PA, matrix 
protein, and hemagglutinin were 99.89 (± 22.49), 95.35 
(± 21.34), 43.35 (± 14.13), 53.73 (± 17.67), and 69.82 (± 
19.02), respectively. Average coverage was lowest for NS 
(27.73± 11.31). 

Besides the gene abundance, the genome sequence of 
influenza A (H7N9) virus also demonstrated heterogene-
ity (the heterozygous peak threshold 80%). In total, 22 
positions were confirmed by PCR and Sanger sequenc-
ing to be heterogeneous (Table 2). In the NP segment, 
4 positions demonstrated heterogeneity; 3 were synony-
mous and 1 induced amino acid change E421K. In the NS 
segment, 3 positions demonstrated heterogeneity; 2 were 
synonymous and 1 induced amino acid change R140W. 
In the hemagglutinin segment, 7 positions demonstrated 
heterogeneity; 6 were synonymous and 1 induced amino 
acid change H242Y. In NA, 3 positions demonstrated 
heterogeneity; 2 induced amino acid changes (S92L and  
S108L) and 1 was synonymous. In the PA segment, 2 
positions demonstrated heterogeneity; both were syn-
onymous. In the PB2 segment, 3 positions demonstrated 
heterogeneity; all were nonsynonymous (S532L, S533L, 
and S534F). All these heterogeneous sites were confirmed 
by PCR and Sanger sequencing; only 1 site overlapped 
with the mutation sites after passage in embryonated  
chicken eggs.

Compared with the reference influenza A (H7N9) vi-
rus strain A/Anhui/1/2013, the influenza A (H7N9) virus 
demonstrated prominent sequence differences (Table 2). In 
particular, the amino acid at the 627 position of PB2 of A/
Anhui/1/2013 is K, whereas the corresponding amino acid 
in the subtype H7N9 genome is E. The amino acid at the 
368 position of PB1 of A/Anhui/1/2013 is V, whereas the 
corresponding amino acid in the subtype H7N9 genome is 
I. The E627K mutation in PB2 and the I368V mutation in 
PB1 are closely associated with the virulence and transmis-
sibility of avian influenza A virus in mammals (1). E627K 
in PB2 was observed in A/Shanghai/1/2013, A/Shang-
hai/2/2013, and A/Anhui/1/2013 viruses (1). A/Zhejiang/
DTID-ZJU01/2013 virus does not have this mutation but 
has a complementary mutation D701N in PB2 (2). I368V 
in PB1 was observed in A/Shanghai/2/2013 and A/An-
hui/1/2013 viruses, but A/Shanghai/1/2013 virus does not 
have this mutation (1).

MEGA5.0 (www.megasoftware.net) was used to 
construct the phylogenetic trees on the basis of the nu-
cleotide sequences of all influenza A (H7N9) viruses in 
the Global Initiative on Sharing All Influenza Data (GI-
SAID) database (7). We conducted 2 rounds of phylo-
genetic analysis. First, to examine whether this subtype 
H7N9 virus is clustered with the available subtype H7N9 
strains, we included all influenza A (H7N9) viruses in 
the GISAID database. To construct the multiple sequence 
alignment, we used the MUSCLE package with default 
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Table	1.	Mutations		of		directly	sequenced	influenza	A	(H7N9)	virus	and	that	obtained	from	chicken	egg	culture* 
Gene Position Direct sequencing Chicken	egg	culture Amino acid change 
PB2 18 A G Synonymous 
PB2 1601 C T S534F 
PB1 303 G A Synonymous 
PB1 825 G A Synonymous 
PB1 2274 A G Synonymous 
PA 2115 G T Synonymous 
PA 2119 G T V707F 
PA 2127 A C Synonymous 
NS 176 G A R59H	in	NS1 
NS 792 C T P107L	in	NS2 
NS 803 G C Synonymous 
NS 804 T A Synonymous 
NS 805 C A V111Q	in	NS2 
NP 387 A T Synonymous 
NP 438 T C Synonymous 
NP 480 T C Synonymous 
NP 648 A G Synonymous 
NP 657 T C Synonymous 
NP 663 A G Synonymous 
NP 892 T C Synonymous 
NP 962 G A S321N 
NP 982 C T Synonymous 
NP 1086 G A Synonymous 
NP 1113 G A M371I 
NP 1200 G A Synonymous 
NP 1251 C T Synonymous 
NP 1257 T C Synonymous 
NP 1440 T C Synonymous 
*PB,	polymerase	basic;	PA,	polymerase	acidic;	NS,	nonstructural;	NP,	nucleocapsid	protein. 
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parameters (www.megasoftware.net/); then, to construct 
the phylogenetic trees with 1,000 bootstrap replicates, we 
used the minimum-evolution method. Results suggested 
that all 8 genome segments are closely related to the 
available influenza A (H7N9) virus strains. 

We next included all influenza A (H7N9) viruses 
isolated in China in 2013 to closely investigate the rela-
tionships between this virus and available subtype H7N9 
genomes isolated during epidemics. However, the phylo-
genetic topologies based on different gene segments were 
not consistent (Figures 1, 2; online Technical Appendix 

Figures 1–6, wwwnc.cdc.gov/EID/article/19/11/13-0664-
Techapp1.pdf), suggesting that the influenza A (H7N9) vi-
rus may have persistently evolved for a while (8).

Conclusion
Using deep sequencing technologies, we derived the full-

length genome of the novel influenza A (H7N9) virus direct-
ly from the sputum specimen of a patient, without conducting 
virus culture. The full genome revealed substantial sequence 
heterogeneity within the specimen, obvious sequence varia-
tions from that obtained from embryonated chicken eggs, and 
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Table	2.	Heterogeneous	genomic	positions	of	directly	sequenced	influenza	A	(H7N9)	virus	and	its	protein	differences	from	other 
viruses* 

Protein 

Heterogeneity,	nucleotide	
position	in	gene	sequence:	

nucleotides† 
Amino acid position in 

protein sequence‡  Direct sequencing§ Culture§¶ A/Anhui/1/2013§  

Consensus	of	
isolate from 
humans§# 

HA 330:	C>T 110 F F F F 
HA 360:	C>T 120 L L L L 
HA 696:	T>A 232 V V V V 
HA 724:	C>T 242 H242Y H H H 
HA 762:	C>T 254 F F F F 
HA 780:	C>T 260 F F F F 
HA 1441:	C>T 481 H H H H 
HA  65 M M R R 
M2  10 L L P P 
M2  24 D D E E 
NA 275:	C>T 92 S92L S S S 
NA 323:	C>T 108 S108L S S S 
NA 408:	C>T 136 I I I I 
NA  40 S S G G 
NA  300 V V I I 
NA  340 I I N N 
NP  321 S N N N 
NP 858:	C>T 286 A A A A 
NP 583:	G>A 195 R R R R 
NP 1261:	G = A 421 E421K E E E 
NP 1260:	C = T 420 F F F F 
NP  371 M I M M 
NS2 546:	C>>T 55 L L L L 
NS2 543:	C>>T 54 D D D D 
NS1 418:	C>>T 140 R140W R R R 
NS1  59 R H R R 
NS2  107 P L L L 
NS2  111 V Q Q Q 
PA 174:	C>A 58 G G G G 
PA 1305:C>T 435 I I I I 
PA  618 K K T T 
PA  707 V F F F 
PB1  200 I I V V 
PB1  368 I I V V 
PB1  454 L L P P 
PB1  637 V V I I 
PB1-F2  42 C C Y Y 
PB1-F2  51 T T M M 
PB1-F2  70 G E G G 
PB1-F2  77 L L S S 
PB2  534 S F S S 
PB2  591 K K Q Q 
PB2  627 E E K K 
*HA,	hemagglutinin;	M,	matrix;	NA,	neuraminidase;	NP,	nucleocapsid	protein;	NS,	nonstructural;	PA,	polymerase	acidic;	PB, polymerase basic. 
†Position of first nucleotide = 1. 
‡Position of first amino acid = 1. 
§Types of amino acids. 
¶Virus cultured in chicken eggs. 
#Thirteen influenza	A	(H7N9)	viruses	isolated	from	humans;	data	from	Global	Initiative	on	Sharing	All	Influenza	Data. 
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Figure 1. Phylogenetic tree of the influenza A (H7N9) viruses 
isolated in China in 2013, based on the hemagglutinin gene 
segment. Scale bar indicates nucleotide differences per unit length.

Figure 2. Phylogenetic tree of the influenza A (H7N9) viruses 
isolated in China in 2013, based on the neuraminidase gene 
segment. Scale bar indicates nucleotide differences per unit length.

prominent differences from the available influenza A (H7N9) 
strains, most of which were sequenced after culture.
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Mild Illness in 
Avian Influenza 
A(H7N9) Virus–

Infected Poultry 
Worker, Huzhou, 

China, April 2013
Huakun Lv,1 Jiankang Han,1 Peng Zhang,  
Ye Lu, Dong Wen, Jian Cai, Shelan Liu,  

Jimin Sun, Zhao Yu, Heng Zhang, Zhenyu Gong, 
Enfu Chen, and Zhiping Chen

During April 2013 in China, mild respiratory symp-
toms developed in 1/61 workers who had culled influenza 
A(H7N9) virus–infected poultry. Laboratory testing con-
firmed A(H7N9) infection in the worker and showed that 
the virus persisted longer in sputum than pharyngeal swab 
samples. Pharyngeal swab samples from the other workers 
were negative for A(H7N9) virus.

During March–May 2013, a respiratory disease caused 
by avian influenza A(H7N9) virus was identified 

among humans in China (1–6). Most infected persons were 
>60 years of age, and most cases were severe and involved 
serious complications, including death (1). Few children 
and adults have been reported with mild illness caused by 
influenza A(H7N9) virus infection (7,8). After an epidemi-
ologic link was reported between exposure to poultry and 
confirmed influenza A(H7N9) cases (9–11), local govern-
ments closed contaminated wholesale wet markets (large 
markets where live chickens were sold to vendors) and as-
signed government office workers to assist in a temporary 
poultry culling campaign.

The largest number of confirmed cases was reported 
in Zhejiang Province, where 46 cases and 11 deaths oc-
curred (data from the Chinese Disease Surveillance In-
formation Report and Management System; as of July 20, 
2013). Of the 46 cases, 12 were reported from Huzhou 
city, where the environment of a wholesale wet mar-
ket was contaminated by influenza A(H7N9) virus (9).  

Approximately 25,000 live chickens were processed daily 
at this market, and on April 8, 2013, the Huzhou city gov-
ernment launched their campaign to close the market and 
slaughter the remaining poultry.

Sixty-one government workers participated for 3 hours 
in the culling campaign. The workers wore individual per-
sonal protective equipment, including protective cloth-
ing, ordinary disposable masks, and latex gloves; neither 
goggles nor face shields were worn (Figure 1). During the 
culling process, workers disarticulated chickens’ necks and 
placed the dead birds in individual sacks.

Avian influenza A(H7N9) infection was subsequently 
confirmed in 1 of the 61 workers. We conducted an epide-
miologic investigation and clinical review of the confirmed 
case. In addition, we administered questionnaires to the 60 
co-workers and obtained pharyngeal swab samples from 
them to test for influenza A(H7N9) virus.

Case Report
The male patient was a 41-year-old administrative 

manager in a sub-district government office in Huzhou city. 
The patient had been a chronic smoker, but discontinued 
smoking 4 years earlier because of chronic pharyngolaryn-
gitis. He did not report any other underlying medical condi-
tions, including hypertension and diabetes.

The patient’s only contact with poultry during the 10 
days before symptom onset occurred on April 8, when he 
participated in the campaign to cull poultry. Five days later, 
on April 13, the patient’s eyes were swollen, but there was 
no tearing or discharge. Midday on April 14, the patient 
experienced low-grade fever (self-reported axillary tem-
perature 37.8°C), dry throat, cough with a small amount 
of white sputum, weakness, and muscle soreness. Later 
that afternoon, he visited the outpatient clinic of Huzhou 
First People’s Hospital. Clinical records were not available, 
however, at that visit, the patient was told his temperature 
was normal and that he probably had a cold, and he was 
sent home without medications.

The next morning, April 15, the patient returned to the 
clinic for medical evaluation and was found to have an oral 
temperature of 37.5°C, normal auscultation of the heart 
and lungs, leukocyte count of 5.3 × 109 cells/L (reference 
range 4.0–10.0 × 109 cells/L), neutrophil count of 3.25 × 
109 cells/L (reference range 2.0–7.0 × 109 cells/L), and C-
reactive protein level of 2.29 mg/L (reference range 0–4.0 
mg/L). The patient was sent home without treatment, but 
later that afternoon, he returned to the clinic. At that third 
visit, a pharyngeal swab sample was collected and submit-
ted to the Huzhou Municipal Center for Disease Prevention 
and Control for testing by real-time reverse transcription 
PCR (rRT-PCR) (12); the sample was found to be positive 
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for influenza A(H7N9) virus. That same evening, leftover 
sample was confirmed positive for influenza A(H7N9) vi-
rus by a provincial reference laboratory.

During the early morning hours of April 16, immedi-
ately after laboratory confirmation of influenza A(H7N9) 
infection, the patient was transferred to a hospital designated 
for the care of persons infected with the virus. The patient’s 
oral temperature was recorded twice a day: his tempera-
ture was 37.6°C on the first morning of hospitalization and 
<37.5°C thereafter. Routine blood tests showed that the pa-
tient’s maximum C-reactive protein level (4.19 mg/L on day 
4 of hospitalization) was slightly elevated, his leukocyte and 
lymphocyte counts were normal, his lactate dehydrogenase 
level was normal, and his neutrophil count ranged from nor-
mal to slightly below normal (Table 1). A cardiac ultrasound 
examination revealed no abnormalities in the heart, and re-
sults of an abdominal ultrasound of the liver, kidneys, and 
spleen was also unremarkable. Computer tomographic scans 
of the chests on April 16 and 18, showed an old lesion in the 
lung that seemed unrelated to the acute infection.

The patient was administered oseltamivir (75 mg  
2×/day) on hospitalization days 1–6; noninvasive ventila-
tion and symptomatic and supportive treatment were also 
administered daily. Each day while the patient was hospi-
talized, pharyngeal swab samples and sputum samples were 
collected and tested for the presence of influenza A(H7N9) 
virus by rRT-PCR. All pharyngeal swab samples, except 

the 1 obtained the day before hospitalization, were nega-
tive for the virus. Sputum samples were influenza A(H7N9) 
virus–positive on hospitalization days 1–3 and converted to 
virus-negative on hospitalization day 4.

As of April 22, 2013, the patient had made a good 
recovery and was discharged from the hospital. Figure 2 
shows the timeline of events, from exposure to hospital dis-
charge, for the patient.

On April 16, 2013, we administered a questionnaire 
to, recorded oral temperatures for, and obtained pharyngeal 
swab samples from the patient’s 60 co-workers (Table 2). 
None of the workers had fever or other signs or symptoms 
of infection at the time of screening, but 13 of the 60 re-
ported transient symptoms during April 9–16. All pharyn-
geal swab samples from these workers were negative for 
influenza A(H7N9) virus by rRT-PCR.

Conclusions
Our epidemiologic investigation and clinical review 

showed that mild upper respiratory symptoms devel-
oped in a man 6 days after he had contact with influenza 
A(H7N9) virus–infected poultry. We found that sputum 
samples from this patient remained positive for A(H7N9) 
virus longer than pharyngeal swab samples. This finding 
is in agreement with those of Chen et al. (10) and Lo et al. 
(13). Thus, it is a limitation of our screening of the patient’s 
60 coworkers that we did not collect sputum specimens.  
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Table	1.	Blood	test	results	on	hospitalization	days	1–4	for	a	man	infected	with	avian	influenza	A(H7N9)	virus,	Huzhou	city,	Zhejiang	
Province,	China,	2013* 

Index 
April	16  April	17  April	18  April	19 Reference	

range Morning Afternoon Morning Morning Afternoon Morning 
Leukocyte	count	(109 cells/L) 7.0 5.9  4.9  4.4 4.3  4.0 4–10 
Neutrophil	count	(109 cells/L) 5.6 3.9  3.0  1.8 2.4  1.8 2–7 
Lymphocyte	count	(109 cells/L) 0.6 1.5  1.6  2.2 1.5  1.9 0.8–4.0 
C-reactive	protein	(mg/L) ND ND  ND  3.4 2.9  4.19 0–4.0 
Lactate	dehydrogenase	(IU/L) 183.0 ND  156.0  161.0 ND  142.0 106–211 
*ND,	not	determined. 

 

Figure 1. Personal protective 
equipment worn by government 
workers assigned to cull poultry 
at a wet market in Huzhou city, 
Zhejiang Province, China, April 
8, 2013. The protective clothing 
included ordinary disposable 
masks and latex gloves but not 
goggles or face shields.
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Because of this, we may have missed identifying other mild 
infections among the workers who culled poultry.

The patient in this report is 1 of only a few adults with 
mild respiratory symptoms who have been confirmed to be 
infected with avian influenza A(H7N9) virus (8). Our in-
vestigation strongly suggests that he became infected with 
the virus after working for 3 hours as poultry culler in a 
contaminated wet market. Future investigations of persons 
exposed to influenza A(H7N9)–infected poultry may con-
sider testing for the virus in sputum samples rather than 
throat swab samples.

This work was supported by a grant from Zhejiang Provincial 
Public Technology Applied Research Projects (No. 2012C33063).

Mr. Lv is a chief physician at the Zhejiang Provincial Center 
for Disease Prevention and Control, Hangzhou, China. His re-
search interests focus on epidemiology and acute communicable 
disease prevention and control.
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Figure 2. Timeline from 
exposure to avian influenza 
A(H7N9) virus to symptom 
onset, medical examination, 
hospitalization, laboratory 
confirmation of infection, and 
hospital discharge for a patient 
whose only contact with poultry 
occurred when he helped 
cull poultry at a wet market in 
Huzhou city, Zhejiang Province, 
China, April 2013.

 
Table	2.	Demographic	and	screening	information	for	workers	who	
culled	avian	influenza	A(H7N9)–infected chickens at a live 
market,	Huzhou	city,	Zhejiang	Province,	China,	April	16,	2013* 

Variable 
No.	workers, 

N	=	60 
Age,	median	y	(range) 36	(22–57) 
Male sex 60 
Occupation  
 Government	worker 10 
 Police	officer 21 
 Code	enforcement	officer 29 
Transient	symptoms,	April	8–16  
 Mild cough 6 
 Mild cold 1 
 Upper respiratory infection† 1 
 Itchy throat 2 
 Dizziness	(feeble) 2 
 Muscular	soreness,	diarrhea 1 
Oral	temperature	<37.5°C 60 
Pharyngeal	swab	sample	negative	for	A(H7N9)	
virus 

60 

*A	co-worker	not	listed	here	became	ill	6	days	after	culling,	and	on	April	
16,	the	day	of	this	survey,	he	was	confirmed	to	be	infected	with	influenza	
A(H7N9)	virus. 
†This worker’s illness was diagnosed by a clinician on April 10, 2013. 
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Pulmonary  
Nontuberculous 

Mycobacterial  
Disease, Ontario, 

Canada, 1998–2010
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and Frances B. Jamieson

We measured the prevalence and temporal trends of 
pulmonary nontuberculous mycobacterial disease among 
residents of Ontario, Canada, during 1998–2010. Five-year 
prevalence increased from 29.3 cases/100,000 persons in 
1998–2002 to 41.3/100,000 in 2006–2010 (p<0.0001). Im-
proved laboratory methods did not explain this increase, 
suggesting a surge in disease prevalence.

Pulmonary nontuberculous mycobacterial (pNTM) dis-
ease is clinically challenging. Therapy entails com-

plex antimycobacterial drug combinations, typically for 
18 months (1), often with poor tolerability (2) and lim-
ited success (3). pNTM disease is increasingly common in 
Canada (4) and the United States (5–7), but its prevalence 
is not well understood. Determining the epidemiology of 
pNTM disease is difficult for several reasons. It is general-
ly not reportable, so population-level data are not routinely 
compiled. The diagnosis requires clinical and radiologic 
information in addition to microbiological examination 
(>2 positive sputum cultures or 1 bronchoscopic or biopsy 
culture) (1). Finally, the chronic nature of pNTM disease 
dictates longitudinal study, illustrated by considering that 
only a minority with pNTM disease appear to be treated 
(18% in 1 study) (6), treatment succeeds in only 56% (3), 
and disease recurs in >30% of patients (2,8). These data 
indicate that most pNTM cases are expected to be chronic. 
Cases detected by isolation of nontuberculous Mycobacte-
rium spp. in 1 year, generally remain prevalent over sever-
al subsequent years, regardless of the reliable appearance 
of subsequent isolates, with a disease duration that may 
depend primarily on patient survival.

The traditional method of identifying cases for NTM 
disease epidemiology studies by using mycobacterial lab-
oratory databases and measuring annual prevalence is not 
ideal. Such studies assume that, in patients with pNTM 
disease, the organism is isolated during every year of dis-
ease, an invalid assumption (6). Recent investigators have 
focused on prevalence within a defined period (period 
prevalence) as an improved estimate of pNTM disease, in-
cluding a 2-year study in Oregon (5), 3-year sampling of 
4 US health care delivery systems (6), and <11-year US-
wide sample of Medicare beneficiaries (7). Important limi-
tations of these studies included the patient populations 
and geographic regions selected and the limited data about 
temporal prevalence changes. Expanding on methods of 
previous studies to overcome some prior limitations, we 
performed a population-based study of pNTM disease in 
Ontario, Canada, using 5-year periods for prevalence cal-
culations and compared prevalence from 1998–2002 to 
2006–2010.

The Study
We performed a retrospective cohort study of all Ontar-

io residents who had pulmonary nontuberculous Mycobac-
terium spp. isolated during 1998–2010, identified from the 
records of the Public Health Ontario Laboratory, capturing 
≈95% of NTM disease in Ontario. Culture was performed 
by using Bactec 460 TB system until 2000 and thereafter 
with BACTEC MGIT 960 (Becton Dickinson, Baltimore, 
MD, USA). Before 2008, speciation was performed by us-
ing a combination of DNA probes (AccuProbe, Gen-Probe, 
San Diego, CA, USA) for Mycobacterium avium complex 
(MAC) and M. gordonae and high-performance liquid 
chromatography for other species and thereafter solely by 
DNA probes (AccuProbe, Gen-Probe) or line-probe assays 
(GenoType, Hain Lifescience, Germany). Because MAC 
was not identified to individual species for most of our 
study, we present data only for MAC.

Full criteria for pNTM disease include the presence of 
all clinical (symptoms and radiology) and microbiological 
components (1). We defined surrogate criteria as micro-
biological criteria only (1), (>2 positive sputum cultures 
or 1 bronchoscopic or lung biopsy culture), which has a 
positive predictive value of 70%–100% (5,6,9,10). Period 
prevalence of disease was calculated as the number of per-
sons who fulfilled the disease criteria during a 5-year pe-
riod (1998–2002 or 2006–2010), divided by the Ontario 
population at the period midpoint. We left a 3-year gap 
(2003–2005) between periods to minimize patient overlap. 
We excluded M. gordonae from period prevalence because 
it is rarely pathogenic (1). We selected a conservative 
5-year period on the assumption that the median survival 
with pNTM disease is 5–10 years (10,11), using the low 
end of the survival range based on assumptions that a small 
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proportion of the cohort would not have true disease (mis-
classified by surrogate definition) and disease of an addi-
tional small proportion would be cured.

Annual isolation prevalence (number of persons in a 
calendar year with >1 pulmonary Mycobacterium spp. iso-
late divided by the contemporary population) and annual 
disease prevalence (number of persons in a calendar year 
whose illnesses fulfilled criteria for disease divided by the 
contemporary population) are presented for illustrative 
purposes. A generalized linear model with negative bino-
mial distribution was used to assess annual rate changes, 
and a simple model binomial approach was used to com-
pare 5-year period prevalence rates by using SAS 9.2 (SAS 
Institute, Cary, NC, USA). This study was approved by the 
University of Toronto Research Ethics Board with the re-
quirement for informed consent waived.

Ontario’s population increased from 11.3 million to 
13.2 million during 1998–2010. Total annual isolations 
of pulmonary Mycobacterium spp. rose from 11.4 to 22.2 
per 100,000 persons (p = 0.0025, mean annual increase 
6.3%) (Table 1; Figure). The relative frequency of dif-
ferent nontuberculous Mycobacterium isolates remained 
constant. The most common pulmonary nontuberculous 
Mycobacterum isolates in 2010 were MAC (12.2 isola-
tions/100,000 persons), M. xenopi (3.9/100,000), M. gor-
donae (3.0/100,000), M. fortuitum (0.8/100,000), and M. 
abscessus (0.6/100,000). Among patients with different 
Mycobacterium spp. isolates in 2010, the following pro-
portions were judged to have disease: MAC, 52%; M. ab-
scessus, 50%; M. xenopi, 38%; and other non–M. gordo-
nae species, 38%. Annual prevalence for all NTM disease 
combined rose from 4.9 cases to 9.8 cases per 100,000 per-
sons (p<0.0001, mean annual increase 6.5%) (Table 1; Fig-
ure). Five-year prevalence of pNTM disease (M. gordonae  

excluded) increased from 29.3 cases per 100,000 persons in 
1998–2002 to 41.3 per 100,000 in 2006–2010 (p<0.0001) 
(Table 2).

Conclusions
The 5-year prevalence of pNTM disease was sub-

stantial and increased significantly during our population-
based assessment in Ontario, Canada. Our measurements 
of period prevalence (29.3 and 41.3 cases/100,000 per-
sons) were substantially higher than observed in Oregon 
(8.6/100.000), probably partially because of the shorter 
period (2 years) and more stringent definition for disease 
(medical records review) used in the Oregon study (5). 
Other studies did not present period prevalence for the en-
tire study populations, only by age strata, and used dura-
tions of 3 years (6,7) or <11 years (7). We selected a 5-year 
period assuming it would provide the most accurate esti-
mate of disease prevalence based on the chronic nature of 
pNTM disease. Prior studies provided age-stratified data, 
with high period prevalence in older patients (20.4/100,000 
to >200/100,000, depending on period length and specific 
age range) (5–7), as expected, because pNTM disease is a 
disease of the elderly (1,4,6,12). Although age data were 
unavailable for our study, annual disease prevalence of pul-
monary MAC in Ontario has a strong age association, with 
an average increase of 14/100,000 per decade increase dur-
ing 50–80 years (4).

Changes in microbiological methods and the num-
ber of samples submitted annually did not account for the 
increases in pulmonary nontuberculous Mycobacterium 
isolation (13). The attenuation in the rate of increase in 
isolation prevalence around the middle of the study cor-
responded with a previously reported plateau in the annual 
number of specimens submitted (13). However, the annual 
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Table 1. Annual prevalence of all pulmonary nontuberculous 
mycobacterial	disease,	Ontario,	Canada,	1998–2010* 
Year Isolation prevalence† Disease prevalence‡ 
1998 11.4 4.9 
1999 14.3 6.3 
2000 15.1 6.1 
2001 18.7 7.6 
2002 21.0 8.1 
2003 18.9 7.3 
2004 22.8 8.6 
2005 22.6 9.1 
2006 23.4 9.7 
2007 24.0 10.3 
2008 24.5 10.4 
2009 24.9 10.7 
2010 22.2 9.8 
*Annual	(1-year)	prevalence,	per	100,000	population,	in	a	calendar	year. 
†Prevalence of >1 pulmonary nontuberculous Mycobacterium isolate. 
Mean	annual	increase:	6.3%	(p	=	0.025). 
‡Prevalence of >2	sputum	nontuberculous	Mycobacterium isolates or 1 
bronchoscopic or biopsy nontuberculous Mycobacterium isolate. Mean 
annual	increase:	6.5%	(p<0.0001). 

 

Figure. Annual isolation prevalence and disease prevalence per 
100,000 persons of pulmonary nontuberculous mycobacteria, 
Ontario, Canada, 1998–2010. 



Pulmonary Nontuberculous Mycobacterial Disease

isolation prevalence continued to rise, and the annual dis-
ease prevalence rose steadily throughout the study period. 
We suspect a multifactorial explanation for the increase 
in pNTM disease: an increase in susceptible hosts (aging, 
chronic lung disease) contributes (4); decades-old increas-
es in water aerosol exposure could cause recent increases 
in pNTM disease, given the potential latency of pNTM 
disease; more computed tomographic scanning probably 
leads to sampling patients with previously unidentified ab-
normalities; and reduced tuberculosis, with an associated 
reduction in cross-immunity, may play a role. The latter 
is supported by observations of increased extrapulmonary 
NTM infection in children not vaccinated with M. bovis 
BCG (14,15). pNTM disease in Ontario is substantial and 
increased greatly from early (1998–2002) to recent (2006–
2010) periods.

Dr Marras is an attending staff physician in the Division of 
Respirology, Department of Medicine, University Health Net-
work and Mount Sinai Hospital, Toronto, and assistant professor 
of medicine, University of Toronto. His primary research interest 
is nontuberculous mycobacterial disease.
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Table	2.	Five-year prevalence of pulmonary nontuberculous 
mycobacterial	disease,	Ontario,	Canada,	1998–2002	and	 
2006–2010* 
Isolate 1998–2002 2006–2010 p value 
M. avium complex 18.0 26.5 <0.0001 
M. xenopi 7.4 9.5 <0.0001 
M. fortuitum 0.63 1.2 0.01 
M. abscessus 0.63 1.2 <0.0001 
Other nontuberculous 
Mycobacterium spp. 

1.8 3.0 <0.0001 

All nontuberculous 
Mycobacterium spp. 

29.3 41.3 <0.0001 

*Period	prevalence	of	disease	excludes	Mycobacterium gordonae (a	rarely	
pathogenic	species)	and	is	calculated	as	the	total	number	of	persons	
whose	illness	fulfilled	disease	criteria	(>2	sputum	nontuberculous	
Mycobacterium isolates or 1 bronchoscopic or biopsy nontuberculous 
Mycobacterium isolate)	during	1	of	the	5-year	periods	of	interest	(1998–
2002	and	2006–2010),	divided	by	the	Ontario	population	at	the	midpoints	
of	the	periods	(2000	for	1998–2002	and	2008	for	2006–2010). 
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Severe Fever with 
Thrombocytopenia 

Syndrome, South 
Korea, 2012

Kye-Hyung Kim,1 Jongyoun Yi,1 Gayeon Kim,  
Su Jin Choi, Kang Il Jun, Nak-Hyun Kim,  

Pyoeng Gyun Choe, Nam-Joong Kim,  
Jong-Koo Lee, and Myoung-don Oh

We report a retrospectively identified fatal case of 
severe fever with thrombocytopenia syndrome (SFTS) in 
South Korea from 2012. SFTS virus was isolated from the 
stored blood of the patient. Phylogenetic analysis revealed 
this isolate was closely related to SFTS virus strains from 
China and Japan.

Severe fever with thrombocytopenia syndrome (SFTS) 
causes signs and symptoms including high fever, vom-

iting, diarrhea, thrombocytopenia, leukopenia, and multiple 
organ failure and has a 6%–30% case-fatality rate (1–4). 
Caused by a novel bunyavirus, SFTS virus (SFTSV), SFTS 
was initially reported in China in 2011 (1). SFTSV has been 
detected in Haemaphysalis longicornis ticks, which have 
been implicated as a vector of the virus (1). H. longicornis 
ticks widely inhabit the Korean Peninsula (5,6), and the Ko-
rea Centers for Disease Control and Prevention reported that 
SFTSV was detected in samples from H. longicornis ticks 
collected during 2011–2012 in South Korea (7). Serocon-
version and viremia of SFTSV have been demonstrated in 
domesticated animals such as goats, sheep, cattle, pigs, and 
dogs; these animals have been implicated as intermediate 
hosts in SFTSV-endemic areas (8,9). SFTSV was also de-
tected in Japan in February 2013 (10). We report a retrospec-
tively identified case of SFTS in South Korea from 2012 and 
the characterization of the SFTSV isolated from the patient.

The Study
On August 3, 2012, fever developed in a previously 

healthy 63-year-old woman who lived in Chuncheon-si, 
Gangwon Province, South Korea; the same day, she no-
ticed a lump on the left side of her neck. She visited a local 
clinic, and ciprofloxacin and ceftriaxone were started on 
the first day of illness. The patient reported that, 2 weeks 

before her fever started, she noticed an insect bite on her 
neck while she was working on a crop farm in Hwacheon-
gun, Gangwon Province (in the northernmost part of South 
Korea). She did not recall having contact with any domes-
tic animals on the farm and had no history of travel outside 
South Korea in the month before illness onset. 

On the third day of her illness, she began having wa-
tery diarrhea, 6 times per day. On the fourth day of the ill-
ness, thrombocytopenia and leukopenia were recorded at 
the local clinic (Table). Because of worsening thrombocy-
topenia, she was transferred to another hospital. Ciproflox-
acin was changed to doxycycline, and ceftriaxone was con-
tinued. A computed tomography scan of the neck showed 
an enlarged (1.6 cm), necrotic lymph node. Multiple lymph 
nodes on the left cervical and left axillary areas were also 
swollen. On the sixth day, the patient was transferred to 
Seoul National University Hospital.

At admission to the hospital, the patient was febrile but 
alert. Her temperature was 38.7°C, blood pressure 126/70 
mm Hg, heart rate 86 beats per minute, and oxygen satu-
ration 92% on room air. Her face was puffy, with a sun-
burned appearance, and both conjunctivae were congested. 
The insect bite site on her posterior neck was swollen and 
erythematous, and the draining cervical lymph node was 
enlarged. Petechiae were observed on her shoulders and 
lower extremities.

Laboratory test results showed pancytopenia and el-
evated serum aminotransferase levels; prothrombin and 
activated partial thromboplastin times were normal, but fi-
brinogen level was decreased (Table). A urine dipstick test 
showed albuminuria (+++), and microscopic examination 
of the urine revealed >100 erythrocytes per high-power 
field. Test results for antibodies against Orientia tsutsu-
gamushi, Hantaan virus, and leptospira were negative. A 
chest radiograph showed bilateral increased vascular mark-
ings, and the plasma level of B-type natriuretic peptide in-
creased to 134 pg/mL (reference range <100 pg/mL); these 
findings suggested cardiac dysfunction. 

On the eighth day of her illness, the patient spoke in-
coherently and was unable to communicate. Cerebrospinal 
fluid analysis showed no erythrocytes or leukocytes and a 
normal chemistry profile. A computed tomography scan of 
the brain showed no evidence of hemorrhage or infarction 
and no other abnormalities. She was transferred to the in-
tensive care unit. On the ninth day, she was intubated and 
placed on continuous renal replacement therapy. On the 
tenth day of illness (August 12, 2012), the patient died of 
multiple organ failure. Ceftriaxone and doxycycline were 
continued until the patient’s death. Antiviral drugs, corti-
costeroids, immunosuppressive agents, or intravenous im-
munoglobulin were not given.
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Because viral infection was suspected but no virus 
could be identified, an anticoagulated blood sample was 
obtained from the patient on the eighth day of illness and 
stored at −70°C. When testing for SFTSV became available 
7 months later, we inoculated monolayers of Vero cells 
with the patient’s blood sample and cultured the cells at 
37°C in a 5% carbon dioxide atmosphere. A culture super-
natant obtained 13 days after the inoculation was used for 
genetic analysis. The culture supernatant was also used to 
inoculate DH82 cells when the cell line became available; 5 
days after the inoculation, we observed a cytopathic effect 
of SFTSV in DH82 cells. The SFTSV-infected Vero cell 
monolayer was fixed according to described methods (11) 
and cut on ultramicrotome (RMC MT-XL) at 65 nm. Ultra-
thin sections were stained with saturated 4% uranyl acetate 
and 4% lead citrate before examination with a transmission 
electron microscope (HITACHI-7100; Hitachi High-Tech-
nologies, Ibaraki, Japan) at 75 kV (Figure 1).

RNA was extracted from the stored blood and from 
virus-infected Vero cells by using a QIAamp Viral RNA 
Mini Kit (QIAGEN, Hilden, Germany). Reverse transcrip-
tion PCR (RT-PCR) was performed to amplify the partial 
large (L) segment of the viral RNA from the stored blood 
to confirm SFTSV, as described (12). RT-PCR results 
were positive, and direct sequencing was done. A BLAST 
search (http://blast.ncbi.nlm.nih.gov/Blast.cgi) showed no 
sequences from organisms other than SFTSV.

Using the culture supernatant, full lengths of all 3 
genome segments (L, medium [M], and small [S]) were 
sequenced by RT-PCR and direct sequencing was per-
formed by using primers designed from previously 
published SFTSV sequences. After polyadenylation of 
3′ ends of the genomic and complementary RNAs, the 
sequences of the segment ends were obtained by rapid 
amplification of cDNA ends. The complete sequences of 
the L, M, and S segments were deposited in GenBank 

(accession nos. KF358691–KF358693). Sequences that 
had homology to our isolate were identified by BLAST 
search. The L, M, and S segments of the isolate showed 
95.8%–99.8%, 94.1%–99.9%, and 94.8%–99.7% iden-
tity, respectively, to previously reported SFTSV se-
quences. We also constructed a phylogenetic tree by the 
neighbor-joining method using RNA-dependent RNA 
polymerase gene nucleic acid sequences to compare the 
isolate we obtained to representative SFTSV strains from 
China and Japan; the isolate and the other strains were 
closely related (95.9%–99.9% sequence relatedness) but 
not identical (Figure 2).
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Table.	Laboratory	findings	of	the	patient	with	severe	fever	with	thrombocytopenia	syndrome,	South	Korea,	2012* 
Laboratory	test	(reference	range) Day	2 Day 4 Day	5 Day	6 Day	7 Day	8 Day	9 Day 10 
Hematocrit,	%	(36–48) NA NA 30 30 38 32 34 20 
Hemoglobin,	g/dL	(12–16) 12.9 13.6 12.4 12.4 12.9 12.8 9.9 7.0 
Leukocytes,	cells/μL	(4,500–10,000) 1,800 1,300 1,600 1,600 2,100 3,150 4,300 4,700 
 Neutrophils,	%	(50–75) 47 60 56 51 76 35 32 33 
 Lymphocytes,	%	(20–44) 36 36 39 41 18 58 57 62 
 Atypical	lymphocytes,	%	(0) NA NA NA NA 4 5 8 3 
Platelets,	/μL	(130,000–400,000) 136,000 98,000 50,000 25,000 32,000 70,000 159,000 116,000 
AST,	IU/L	(0–40) 56 NA 180 383 537 1059 2279 NA 
ALT,	IU/L	(0–40) 32 NA 66 115 137 199 403 NA 
Creatine	kinase,	IU/L	(20–270) NA NA NA 5,127 6,966 7,830 15,224 NA 
LDH,	IU/L	(100–225) NA NA NA NA NA 5270 NA NA 
Creatinine,	mg/dL	(0.7–1.4) NA 0.60 0.70 NA 0.59 0.99 2.17 3.01 
aPTT,	sec	(26–35.3) NA NA NA 44.1 45.4 75.6 71.6 >400 
Prothrombin	time,	INR	(0.8–1.2) NA NA NA 0.98 0.99 1.08 1.06 >25 
Fibrinogen,	mg/dL	(230–380) NA NA NA 172 151 136 124 57 
*Day	1	was	the	onset	day	of	the	illness.	Platelets	were	transfused	on	day	7	and	day	9,	and	fresh	frozen	plasma	was	transfused on	day	9	and	day	10.	
Creatinine	kinase-MB levels were	7,	5,	25.7,	117.5	and	186.2	ng/mL	on	days 6,	7,	8,	9,	and	10,	respectively	(reference	range	0.6–6.3	ng/mL).	No	
anticoagulants	were	used	during	the	hospitalization	and	for	the	renal	replacement	therapy.	NA,	not	available;	AST,	aspartate	aminotransferase;	ALT,	
alanine	aminotransferase;	LDH,	lactate	dehydrogenase;	aPTT,	activated	partial	prothromboplastin	time;	INR,	international	normalized	ratio. 

 

Figure 1. Transmission electron microscopy image of Vero cells 
infected with severe fever with thrombocytopenia syndrome virus 
(arrows). Scale bar indicates 500 nm.



Conclusions
We confirmed a case of SFTS in South Korea in 2012 

by isolation of SFTSV from a stored blood sample col-
lected shortly before the patient’s death. The patient had 
a history of an insect bite while working on a crop farm in 
Hwacheon-gun, Gangwon Province, the northernmost part 
of South Korea. Phylogenetic analysis of the RNA-depen-
dent RNA polymerase gene showed that our virus isolate 
was closely related to SFTSV strains reported from China 
and Japan. 

As of July 5, 2013, the Korea Centers for Disease 
Control and Prevention had confirmed 13 cases of SFTS 
by RT-PCR; of these patients, 8 were dead and 5 alive (13). 
Except for our patient, who died in 2012, all cases occurred 
during 2013.

Dr Kye-Hyung Kim is an infectious disease physician and a 
senior researcher at Seoul National University College of Medi-
cine, Seoul, South Korea. Her main research interests are medical 
virology and infectious disease epidemiology. 
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Figure 2. Phylogenetic tree for the RNA-dependent RNA 
polymerase (RdRP) gene sequences of the large segment of an 
isolate obtained from a patient in South Korea who died of an illness 
retrospectively identified as severe fever with thrombocytopenia 
syndrome (SFTS) (black dot) compared with representative SFTS 
virus strains from China and Japan. The tree was constructed on 
the basis of the nucleic acid sequences of the RdRP genes by 
using the neighbor-joining method. Location, year of isolation, and 
GenBank accession numbers are indicated. Branch length of the 
tree shows the evolutionary distance. Scale bar indicates 2.0% 
sequence distance.
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Seoul Virus in Rats 
(Rattus norvegicus), 

Hyesan, North  
Korea, 2009–2011

To the Editor: Seoul virus 
(SEOV), a member of the  family Bun-
yaviridae, genus Hantavirus, is primar-
ily carried by Rattus norvegicus rats. 
Because members of Rattus species are 
widely distributed, SEOV has the po-
tential to cause human disease world-
wide. It has been reported that SEOV 
causes a milder form of hemorrhagic 
fever with renal syndrome than Hanta-
an virus  and Dobrava-Belgrade virus 
and is responsible for 25% of cases of 
hemorrhagic fever with renal syndrome 
in Asia (1). Although it is well known 
that SEOV is endemic to  China (2) and 
South Korea (3), little is known about 
its distribution in North Korea (4).

In September 2009, June and 
September 2010, and September 
2011, a total of 89 R. norvegicus rats 
were trapped in the city of Hyesan 
(128°30′E, 41°30′N) during the opera-
tion of a cooperative rodent surveil-
lance program of China and North 
Korea. The captured rodents were 
euthanized with barbiturate (100 mg/
kg), weighed, measured, classified by 
sex, and then autopsied. Lung samples 
were probed for the large segment of 
SEOV by reverse transcription PCR 
by using the RT primer P14 (5), the 
primary PCR primers HAN-L-F1 and 
HAN-L-R1, and the nested PCR prim-
ers HAN-L-F2 and HAN-L-R2 (6). 
PCR products were sequenced by us-
ing an ABI 3730 sequencer (Applied 
Biosystems, Foster City, CA, USA).

A high rate of SEOV infection 
was detected in R. norvegicus rats; 15 
(16.8%) of 89 rodent samples tested 
positive for SEOV by reverse tran-
scription PCR. Infection rates at each 
surveillance time were 26.7% (4/15) in 
September 2009, 7.5% (3/40) in June 
2010, 28.6% (6/21) in September 2010, 
and 15.4% (2/13) in September 2011. 
All infected R. norvegicus rats were 

adults; 9 were male and 6 were female. 
The rate of nucleotide substitution in 
these 15 SEOV amplicons (330 bp; 
GenBank accession nos. KC576788–
KC576802, JX853574) was calculated 
by Bayesian Markov chain Monte 
Carlo analysis using BEAST 1.74 (7). 
The mean substitution rate, calculated 
by using the uncorrelated lognormal 
distribution relaxed molecular clock 
model and a Bayesian skyline model 
for the large segment of SEOV, was 
8.27 × 10-3 substitutions/site/year, with 
a 95% high posterior density interval 
that ranged from 1.02 × 10-4 to 1.79 × 
10-2. This substitution rate is about 3 
times greater than that for middle and 
small segments (2).

Phylogenetic relationships were 
assessed by using the uncorrelated 
lognormal distribution relaxed mo-
lecular clock model with the SRD06 
substitution model (8) in BEAST 
1.74. The Hantaan virus strain AA57 
(GenBank accession no. AB620033) 
sequence was used as the outgroup. 
The resulting phylogenetic tree (Fig-
ure) showed that SEOV strains in the 
city of Hyesan shared >97.3% identity 
and were all clustered in their own lin-
eages, subdivided into 2 co-existing 
sublineages. Although the geographic 
distance from Hyesan to northeastern 
China (e.g., Liaoning Province) is 
much less than that between northeast-
ern and southeastern China (e.g., Zhe-
jiang Province) or central China (e.g., 
Hubei Province), the phylogenetic dis-
tance between SEOV strains in North 
Korea and those in each location in 
China in clade A, calculated by using 
MEGA5.1 (9), was 0.03, but was only 
0.01–0.02 between locations in China.

One possible explanation for 
this discrepancy in phylogenetic and 
geographic distances between SEOV 
strains in China and those in North 
Korea may be differences in the extent 
of human contact. Although human in-
teractions among different regions of 
China are extensive, by comparison, 
those between China and North Korea 
are considerably reduced for political 

reasons. In addition, combining with 
small segment (GenBank accession no. 
HQ992815) sequence analysis (data 
not shown), the fact that SEOV strain 
L0199 from Laos were not clustered in 
clade A-D(2) showed that Laos was an-
other possible area of origin for SEOV.

Our work contributes to the 
known epidemiology of exposure to 
the SEOV pathogen in Hyesan. Hy-
esan adjoins Changbai County in Jilin 
Province of China. However, SEOV 
was not detected in Changbai County 
during the surveillance program (data 
not shown), which was consistent with 
previous research (10). This study fur-
ther highlights the need for long-term 
surveillance.

This work was supported partly by 
the fund for International Science and 
Technology Cooperation Program of Chi-
na (grant no.2012DFA30540), the Science 
and Technology Planned Project of Gen-
eral Administration of Quality Supervision 
(grant no. 2012IK251), and Infectious Dis-
eases Special Project, Minister of Health 
of China (2011ZX10004-001).
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 Schmallenberg 
Virus Infection in 

Dogs, France, 2012
To the Editor: In 2011, Schmal-

lenberg virus (SBV) emerged in Eu-
rope (1); the virus spread into France 
in January 2012 (2). During January–
March 2012, a total of >1,000 cases 
were reported in France, mainly in 
stillborn and newborn lambs with con-
genital malformations. 

In March 2012, neurologic disor-
ders were detected in five 15-day-old 
puppies (Belgian shepherd) from a 
dog breeding kennel in northwestern 
France (Orne). We report data sug-
gesting that these puppies were infect-
ed with SBV.

In June 2012, the kennel veteri-
narian contacted a veterinary school 
(Unité de Médecine de l’Elevage et du 
Sport Breeding and Sport Medicine 
Unit, Maisons-Alfort, France) after 
neurologic signs of ataxia, exotropia, a 
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Figure. Phylogenetic tree, 
based on a 330-bp amplicon of 
the Seoul virus (SEOV) RNA-
dependent RNA polymerase 
gene, depicted in FigTree 1.4.0 
(www.molecularevolution.
org/software/phylogenetics/
figtree). The tree was generated 
by using the uncorrelated 
lognormal distribution relaxed 
molecular clock model and 
SRD06 substitution model in 
BEAST1.74 (7). SEOV strain 
name/GenBank accession 
no/country: The location is 
shown in taxa. The posterior 
number is shown for each 
branch. Clades A and D were 
established as  described (2) 
Scale bar represents number 
of nucleotide changes per site.
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head tilt, and stunted growth were ob-
served in a litter of 5 puppies. Four of 
the puppies had died at 5–6 weeks of 
age. The veterinarian collected blood 
samples from the surviving puppy at 3 
months of age, and the puppy was eu-
thanized for necropsy. Severe torticol-
lis was observed during the necropsy, 
but no other macroscopic signs were 
detected. The brain, including the cer-
ebellum; a part of the spine; and ce-
rebrospinal fluid (CSF) were collected 
for further investigation. Specific 
PCR analyses for canine coronavirus, 
Neospora caninum, Toxoplasma gon-
dii, and canine minute virus were per-
formed on CSF; all test results were 
negative. The brain tissue was fixed in 
formalin and processed for histologic 
examination. Features of degenerative 
encephalopathy, including neuronal 
vacuolation, neuropil vacuolation, and 
minimal gliosis, were observed. 

Because some clinical signs were 
evocative of SBV infection and the 
puppy was born in an area where the 
virus was circulating actively in cattle 
and sheep, veterinarians decided to in-
vestigate SBV as a possible etiology. 
Serum samples from the 3-month-old 
puppy and the dam were tested by vi-
rus neutralization test (VNT), accord-
ing to the protocol used for ruminant 
serum. The results were negative for 
the puppy but positive (titer 128) for 
the mother. Specific competitive SBV 
ELISA (IDVet, Montpellier, France) 
against the SBV N protein showed 
similar results.

Real-time reverse transcription 
PCR (RT-PCR) was performed (3) 
to detect the presence of the SBV ge-
nome in the cerebellum. Because the 
sample was paraffin-embedded, RNA 
was extracted from 5-µm sections, as 
described (4). All of the extracted cer-
ebellum sections had positive test re-
sults (cycle threshold range 33-36); the 
extraction and PCR controls all showed 
negative results. To confirm these posi-
tive results, conventional RT-PCR was 
used to amplify a 573-nt sequence of 
the SBV S segment. The amplification 

product was sequenced, and a BLAST 
analysis was performed (www.ncbi.
nlm.nih.gov/BLAST). An identity of 
100% was obtained with the SBV small 
gene segment from a ruminant (Gen-
Bank accession no. KC108860). An 
immunohistochemical assay was also 
performed; the result was negative. 

The remaining 7 female dogs in 
the breeding kennel were tested for 
SBV in October 2012; 1 showed posi-
tive test results by VNT (titer 256), 
which confirmed that SBV was cir-
culating in the kennel. This positive 
dam had a litter of puppies in Decem-
ber 2012, but no signs developed, and 
the puppies were not tested. In March 
2013, repeat testing was done on se-
rum samples from the 2 dogs that had 
shown positive results. Results for 
both animals were positive by VNT 
(titers 32 for the dam and 128 for the 
other dog) and ELISA.

Taken together, specific SBV an-
tibodies in the mother and the SBV ge-
nome in her puppy suggest that these 
dogs experienced SBV infection. The 
absence of detectable SBV antibod-
ies in the puppy in this investigation 
suggests that transplacental infection 
occurred before the onset of fetal im-
mune competence. Maternal infec-
tion probably occurred in January or 
February 2012; entomologic monitor-
ing conducted in France showed the 
presence of Culicoides spp. midges, 
a vector of SBV, during this period in 
northwestern France. In addition, be-
cause the puppies were born in March 
2012 and SBV antibodies were still 
detectable in the mother in March 
2013, the duration of SBV antibodies 
in dogs appears to be >1 year. In cattle 
and sheep, the SBV genome persists in 
an infected fetus and is detectable af-
ter birth by real-time RT-PCR, despite 
gestation length (5,6).

Few reports on orthobunyavirus 
infections in dogs are available. Two 
serologic studies from the United 
States (7) and Mexico (8) found anti-
bodies against La Crosse virus, South 
River virus, and Jamestown Canyon 

virus in dogs. Two other reports de-
scribed cases in which La Crosse virus 
was detected in canine littermates who 
had clinical encephalitis (9) or neuro-
logic disorders (10).

It is unclear if the apparent SBV 
infection we detected in these dogs 
was an isolated event or if other cases 
occurred elsewhere but were not de-
tected because they were not investi-
gated. Further serologic and clinical 
surveys are needed to estimate SBV 
prevalence in dogs and the virus’ in-
volvement in the occurrence of neuro-
logic signs in puppies.
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Geographic  
Co-distribution of 

Influenza Virus  
Subtypes H7N9  

and H5N1 in  
Humans, China
To the Editor: Human infection 

with a novel low pathogenicity influ-
enza A(H7N9) virus in eastern China 
has recently raised global public 
health concerns (1). The geographic 
sources of infection have yet to be 
fully clarified, and confirmed human 
cases from 1 province have not been 
linked to those from other provinc-
es. While some studies have identi-
fied epidemiologic characteristics 
of subtype H7N9 cases and clinical 
differences between these cases and 
cases of highly pathogenic influenza 
A(H5N1), another avian influenza af-
fecting parts of China (2–4), the spa-
tial epidemiology of human infection 
with influenza subtypes H7N9 and 
H5N1 in China has yet to be elucidat-
ed. To test the hypothesis of co-dis-
tribution of high-risk clusters of both 
types of infection, we used all avail-
able data on human cases in mainland 
China and investigated the geospatial 
epidemiologic features.

Data on individual confirmed hu-
man cases of influenza (H7N9) from 
February 19, 2013, through May 17, 
2013, and of influenza (H5N1) from 
October 14, 2005, through May 17, 
2013, were collected from the Chi-
nese Center for Disease Control and 
Prevention. The definitions of these 
cases have been described (3,5). A to-
tal of 129 confirmed cases of influen-
za (H7N9) (male:female ratio 2.39:1) 
and 40 confirmed cases of influenza 
(H5N1) (male:female  ratio  0.90:1) 
were included in the analysis. The 
median age of persons with influenza 
(H7N9) was higher than for persons 
with influenza (H5N1) (58 years vs. 
27 years; z  =  −7.73; p<0.01). Most 
(75.0%) persons with influenza 

(H5N1) had direct contact (e.g., oc-
cupational contact) with poultry 
(including dead and live birds) or 
their excrement and urine, whereas 
most (64.3%) persons with influenza 
(H7N9) had only indirect exposure to 
live poultry, mainly during visits to 
live poultry markets.

Reported cases of influenza 
(H5N1) were distributed over 40 
townships in 16 provinces, where-
as cases of influenza (H7N9) were 
relatively more concentrated, in 108 
townships but only 10 provinces (Fig-
ure). To identify a spatial overlap be-
tween the primary cluster of influenza 
(H7N9) cases, detected in April 2013 
(relative risk [RR]  78.40; p<0.01), 
and the earliest space-time cluster of 
influenza (H5N1) cases, detected dur-
ing November 2005–February 2006 
(RR  65.27; p<0.01), we used spatio-
temporal scan statistics with a maxi-
mum spatial cluster size of 5% of the 
population at risk in the spatial win-
dow and a maximum temporal cluster 
size of 25% of the study period in the 
temporal window (6) (Figure). The 
results suggest that the overlap is not 
perfect and is concentrated around an 
area southeast of Taihu Lake (south of 
Jiangsu Province), bordering the prov-
inces of Anhui and Zhejiang. Smaller 
clusters of influenza (H7N9) cases 
were identified in the boundary of Ji-
angsu and Anhui Province (8 cases; 
RR 64.86; p<0.01) and Jiangxi Prov-
ince (Nanchang County and Qing-
shanhu District) (4 cases; RR 105.67; 
p<0.01). A small cluster of influenza 
(H5N1) cases was detected during 
2012–2013 along the boundaries of 
Guanshanhu, Yunyan, and Nanming 
Counties in Guizhou Province (3 cas-
es; RR 496.60; p<0.01). 

In addition, family clustering, 
defined as >2 family members with 
laboratory-confirmed cases, was 
found for influenza (H7N9) cases 
during March–April 2013 in Shang-
hai and Jiangsu Provinces and for 
influenza (H5N1) cases during De-
cember 2007 in Jiangsu Province. 
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Family clustering may indicate per-
son-to-person viral transmission or 
may reflect common exposure to in-
fected poultry or their excrement in 
the household or in a contaminated 
environment (7). No evidence sup-
ports person-to-person viral trans-
mission as the means of transmis-
sion in family clusters.

In conclusion, we found compel-
ling evidence that the high-risk areas 
for human infection with subtype 
H7N9 and H5N1 viruses are co-dis-
tributed in an area bordering the prov-
inces of Anhui and Zhejiang, which 
suggests that this area might be a 
common ground for the transmission 
of emerging avian influenza viruses 
in China. We also found that visits 
to live poultry markets or exposure 
to contaminated environments are a 
pathway to infection with influenza  

(H7N9) virus, whereas infection 
with influenza (H5N1) is more tied 
to occupational hazards. These dif-
ferences may reflect the differences 
in the pathogenicity of the viruses in 
poultry, which influences disease pro-
gression and identification of clinical 
signs further down the poultry market 
chain. Further empirical investiga-
tion into our findings could identify 
risk factors that might be involved 
in disease transmission to humans in 
high-risk areas and could help public 
health authorities develop targeted 
control and surveillance strategies to 
prevent disease transmission.
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Figure. Geographic and temporal distribution of human cases of infection with avian influenza subtypes H7N9 (circles) and H5N1 (triangles), 
China. A) Distribution and space-time clusters of human influenza (H7N9) and influenza (H5N1) cases, calculated by using Kulldorff’s 
scan statistics in SaTScan version 9.1.1 (6). B) Spatial overlap between influenza (H7N9) and influenza (H5N1) case clusters in an area 
bordering the provinces of Anhui and Zhejiang. C) Primary cluster of influenza (H5N1) cases in Guizhou Province (relative risk [RR] 496.60). 
D) Secondary cluster of influenza (H5N1) cases in Anhui and Zhejiang Provinces (RR 65.27). E) Primary (RR 78.40) and secondary clusters 
of influenza (H7N9) cases on the boundary of Jiangsu and Anhui Provinces (RR 64.86) and in Jiangxi Province (RR 105.67).
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New Variant of 
Rabbit Hemorrhagic  

Disease Virus,  
Portugal, 2012–2013

To the Editor: During November 
2012–February 2013, rabbit hemor-
rhagic disease virus (RHDV) strains 
belonging to the new variant RHDV 
were isolated in Portugal from wild 
European rabbits (Oryctolagus cu-
niculus subsp. algirus). The major 
capsid protein, VP60, of these strains 
was partially characterized. RHDV 
had been previously detected in Por-
tugal in 1989 (1). Before 2011, RHDV 
outbreaks in wild European rabbit (O. 
cuniculus) populations in the Iberian 
Peninsula were exclusively caused by 
strains belonging to genogroup 1 (2,3). 

In the Iberian Peninsula, 2 subspe-
cies of European rabbit are found, O. 
cuniculus subsp. algirus and O. cunic-
ulus subsp. cuniculus. These subspe-
cies are equally susceptible to RHDV 
(3). In 2011, a new variant was iso-
lated in young rabbits belonging to O. 
cuniculus subsp. cuniculus from a rab-
bitry in the province of Navarra, Spain 
(4). The topology of the phylogenetic 
tree that included this variant and the 
susceptibility of kits <2 months old 
suggest that this strain is similar to that 
described in France in 2010 (5).

Before the new variant of RHDV 
emerged and, on the basis of phyloge-
netic relationships, RHDV strains had 
been divided into 6 genogroups (G1–
G6) (1), with strains of G6, or RHD-
Va, having a distinct antigenic profile 
(6). All of these strains replicate in 
the liver and are responsible for caus-
ing death in rabbits >2 months of age. 
Nonpathogenic and weakly patho-
genic RHDV-related strains have also 
been described. The nonpathogenic 
and weakly pathogenic strains are phy-
logenetically distinct from the G1–G6 
strains with ≈20% of nucleotide di-
vergence (7); they typically replicate 
in the intestines (8,9). New variant 
RHDV causes death in kits as young 

as 30 days old and affects vaccinated 
and unvaccinated animals (4). Phylo-
genetically, this new variant falls be-
tween the nonpathogenic groups (4,5).

During November 2012–Feb-
ruary 2013, our laboratory, CIBIO, 
Universidade do Porto, Portugal, re-
ceived liver samples from wild adult 
rabbits and kits, belonging to O. cu-
niculus subsp. algirus, from 3 areas 
of Portugal, Valpaços, Barrancos, and 
Algarve. The rabbits had appeared 
dead and had clinical signs suggesting 
rabbit hemorrhagic disease (RHD). 
We analyzed the samples for RHDV 
by reverse transcription PCR. For this 
process, total RNA was extracted by 
using the RNeasy Mini Kit (QIAGEN, 
Hilden, Germany), according to the 
manufacturer’s instructions. Reverse 
transcription was performed by us-
ing oligo(dT) as primer (Invitrogen, 
Carlsbad, CA, USA) and SuperScript 
III reverse transcription (Invitrogen) 
as recommended by the manufac-
turer. Screening of the samples con-
sisted of PCR with a pair of primers 
as described by Dalton et al. (4). This 
pair amplifies a 738-bp fragment of 
the gene encoding the capsid protein, 
VP60 (PCR conditions are available 
on request). After purification, PCR 
products were sequenced on an au-
tomatic sequencer ABI PRISM 310 
Genetic Analyzer (PE Applied Bio-
systems, Foster City, CA, USA) with 
the same pair of primers.

The virus was detected in 15 sam-
ples, 5 from each locality. The obtained 
sequences were aligned with those 
available from public databases. Re-
trieved sequences represent the RHDV 
groups G1–G6, the nonpathogenic 
groups, and the new variant (GenBank 
accession nos. KF442960–KF442964). 
A phylogenetic tree was inferred in 
MEGA5 (10) by using a maximum-
likelihood (ML) approach. Reliability 
of the nodes was assessed with a boot-
strap resampling procedure consisting 
of 500 replicates of the ML trees. The 
best-fit nucleotide substitution model 
was determined by using MEGA5.
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Our sequences exhibit the highest 
nucleotide sequence identity with the 
RHDV N11 strain from Spain (99%; 
GenBank accession no. JX133161.1), 
which corresponds to the new RHDV 
variant. Thirteen nucleotide substitu-
tions were detected in comparison 
to the Spanish sequence, 3 of which 
were nonsynonymous. The inferred 
ML phylogenetic tree is in agreement 
with those published (1,3,9). G1–G6 
(pathogenic) RHDV strains and non-
pathogenic and weakly pathogenic 
RHDV-related strains (generally re-
ferred to as RCV) form 2 groups 
(Figure). The nonpathogenic strain 
from Australia (RCV-A1_Australia_
MIC-07) does not cluster with other 
nonpathogenic groups and European 
brown hare syndrome virus (EBHSV_
France) appears in a basal position in 
the tree. As described, the new variant 
(N11_Spain) appears between RCV 
and the nonpathogenic Australian 
strain (4,5). The strains isolated from 
rabbits in Portugal cluster with the 
new variant and form a highly sup-
ported group (bootstrap value 1.00). 
These results support the conclusion 
that the virus recovered in Portugal 
belongs to the new variant RHDV de-
scribed in Spain and France.

This  confirms the presence of 
the virus in wild rabbits on the Ibe-
rian Peninsula. We also confirm that 
both European rabbit subspecies are 
susceptible to the new variant. The ap-
pearance and rapid spread of the new 
variant RHDV into the Iberian wild 
rabbit populations raise concern for 
the survival of these populations in 
this region. These conservation con-
cerns are particular highlighted for the 
O. cuniculus subsp. algirus, because it 
only occurs in the southwestern part of 
the Iberian Peninsula, and it is a key 
prey species for several carnivores, 
namely, for the most endangered fe-
line, the Iberian Lynx (Lynx pardinus). 
Therefore, monitoring the spread and 
evolution of this new variant is crucial 
in determining the most appropriate 
conservation measures.
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Figure. Maximum-likelihood phylogenetic tree of 95 partial sequences of the rabbit 
hemorrhagic disease virus (RHDV) capsid gene. Bootstrap values appear next to the nodes 
and are shown only for the major groups: G1–G6 (GenBank accession nos. AB300693, 
AF231353, AF258618, AF453761, AJ006019, AJ302016, AJ303106, AJ495856, 
AJ535092, AJ535094, AJ969628, AM085133, AY269825, AY523410, AY926883, 
AY928268, AY928269, DQ069280, DQ069281, DQ069282, DQ189077, DQ189078, 
DQ205345, DQ280493, DQ530363, DQ841708, EF363035, EF558572, EF558573, 
EF558574, EF558575, EF558576, EF558577, EF558578, EF558581, EF558582, 
EF558583, EF558584, EU003578, EU003579, EU003580, EU003581, EU003582, 
EU250330, EU650679, EU650680, FJ212322, FJ212323, FJ794179, FJ794180, 
FN552800, FR823354, FR823355, GU339228, GU373617, GU373618, GU564448, 
HE963222, HM623309, HQ917923, JF412629, JF438967, JN165233, JN165234, 
JN165235, JN165236, JN851729, JN851730, JN851731, JN851732, JN851733, 
JN851734, JN851735, JQ815391, JQ995154, L48547, M67473, RHU49726, X87607, 
Y15424, Y15427, Z24757, Z29514, Z49271), RCV (GenBank accession nos. GQ166866; 
AM268419; X96868) and new variant RHDV (GenBank accession no. X133161). European 
brown hare syndrome virus (EBHSV) was used to root the tree (GenBank accession no. 
NC_002615). A nonpathogenic strain from Australia was also included (GenBank accession 
no. EU871528). The samples isolated from the rabbits found in Portugal appear in bold 
(Valpaços16_Portugal, Algarve1_Portugal, Algarve3_Portugal, Barrancos7–13_Portugal, 
Barrancos10A-13_Portugal, GenBank accession nos.: KF442960–KF442964. Scale bar 
indicates nucleotide substitutions per site,
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Mycobacterium 
yongonense in  

Pulmonary Disease, 
Italy

To the Editor: Mycobacterium 
yongonense is a recently described 
species (1) that belongs to the M. avi-
um complex (MAC) and is associated 
with pulmonary infection. The strain 
on which the description of species 
was based was isolated in South Ko-
rea from the sputum of a patient with 
unspecified pulmonary disease. We 
describe 2 M. yongonense strains iso-
lated from patients in Italy. 

Patient 1 was a 74-year-old 
woman who had experienced fatigue, 
diarrhea, and weight loss. Her medi-
cal history included liver cirrhosis 
resulting from hepatitis C virus in-
fection and surgery for colon cancer; 
the patient also reported tuberculosis 
in childhood. Chest radiograph re-
vealed a cavitary lesion, a finding con-
firmed by computed tomography scan 
(Figure). Cultures in liquid and solid 
media grew a nonchromogenic my-
cobacterium from sputum and stool 
samples; results were negative for 
urine samples.

The patient was treated with clar-
ithromycin, rifabutin, and ethambutol 
and showed some improvement. A 
bronchoscopic investigation was per-
formed, and microscopic examination 
of bronchoalveolar lavage samples 
revealed the presence of acid-fast 
bacilli that subsequently were grown 
in culture. The patient began improv-
ing markedly starting with the second 
month of treatment, which will be 
continued for a total of 18 months.

Patient 2 was a 74-year-old 
woman, living in a community of 
nuns, who reported cough and dys-
pnea. Her medical history included 
renal failure and surgery for breast 
cancer. A bronchoalveolar lavage 
was performed; samples yielded in 
culture Pseudomonas aeruginosa and 
a nonchromogenic mycobacterium.  
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Figure or Table and should not be divid-
ed into sections. All letters should con-
tain material not previously published 
and include a word count.
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The patient was treated with ce-
fepime, to which P. aeruginosa was 
susceptible in vitro, and rapidly im-
proved. The isolation of the nontu-
berculous mycobacterium was con-
sidered irrelevant, and no specific 
treatment was undertaken.

To determine the specific myco-
bacteria species isolated from these 
patients, we conducted a commercial 
line-probe assay (GenoType Myco-
bacterium CM; Hain Lifesciences, 
Nehren, Germany). Both strains were 
identified as M. intracellulare. How-
ever, the known cross-reaction of M. 
intracellulare probe with most MAC 
species (2) led us to determine the 
complete sequence of the 16S rRNA 
gene. Both strains showed 100% 
similarity with M. yongonense and M. 
marseillense (3) strains. 

To confirm this unusual find-
ing, we investigated other genetic 
regions. We detected 100% identity 
with M. yongonense in the internal 
transcribed spacer 1 region and in a 
1,384-bp region of the hsp65 gene 
and found 2 mismatches in a 420-bp 
fragment of the sodA gene (99.5% 

similarity). In contrast, M. marseil-
lense showed 6 mismatches (98.6% 
similarity) in the internal transcribed 
spacer 1 region and 24 (98.3% simi-
larity) in hsp65; no sodA sequence is 
available in GenBank for this species. 
Partial sequencing of other genetic 
targets not available in GenBank for 
M. yongonense enabled us to confirm 
the close relatedness of the strains to 
M. intracellulare (100% similarity in 
dnaK gene; 99.3% identity in gyrB 
and gyrC genes).

The finding of the same novel 
Mycobacterium species in these 2 
unrelated patients reflects variability 
in the significance of nontuberculous 
mycobacteria isolated from clini-
cal specimens. M. yongonense was 
probably a contaminant in the second 
case, but in the first, its involvement 
as causative agent of disease seems 
incontrovertible. The specific criteria 
of the American Thoracic Society (4) 
were fulfilled: radiographic imaging 
clearly documented the presence of 
a cavitary pulmonary lesion, no other 
pathogen possibly responsible of dis-
ease was detected by bronchoscopic 

investigation, and the same mycobac-
terium was isolated repeatedly from 
sputum (its presence in stool prob-
ably results from swallowed sputum) 
and bronchoalveolar lavage samples. 
Confirmation is further provided by 
the response to the specific therapy, 
according to international guidelines 
(4,5), for MAC pulmonary disease 
(MICs were 2, 1, and 8 µg/mL for 
clarithromycin, rifabutin, and etham-
butol, respectively).

The initial description of M. yon-
gonense noted that it has a distinct 
rpoB sequence (1), identical to that 
of a distantly related scotochromo-
genic species, M. parascrofulaceum. 
In a more recent article (6), the same 
authors investigated 2 more strains of 
M. yongonense with similar charac-
teristics and suggested that the recent 
acquisition of the rpoB gene resulted 
from a lateral gene transfer event 
from M. parascrofulaceum. The rpoB 
genes of the strains we investigated, 
however, were substantially differ-
ent from that of M. scrofulaceum and 
were instead related to that of M. in-
tracellulare (99.4% similarity) and, 
less closely, to that of other species 
belonging to the MAC, including M. 
marseillense (97.4%). Discrepancy in 
the rpoB sequence means some un-
certainty remains that our strains are 
M. yongonense, but the 100% identity 
in major phylogenetically relevant re-
gions strongly supports this hypoth-
esis and suggests the possibility of a 
variant of the species preceding the 
acquisition of the rpoB gene from M. 
parascrofulaceum. Less evidence ex-
ists for identifying the strains as M. 
marseillense because of the clear di-
vergence in the genes investigated, 
other than 16S rRNA. 

The complete epidemiology of M. 
youngonense is unknown, in part be-
cause few strains have been identified. 
However, as in the cases we describe, 
use of suboptimal identification meth-
ods may mean that some isolates have 
been misidentified as other mycobac-
teria species.
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Figure. Computed tomography scan showing a cavity (arrow) in the left lung of a 74-year-
old woman (patient 1) in Italy. Laboratory testing suggests that the woman was infected 
with Mycobacterium yongonense.



LETTERS

GenBank accession numbers for 
the M. yongonense strains identified in 
this study (FI-13004 and FI-13005) are 
KF224989–KF224999.
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Subcutaneous  
Infection with  
Dirofilaria spp. 
Nematode in  

Human, France
To the Editor: The article by 

Foissac et al. titled Subcutaneous 
infection with Dirofilaria immi-
tis nematode in human, France (1) 
presents an interesting and challeng-
ing diagnostic dilemma. The paper 
described, but did not illustrate, the 
worm as having a strongly ridged ex-
ternal surface of the cuticle–a feature 
known not to exist on Dirofilaria im-
mitis, the dog heartworm. However,  

molecular sequencing of the speci-
men demonstrated much closer simi-
larity to D. immitis than to D. repens, 
the most common cause of zoonotic 
subcutaneous dirofilariasis infection  
in Europe. 

Well-described morphologic fea-
tures of parasites, including in tissue 
sections, have long been the standard 
for diagnosis. More recently, molecu-
lar diagnostics have helped in many of 
these difficult cases. However, in some 
cases, the morphology and molecular 
diagnosis are discordant. On the basis 
of the data in the article, the worm does 
not seem to represent D. repens. A more 
likely possibility is some other species 
for which no sequences are yet avail-
able for comparison. In such a worm, 
the regions sequenced must be similar 
to D. immitis, and distinct from D. re-
pens, to achieve the observed results. 

When one encounters a case such 
as this, where well-validated mor-
phologic features (Figure) are con-
tradictory to the molecular analysis, 
one must exercise caution in arriving 
at a final diagnosis. One disadvantage 
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Figure. Cross-section of the filarial nematode seen in the subcutaneous nodule on the 
thigh of a woman in France. The features, as described in the original report (1), include 
prominent, longitudinal ridging of the cuticle (arrows), 2 reproductive tubes, and the 
intestine (asterisk). Scale bar indicates 50 µm. Image courtesy of Jean-Philippe Dales.
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of morphologic and molecular diag-
nostics is an absence of information 
on poorly described and character-
ized pathogens or new pathogens that 
have yet to be identified. No good 
algorithm exists to resolve these 
conflicts other than to explore all 
possibilities. The diagnosis in the de-
scribed case is probably best left as a 
Dirofilaria species of the Dirofilaria 
(Nochtiella) type, members of which 
exhibit marked cuticular ridging, and 
not D. (Dirofilaria) immitis type, 
members of which have as a feature 
an absence of cuticular ridging.

Mark L. Eberhard
Author affiliation: Centers for Disease Con-
trol and Prevention, Atlanta, Georgia, USA

DOI: http://dx.doi.org/10.3201/eid1911.130606

Reference

  1.	 Foissac M, Million M, Mary C, Dales JP,  
Souraud JB, Piarroux R, et al. Subcuta-
neous infection with Dirofilaria immi-
tis nematode in human, France. Emerg  
Infect Dis. 2013;19:171–2. http://dx.doi.
org/10.3201/eid1901.120281

Address for correspondence: Mark L. Eberhard, 
Centers for Disease Control and Prevention, 
1600 Clifton Rd NE, Mailstop D65, Atlanta, GA 
30333, USA; email: meberhard@cdc.gov

In Response: We agree with  Eb-
erhard (1) that it is difficult to make 
a species identification when data de-
rived from morphologic examinations 
do not correlate with those of mo-
lecular diagnostics. Errors may be the 
result of poor indexing of sequences 
deposited in sequence databases or 
inaccurate estimation of the degree of 
genomic polymorphisms within a spe-
cies and between closely related spe-
cies. On the other hand, a morphologic 
difference between 2 organisms, if it 
is associated with only 1 characteris-
tic, should not be considered sufficient 

to classify them as 2 distinct species. 
Such a phenotypic variation may be 
the result of a single mutation or de-
letion. Consequently, the absence of 
a certain character does not exclude 
the categorization of an organism as a 
given species. 

Molecular identification of the 
Dirofilaria spp. worm in our clinical 
case was made on the basis of 2 dis-
tinct sequences, each of which exhib-
ited marked differences between D. 
immitis and D. repens (2). The first 
sequence targeted internal transcribed 
spacer regions of ribosomal genes and 
revealed up to 100% homology with 
D. immitis sequences from GenBank, 
whereas a maximum homology of 
80% was observed with D. repens se-
quences from GenBank. The second 
sequence targeted the cytochrome 
oxidase 1 gene and showed 100% 
homology with D. immitis, whereas 
<90% homology was observed for 
D. repens. For both analyzed targets, 
GenBank contained several sequences 
for D. immitis and D. repens that were 
deposited by various investigators, 
and all sequences yielded consistent 
results. Therefore, there is no basis to 
suggest that the sequences deposited 
in GenBank were incorrect. 

Nevertheless, we agree that an 
alternate hypothesis is possible. The 
worm reported in our article could 
conceivably belong to a species that 
differs slightly from both D. immitis 
and D. repens, displaying morpho-
logic similarities with D. repens but 
being more closely associated with D. 
immitis at the genomic level.
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Cytomegaloviruses: 
From Molecular 
Pathogenesis  

to Intervention
Matthias J. Reddehase, editor 
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Lemmermann) 
Caister Academic Press, London, 
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Many health professionals rely 
on journal articles to keep up with ad-
vances in their field because textbooks 
are often 1–2 years out of date by the 
time they come to press, and are far 
more expensive than the occasional 
PDF downloaded from a university 
library Web site. This 2-volume text 
on cytomegalovirus (CMV) is costly 
and cites data from before 2012, but 
provides a solid foundation on which 
to apply new findings. Volume I is 
mainly focused on the basic science 
of and related animal experiments on 
CMV; volume II is aimed at the clini-
cal reader, again with chapters on rele-
vant animal model studies. Each chap-
ter reads as a short review article, and 
is easily digestible. Many well-recog-
nized experts in this field contributed 
content, which should be reassuring 
to the reader. The text and referencing 
style are easy to read and the figures 
and tables are illustrative and helpful. 
The volumes come in a compact size, 
making them convenient to carry, and 
also are downloadable as eBooks.

Volume I gives in-depth over-
views of primate and murine CMVs, 

CMV metabolomics, miRNAs, and 
proteomics. Most of the chapters are 
dedicated to viral gene expression and 
function and virus interaction with hu-
man host cells, describing immune re-
sponse, aspects of viral tropism, entry, 
pathogenesis, and latency. The termi-
nology used in Volume I is specialized 
and may be difficult for readers who 
do not work in these fields.

Volume II covers essential clini-
cal background: the epidemiology of 
CMV infections in pregnancy, CMV 
infections in solid and bone marrow 
transplants, CMV therapy and drug re-
sistance, diagnostic methods, and vac-
cine development. Additional chapters 
describe the host immune response to 
CMV infection, and mechanisms of 
infection in specific targets, such as 
the placenta.

Chapters in both volumes are de-
tailed and clearly written; the editors 
are to be commended on maintaining 
this standard. However, additional de-
tail and discussion (i.e., pros and cons) 
about alternative targets for CMV PCR 
monitoring of transplant patients, such 
as pp65 antigen and pp67 mRNA ver-
sus DNA, would have been helpful. 
Also, an in-depth chapter on the char-
acteristics of reinfecting or superinfect-
ing strains of CMV in various clinical 
situations would be useful; such strains 
are frequently referred to without de-
scription throughout the clinical text. 
Perhaps one surprising omission on the 
clinical side is a chapter comparing and 
contrasting the various clinical guide-
lines for the treatment of CMV infec-
tions in transplant patients; this would 
highlight differences in how published 
data are interpreted.

Chapter II.23, Putative Disease 
Associations with Cytomegalovirus: a 
Critical Survey, explores the possible 
role of CMV as an etiologic agent for 
specific clinical syndromes, including 
glioblastomamultiforme, cardiovas-
cular disease, and the role that CMV 
may play in immunosenescence. This 
makes fascinating and educational 
reading, especially in how the authors 
tease out the relevant (and irrelevant) 
evidence for and against these poten-
tial etiologic roles.

The price tag is considerable, 
although the 2 volumes can be pur-
chased separately (http://www.hori-
zonpress.com/hsp/supplementary/
cmv2/cmv2-vol1-vol2.html). As a 
medical–clinical virologist, I find Vol-
ume II to be a useful reference text. 
Those working on the basic virology 
of CMV may consider Volume I a use-
ful addition to their libraries. These 
volumes give comprehensive, yet suc-
cinct overviews of the current state of 
knowledge of many aspects of CMV 
and are detailed enough to satisfy 
most readers.
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Sweet wine, unblended, served Odysseus well in the es-
cape with his companions from the Cyclops’ cave dur-

ing his epic return to Ithaca. The wine, a gift from Maron, 
grandson of Dionysus, was exceptional. “When he drank it 
he mixed twenty parts of water to one of wine, and yet the 
fragrance from the mixing bowl was so exquisite that it was 
impossible to refrain from drinking.” Odysseus carried a 
large skin with this wine, in case on the way he had to deal 
with some unknown savage of great strength who “would 
respect neither right nor law.”

Mixing wine with water before drinking was a mark of 
civilized behavior in ancient Athens and an essential fea-
ture of the symposium, a gathering in which drinking to-
gether was intertwined with conducting business. The prac-
tice spawned a line of equipment for transporting, mixing, 
and consuming wine. One such implement was the krater, 
a vessel in which wine was diluted to the right consistency 
for drinking. Kraters, often too large to be used for serv-
ing, were positioned in the center of a room and sometimes 
were decorated with images of symposium proceedings.

Athenian pottery was common in the Mediterranean 
region as far back as 2,800 years ago. Clay vessels of dif-
ferent sizes, shapes, and uses were widely traded. And 
while little painting of that period has survived, even on 
stone, intact and fragmented painted vases from various  

locations abound because they were exceptionally durable, 
more so than metal. As a result, they became a repository, 
not only of painting but of religious and social norms and 
daily activities, from raising children to burying the dead. 
Historical and mythologic scenes, also used heavily, pro-
vided the opportunity to inject life scenes with life lessons.

Pottery was difficult work half art, half magic. Clay 
pots were created in workshops, usually led by master pot-
ters, who knew how to manipulate kiln temperature by let-
ting air in and out at different times, never knowing for 
certain how the final product would turn out. Many pots 
were clearly signed. Others are recognizable as products 
of a certain workshop or area known for a distinctive style. 
The potter was not necessarily the painter, although many 
times they were one and the same. The painter who created 
the krater on this month’s cover was named after Sappho, 
the famous poet of antiquity, a popular subject for artistic 
representation. His name, “the Sappho painter,” came from 
a vase, now in a museum in Warsaw, showing perhaps the 
oldest portrait of Sappho, a woman playing a long-armed 
lyre. The name “Sappho” is incised next to the figure.

The black-figure technique, featured on the krater on 
this month’s cover, evolved from earlier geometric de-
signs in Corinth and then Athens. The surface of the pot 
was covered with a black pigment on which details were 
incised that would turn red in the final stage of firing. Cer-
tain conventions prevailed in the painted scenes. Figures 
were flat, although not entirely without perspective. Faces 
were shown in profile, young men generally beardless, 
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older women heavyset. Inscriptions floated conspicuously 
in-between figures.

Odysseus Escaping from the Cave of Polyphemos is 
the image on a wide mouth black-figure krater with two 
columnlike handles. The theme was a popular one: a fa-
mous hero set against Polyphemos—“A horrid creature, 
not like a human being at all, but resembling rather some 
crag that stands out boldly against the sky on the top of a 
high mountain.” The tired Odysseus and his crew found the 
monster’s cave. “His cheese-racks were loaded with chees-
es, and he had more lambs and kids than his pens could 
hold.” But what he had in prosperity, Polyphemos lacked 
in hospitality. “The cruel wretch … gripped up two of my 
men at once and dashed them down upon the ground as 
though they had been puppies. Their brains were shed upon 
the ground, and the earth was wet with their blood. Then he 
tore them limb to limb and supped upon them.”

Homer’s hero realized that extraordinary measures 
would be needed for him and his companions to get out of 
the monster’s cave alive. “Look here, Cyclops … you’ve 
been eating a great deal of man’s flesh, so take this and 
drink some wine.” The undiluted potion had the anticipated 
effect. “This drinks like nectar and ambrosia all in one,” 
the Cyclops exclaimed. “Be so kind … as to give me some 
more and tell me your name at once.” Odysseus obliged. 
“My name is Nobody … This is what my father and mother 
and my friends have always called me.”

Drunk and sick, the monster fell “backwards and a 
deep sleep took hold upon him.” Odysseus and his men 
then thrust a burning beam of wood into the monster’s eye 
“till the boiling blood bubbled all over it as we worked it 
round and round.” The Cyclops cried and shouted “in a 
frenzy of rage and pain,” alerting his friends that Nobody 
was killing him, “by fraud or by force.” For Odysseus and 
his friends, the problem now was how to get out of the cave 
when Polyphemos moved the huge bolder to let the sheep 
out in the morning.

“The male sheep were well grown and carried a heavy 
black fleece, so I bound them noiselessly in threes togeth-
er … there was to be a man under the middle sheep, and 
the two on either side.” And, “There was a ram finer than 
any of the others, so I caught hold of him by the back, en-
sconced myself in the thick wool under his belly, and flung 
on patiently to his fleece, face upwards, keeping a firm hold 
on it all the time.”

On the krater depicting the story, the faces betray no 
emotion. Polyphemos has just lost his vision. “Nobody,” 
tied with rope under the ram and clinging for dear life, 
awaits the outcome of his daring escapade. The ram re-
ceives a tender stroke from his master. “My good ram, what 
is it that makes you the last to leave my cave this morning?”

Outside the cave at last, his men safely on the ship, 
Odysseus cannot contain himself. “Like a craftsman, I had 

to leave my name on my handiwork,” he shouts. “Cyclops 
…. If anyone asks you who it was that put your eye out and 
spoiled your beauty, say it was the valiant warrior Odys-
seus, son of Laertes, who lives in Ithaca.”

In the times of Homer, monsters lived in caves, the 
mountains, and the sea. They symbolized humans’ worst 
fears–being eaten was one of them. “He gobbled them up 
like a lion in the wilderness, flesh, bones, marrow, and 
entrails, without leaving anything uneaten.” There was a 
clear dichotomy. Cyclopes were bad, sheep good. Cyclo-
pes ate humans. Humans ate sheep and shared food and 
wine with others.

In our times, the landscape of monsters has expanded 
to include the dark side within us and even within sheep. 
In the absence of the mythical Cyclopes, humans can still 
be eaten, now by disease, which sometimes devours the 
brain, disabling and finally destroying the body. Unbe-
known to Odysseus, his escape vessel, Polyphemos’ prized 
sheep, could destroy him if its self-replicating prions could 
be transmitted to humans. For BSE, a prion disease of do-
mestic cattle, good evidence exists from natural exposure 
and laboratory studies that this could happen. For scrapie, 
a prion disease of sheep, the evidence is not there, although 
the risk remains unknown.

Like pottery making, models of disease are fraught 
with uncertainties. They can be influenced by subtle differ-
ences in prion strains from different species of animals. The 
difficulty lies in demonstrating human susceptibilities in 
animal models. However, animals are not humans, humans 
are not identical to each other, and small risk is difficult to 
demonstrate statistically. We cannot tell if atypical scrapie 
prions cause human disease because, despite the names we 
ascribe to atypical proteins, we do not know who they are 
or what they are capable of until, like Odysseus, they fi-
nally announce themselves.
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Tropheryma whipplei Endocarditis
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1. Which of the following statements regarding 
epidemiologic factors among patients with 
Tropheryma whipplei endocarditis in the current study 
is most accurate?
A.	 All patients were male
B.	 Most patients acquired the infection in Africa or Asia
C.	 Nearly all patients were older than 70 years
D.	 Most patients had previous cardiac valve disease

2. What was the most common presenting symptom of 
T. whipplei endocarditis in the current study?
A.	 Fever
B.	 Neurologic complications of stroke
C.	 Arthralgias
D.	 Weight loss

3. Which of the following statements regarding 
laboratory findings among patients with T. whipplei 
endocarditis is most accurate?
A.	 C-reactive protein levels were normal in most patients
B.	 Nearly all patients had positive findings on heart valve 

analysis for T. whipplei 
C.	 Nocardia spp. were frequently found as co-infections 

with T. whipplei 
D.	 Nearly all saliva and fecal samples were positive for  

T. whipplei 

4. What other findings were present among patients 
with T. whipplei endocarditis in the current study?
A.	 Valves infected with T. whipplei demonstrated rare 

signs of inflammation
B.	 Valvular infiltrates consisted primarily of neutrophils
C.	 Most patients had a positive serological profile for 

classic Whipple disease
D.	 There was wide variability in the genotypes 

represented
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1. You are seeing a 40-year-old woman with diarrhea and 
fever for the past 3 days. You are concerned regarding 
the possibility of Clostridium difficile infection (CDI). 
The patient also reports that she has had increasing 
abdominal pain for the past year, and you consider 
whether she has inflammatory bowel disease (IBD). 
Which of the following statements is most accurate 
regarding the relationship between IBD and CDI?
  A.	 IBD is associated with increased morbidity and 

mortality associated with CDI
  B.	 Most patients with IBD acquire CDI in inpatient 

settings
  C.	 CDI generally develops more slowly after hospital 

admission among patients with IBD compared with 
patients without IBD

  D.	 IBD does not affect the risk of antibiotic exposure

2. Which of the following factors was significantly 
more common in the healthcare-onset (HO) vs 
community-onset (CO) groups in the current study?
A.	 Obesity
B.	 Antibiotic use
C.	 Diabetes
D.	 End-stage renal disease

3. How did the CO cohort most differ from the  
CO–healthcare facility–associated (HCFA) cohort in 
the current study?
  A.	 The CO cohort was older
  B.	 The CO cohort was more likely to use acid 

suppressive medications
  C.	 The CO cohort was more likely to be obese
  D.	 The CO cohort was more likely to be male

4. Which group of patients had the highest rate of IBD 
in the current study?
  A.	 CO
  B.	 CO-HCFA
  C.	 HO
  D.	 CO-HCFA and HO

1. The activity supported the learning objectives. 
Strongly Disagree Strongly Agree 

1 2 3 4 5
2. The material was organized clearly for learning to occur.

Strongly Disagree Strongly Agree
1 2 3 4 5

3. The content learned from this activity will impact my practice.
Strongly Disagree Strongly Agree
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Complete list of articles in the December issue at
http://www.cdc.gov/eid/upcoming.htm
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November 4–7, 2013 
3rd ASM-ESCMID
Conference on Methicillin-resistant 
Staphylococci in Animals: Veterinary 
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November 5–7, 2013
ESCAIDE 2013
European Scientific Conference on 
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http://www.escaide.eu
 
November 13-17, 2013
ASTMH–American Society of 
Tropical Medicine and Hygiene
Washington, D.C.,
November 13-17, 2013.
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November 30–December 4, 2013
ASLM
African Society for 
Laboratory Medicine
Innovation and Integration of 
Laboratory and Clinical Systems
Cape Town, South Africa
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16th International Congress 
on Infectious Diseases
Cape Town, South Africa
http://www.isid.org/icid/

Announcements
To submit an announcement, send an email 
message to EIDEditor (eideditor@cdc.gov). 
Include the date of the event, the location, the 
sponsoring organization(s), and a website 
that readers may visit or a telephone number 
or email address that readers may  contact 
for more information.

Announcements may be posted on the  
journal Web page only, depending on the 
event date.
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