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Rates of colonization with livestock-associated methicil-
lin-resistant Staphylococcus aureus (MRSA) sequence type 
398 have been high for pigs and pig farmers in Canada, but 
prevalence rates for the general human population are un-
known. In this study, 5 LA-MRSA isolates, 4 of which were 
obtained from skin and soft tissue infections, were identifi ed 
from 3,687 tested MRSA isolates from persons in Manitoba 
and Saskatchewan, Canada. Further molecular character-
ization determined that these isolates all contained staphy-
lococcal cassette chromosome (SCC) mecV, were negative 
for Panton-Valentine leukocidin, and were closely related by 
macrorestriction analysis with the restriction enzyme Cfr91. 
The complete DNA sequence of the SCCmec region from 
the isolate showed a novel subtype of SCCmecV harboring 
clustered regularly interspaced short palindromic repeats 
and associated genes. Although prevalence of livestock-as-
sociated MRSA seems to be low for the general population 
in Canada, recent emergence of infections resulting from 
this strain is of public health concern.

High prevalence of colonization with livestock-associ-
ated (LA) methicillin-resistant Staphylococcus aureus 

(MRSA) sequence type (ST) 398 among pigs and pig farm-

ers was fi rst reported in the Netherlands (1) and has since 
been identifi ed in Canada (2) and the United States (3). In 
Canada, this LA-MRSA strain was identifi ed in pigs and 
pig farmers in southwestern Ontario, where prevalence of 
MRSA colonization was 24.9% (71/285) and 20% (5/25), 
respectively (2). In the United States, nasal samples from 
20 production system workers and 299 swine from 2 farms 
in Illinois and Iowa showed that 45% (9/20) and 49% 
(147/299), respectively, were colonized with LA-MRSA 
(3). Despite such high prevalence of MRSA colonization 
on these tested farms, to our knowledge, no human or ani-
mal infections resulting from LA-MRSA strains have been 
reported in North America.

To determine whether LA-MRSA has recently emerged 
in the general population of Canada, we identifi ed human 
infections and colonizations associated with the LA-MRSA 
strain in Canada and molecularly characterized the isolates. 
We also identifi ed a novel staphylococcal cassette chro-
mosome (SCC) mecV subtype harboring clustered regu-
larly interspaced short palindromic repeats (CRISPR) and 
CRISPR-associated genes (cas).

Materials and Methods
A convenience sample, totaling 2,358 MRSA iso-

lates from human specimens, was submitted to the Na-
tional Microbiology Laboratory (NML) for spa typing, 
as described (4,5). During January 2007–October 2008, 
the Saskatchewan Disease Control Laboratory submitted 
2,008 specimens; during October 2007–August 2008, the 
Cadham Provincial Laboratory in Manitoba submitted 
350 specimens. An additional 1,329 isolates from human 
specimens were spa typed by the Saskatchewan Disease 
Control Laboratory.
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Given the client base of the Cadham Provincial Labo-
ratory, most of these isolates would have originated from 
colonized and infected persons living in the community 
or in personal-care homes or from persons hospitalized 
in smaller community hospitals, whereas, for surveillance 
purposes, the Saskatchewan Disease Control Laboratory 
receives isolates from all colonized and infected persons 
across the province. Detailed information regarding why 
cultures were taken (e.g., screening admissions, outbreak 
investigations) and other clinical and epidemiologic data 
were limited. Isolates typed in this study represented ≈17% 
of all MRSA isolates from persons in Manitoba and ≈66% 
of all MRSA isolates from persons in Saskatchewan within 
the study period. An additional isolate was sent to the NML 
from Sunnybrook Health Sciences Centre in Ontario for 
reference purposes.

Isolates with spa types associated with ST398 were 
confi rmed by multilocus sequence typing; tested for Pan-
ton-Valentine leukocidin toxin, mecA, and nuc genes; and 
typed for SCCmec as described (6–9). Pulsed-fi eld gel elec-
trophoresis (PFGE) of SmaI- or Cfr91-digested genomic 
DNA was conducted as described (10). Antimicrobial drug 
susceptibility testing was conducted by using standard broth 
microdilution panels according to Clinical and Laboratory 
Standards Institute guidelines (11). Breakpoints for fusidic 
acid and mupirocin resistance, which were not provided in 
the guidelines, were as described (12,13).

A fosmid library was constructed by cloning sheared 
genomic DNA from S. aureus isolate 08 BA 02176 into 
the pCC2FOS vector. The fosmid clones were screened by 
PCR to identify specifi c genes orfX, mecA, and the chro-
mosomal region located downstream of SCCmec. Fosmid 
clone 1G1 was identifi ed and contained the entire SCCmec 
region of the 08 BA 02176 isolate. Colonies were prepared 
by using the CopyControl Fosmid Library Production Kit 
(Epicenter Biotechnologies, Madison, WI, USA) according 
to the manufacturer’s instructions. Fosmid DNA was col-
umn purifi ed by using a QIAGEN Plasmid Mini Kit (QIA-
GEN, Valencia, CA, USA).

DNA sequencing was performed on the ABI3730xl 
genetic analyzer (Applied Biosystems, Foster City, CA, 
USA). Staden (Pregap4) software was used to prepare trace 

data for sequence assembly (14). Sequencing reads were 
assembled by using the Staden Gap4 program. Gap closure 
was achieved by primer walking and long-range PCR. Spe-
cifi c primers were designed near the ends of neighboring 
contigs (contiguous sequence of DNA created by overlap-
ping sequenced fragments of a chromosome), and PCRs 
were performed with chromosomal template DNA. Re-
gions containing putative frameshifts and point mutations 
were resequenced to verify the fi delity of the sequence.

Annotation and data mining of the S. aureus 08 BA 
02176 1G1 fosmid clone sequence were performed by us-
ing the GenDB version 2.2 annotation tool (15). Putative 
protein coding sequences were determined according to 
coding sequence predictions of Glimmer, which is inte-
grated into the GenDB package. Similarity searches were 
performed by using BLASTN and BLAST2P (www.ncbi.
nlm.nih.gov/blast/Blast.cgi) against the nonredundant nu-
cleotide and protein databases, respectively. Additionally, 
a BLAST2P search was performed against the databases 
nr (ftp://ftp.ncbi.nlm.nih.gov/blast/db/), SWISS-PROT 
(www.expasy.ch/sprot/), and KEGG-Genes (ftp://ftp.ge-
nome.jp/pub/kegg/genes/); the protein family databases 
Pfam (http://pfam.sanger.ac.uk/) and TIGRFAM (www.
jcvi.org/cms/research/projects/tigrfams/overview/); and 
predictive signal peptide (Signal P [www.cbs.dtu.dk/
services/SignalP/]) and transmembrane helix analysis 
(TMHMM [www.cbs.dtu.dk/services/TMHMM/]), the 
nonredundant database on protein level. An automatic 
functional annotation was followed by a manual annota-
tion of each predicted gene.

Results

LA-MRSA Characterization
A total of 3,687 MRSA isolates were examined; 5 con-

tained ST398-associated spa types (4 t034 and 1 t1250). 
The additional isolate submitted to NML by Sunnybrook 
Health Sciences Centre in Ontario, isolate T40929, also 
contained a t034 spa type. Further molecular character-
ization of these 6 isolates determined that they were all 
ST398, SCCmecV, and negative for the Panton-Valentine 
leukocidin–encoding genes (Table 1). Of the 6 isolates, 5 
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Table 1. Characteristics of methicillin-resistant Staphylococcus aureus sequence type 398 novel staphylococcal cassette chromosome 
mecV subtype isolates, Canada* 
Isolate Collection date Patient age, y/sex Region and province  Specimen collection site spa type 
07 BA 06477 2007 Feb 27 26/F Saskatoon, SK Nasal screen t034
08 BA 02176 2008 Jan 15 71/F Sunrise, SK Leg swab t034
08 BA 08100 2008 Mar 4 51/M Five Hills, SK Left shin open abrasion t1250 
08 BA 13895 2008 Apr 25 79/M Kelsey Trail, SK Left hip swab T034 
08 BA 22334 2008 Jul 9 70/M Prince Albert Parkland, SK Right leg swab T034 
T40929 2007 Dec 11 59/M Durham, ON Nasal and tracheostomy 

screen
T034 

*All isolates were Panton-Valentine leukocidin negative. SK, Saskatchewan; ON, Ontario. 



Livestock-associated MRSA ST398 in Humans

were resistant to tetracycline, but all were susceptible to the 
other 12 antimicrobial drugs tested (Table 2).

From the surveillance in Manitoba and Saskatchewan, 
patient information was limited and showed no geographic 
links (all 5 persons resided in different health regions but 
were all within the southeastern portion of Saskatchewan) 
(Figure 1). Of the 5 isolates, 4 were obtained from infected 
persons (average age 67.8 years, range 51–79 years) (Table 
1). The earliest identifi ed LA-MRSA isolate (08 BA 2176) 
associated with an infection was obtained from a postopera-
tive surgical site. Further follow-up was not possible because 
of the patient’s health problems. This patient is unlikely to 
have had any recent direct contact with livestock because 
she had been confi ned to her home with limited mobility 
for several years before her hospitalization. Additional na-
sal swabs from this patient remained positive for this strain 
for at least 7 months. Additional clinical and epidemiologic 
information for the remaining 3 patients with skin and soft 
tissue or wound infections were limited (Table 1).

The isolate submitted to the NML by Sunnybrook 
Health Sciences Centre, outside the surveillance program, 
was from a 59-year-old man from Ontario. He had been 
hospitalized in December 2007 for treatment of metastatic 
squamous cell carcinoma of the larynx. In the previous 
year, he had undergone a total laryngectomy, neck node 
dissection, and tracheostomy. A MRSA isolate was recov-
ered from screening specimens from his nose and the tra-
cheostomy site that had no indication of infection. He was 
unaware of any animal contact and had no history of expo-
sure to pigs or pig farms. A review of the medical records 
and standard epidemiologic investigations determined that 
this was not a nosocomial or healthcare-associated isolate.

The 6 LA-MRSA isolates were nontypeable by PFGE 
using SmaI. However, PFGE using the neoschizomer Cfr91 
showed that the 6 LA-MRSA isolates were closely related 
(Figure 2, panel A). Control MRSA strains digested indi-

vidually with either Cfr91 or SmaI showed no differences 
in fi ngerprint banding patterns when the 2 enzymes were 
compared (data not shown), which enabled comparisons 
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Table 2. Antimicrobial drug susceptibility of the clinical isolates of methicillin-resistant Staphylococcus aureus sequence type 398, 
Canada, 2008*  

Drug 
Susceptibility, g/mL 

07 BA 06477 08 BA 02176 08 BA 08100 08 BA 13895 08 BA 22334 T40929 
Clindamycin <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 
Vancomycin 0.5 0.5 0.5 0.5 0.5 0.5 
Erythromycin 0.5 0.5 0.5 0.5 0.5 0.5 
SXT <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 
Synercid 0.5 1 <0.25 <0.25 <0.25 <0.25 
Nitrofurantoin <32 <32 <32 <32 <32 <32 
Tetracycline >16 >16 >16 ≤2 >16 >16 
Ciprofloxacin 0.5 0.25 0.5 0.25 0.5 0.5 
Rifampin <0.25 <0.25 <0.25 <0.25 <0.25 <0.25 
Fusidic acid 0.25 0.12 0.25 0.12 0.12 0.12 
Linezolid 2 2 2 1 0.5 0.5 
Gentamicin 1 1 1 1 ≤0.5 1 
Mupirocin 0.5 0.25 <0.12 <0.12 0.25 <0.12 
*SXT, sulfamethoxazole/trimethoprim. 
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Figure 1. Geographic distribution of 5 livestock-associated 
methicillin-resistant Staphylococcus aureus isolates (stars) from 
humans, Saskatchewan, January 2007–October 2008.
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of the PFGE patterns obtained for the LA-MRSA isolates 
with those of other epidemic MRSA strains from hospi-
tals and communities in Canada. No close relatedness was 
found (>7 bands difference; <80% similarity) between the 
LA-MRSA isolates and any other epidemic MRSA strain 
circulating in Canada (Figure 2, panel B).

SCCmec Characterization
DNA sequencing of the entire SCCmec element from 

isolate 08 BA 02176 showed a 32,369-bp element integrat-
ed at the 3′ end of orfX containing 30 putative open reading 
frames (ORFs) (Figure 3; Table 3). This element carried a 
class C2 mec complex, which putatively contained a non-

590 Emerging Infectious Diseases • www.cdc.gov/eid • Vol. 16, No. 4, April 2010

Figure 2. A) Pulsed-fi eld gel electrophoresis (PFGE) of Cfr91-digested livestock-associated methicillin-resistant Staphylococcus aureus 
(MRSA). Lanes 1, 6, and 9, universal standard Salmonella Braenderup H9812; Lane 2, 08 BA 02176; Lane 3, 08 BA 13895; Lane 4, 07 
BA 06477; Lane 5, T40929; Lane 7, 08 BA 08100; Lane 8, 07 BA 22334. B) PFGE dendrogram comparing the Cfr91 fi ngerprint patterns 
of 6 livestock-associated MRSA isolates from humans in Canada with the SmaI fi ngerprints of other human epidemic strains of MRSA 
circulating in Canada.

orfX

4,000 8,000 12,000 16,000 20,000 24,000 28,000 32,000

Class C2 mec ccrC2

1 2 1183 7 109654

CRISPR system

GATCGATAACTACCCCGAATAACAGGGGACGAGAAT TCTATAAGTTCATTAATTCCGATACCTAGATTATCT
GATCGATAACTACCCCGAATAACAGGGGACGAGAAT TTTTTTCCACCCTTTCAGATCATCTATGATCTTG
GATCGATAACTACCCCGAATAACAGGGGACGAGAAT AATTTTCTAATTCTATAAGTTCATTAATTCCGAT
GATCGATAACTACCCCGAATAACAGGGGACGAGAAT TATACTATTTACATAATTTTTTATGTGTCTGTCTAC
GATCGATAACTACCCCGAATAACAGGGGACGAGAAT TAATAGTGTTGTTCTCTATTAAAAGATACAATCCTGT
GATCGATAACTACCCCGAATAACAGGGGACGAGAAT TAGAATGTTATTATCTAAGTGGTCGATGTATTCC
GATCGATAACTACCCCGAATAACAGGGGACGAGAAT TCATACTAGCACCCCACTCTCTACTGAACAAGTATCA
GATCGATAACTACCCCGAATAACAGGGGACGAGAAT CTTAAAATCTAATTGCATTGTTATCAATTCCTTTA
GATCGATAACTACCCCGAATAACAGGGGACGAGAAT TCTGTAATGTATTCATTTAATGTAATCATAATTTTTTC
GATCGATAACTACCCCGAATAACAGGGGACGAGAAT TAGACCATTTACCTCATTATATTTATAGTCTTTATTA
GATCGATAACTACCCCGAATAACAGGGGACGAGAAT TTTTCTTTAACTGTTTTTACTGCCCATTTAATAGT
GATCGATAACTACCCCGAATAACAGGGGACGAGAAT ATATTTCTTCCATGAATAACACCCTCCTTTTTTCTA
GATCGATAACTACCCCGAATAACAGGGGACGAGAAT AAGTTAACGGCATTACCTAATAAAAATATTTTAGG
GATCGATAACTACCCCGAATAACAGGGGACGAGAAC TCATCTTTCATGTCACTGATTAATTCATTTGTA
GATCGATAACTACCCCGAATAACAGGGGACGAGAAC GGTAATAGTTGCTCAATAGGTAATAAAACGTCGGT
GATCGATAACTATCCCGAATAACAGGGGACAGAGTG

Direct repeat consensus Spacers

J3 J2 J1

Figure 3. Schematic of the novel staphylococcal cassette chromosome (SCC) mecV subtype and DNA sequence of the clustered regularly 
interspaced short palindromic repeat (CRISPR) array identifi ed in Staphylococcus aureus isolate 08 BA 02176. Red and green arrows 
represent mec and ccr complexes, respectively. Blue arrows represent 3 open reading frames (ORFs) in the J3 region sharing sequence 
identity with chromosomal genes of S. epidermidis RP62A. Orange boxes indicate confi rmed and questionable CRISPRs. Black arrows 
represent CRISPR-associated genes. Location of primer sets used for coverage of this SCCmec element are numbered 1–11 (Table 4) 
and illustrated as solid lines. Shown below the schematic is the DNA sequence of the confi rmed 1,107-bp CRISPR array in the J1 region, 
which provides the 36-bp direct repeat consensus (boldface) and the variable 15 spacer sequences.
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functional IS431 transposase and a type 5 ccr gene com-
plex (ccrC2). Other than mecA, no additional antimicrobial 
drug resistance genes were identifi ed within this element.

The fi rst unique feature of this SCCmecV element 
included 3 ORFs in the J3 region sharing high sequence 
identity with ORFs from S. epidermidis RP62A (Gen-
Bank accession no. CP000029), which included an ADP-
ribosylglycohydrolase, a permease for cytosine/purines, 
and a ribokinase (Table 3). A second unique feature was 
a CRISPR array, identifi ed by using CRISPRFinder (16), 
in the J1 region, which appears to have replaced the type 1 
restriction modifi cation system (hsdR, hsdS, hsdM) through 
recombination. The CRISPR array (1,107 bp) contained a 
36-bp direct repeat consensus and 15 spacers of variable 
sequence and length (33–38 bp) (Figure 3). Downstream 
of this CRISPR array was a combination of putative CRIS-

PR-associated (cas) genes, sharing sequence identity with 
those previously identifi ed in S. epidermidis RP62A. This 
array was followed by a second questionable CRISPR ar-
ray (183 bp) containing a 38-bp direct repeat consensus and 
2 spacers of variable sequence (Figure 3; Table 3).

Design of primers spanning the entire SCCmec ele-
ment was based on the DNA sequence obtained from 08 
BA 02176 (Figure 3; Table 4). PCR of these select regions 
produced amplicons of expected size for 3 additional LA-
MRSA isolates (07 BA 06477, 08 BA 13895, 08 BA 22334) 
but were negative for some of the J1 and J3 regions in 08 
BA 08100 and T40929 (Table 4).

Discussion
The high prevalence of LA-MRSA colonization of 

pigs and pig farmers in Canada (2) and the United States 
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Table 3. Open reading frames of the novel staphylococcal cassette chromosome mecV subtype in methicillin-resistant Staphylococcus
aureus  isolate 08 BA 02176, from woman in Canada, 2008* 

ORF Location, bp† 
Predicted 

gene size, bp Gene‡ Product description 
Amino acid 
identity, %§ 

GenBank 
accession no. 

Sk01 1–480 480 orfX Conserved hypothetical protein 100 gb|ACC96139.1| 
Sk02 609–1595 987 None ADP-ribosylglycohydrolase 99 gb|AAW53059.1| 
Sk03 1614–2948 1335 None Permease for cytosine/purines; uracil; 

thiamine; allantoin 
98 gb|AAW53058.1| 

Sk04 2999–3883 885 None Ribokinase 98 gb|AAW53057.1| 
Sk05 (4013–4687) 675 tnp Transposase for IS431 100 dbj|BAD24823.1| 
Sk06 4945–5112 168 None HMG-CoA synthase truncation 100 ref|YP_184940.1| 
Sk07 6029–6772 744 ugpQ Glycerophosphoryl diester 

phosphodiesterase 
100 ref|NP_370563.1| 

Sk08 6869–7297 429 maoC Hypothetical protein 100 ref|YP_184943.1| 
Sk09 (7343–9349) 2007 mecA Penicillin-binding protein 2′ 100 dbj|BAG06200.1| 
Sk10 9449–9559 Unknown ψmecR1 Truncated signal transducer protein MecR1 100 ref|YP_252007.1| 
Sk11 9597–9740 144 ψtnp Partial transposase for insertion sequence–

like element IS431mec 
100 dbj|BAH57698.1| 

Sk12 (10331–10759) 429 None Hypothetical protein 100 dbj|BAD24829.1| 
Sk13 10840–11769 930 None Hypothetical protein 100 gb|ACL99839.1| 
Sk14 11931–13919 1989 None Hypothetical protein 100 gb|ACL99840.1| 
Sk15 14114–15223 1110 None Hypothetical protein 100 gb|ACL99841.1| 
Sk16 15584–17200 1617 None Hypothetical protein 100 gb|ACL99843.1| 
Sk17 17425–19104 1680 ccrC Cassette chromosome recombinase C 100 gb|ACL99844.1| 
Sk18 19193–19531 339 None Hypothetical protein 100 gb|ACL99845.1| 
Sk19 19625–19936 312 None Hypothetical protein 100 gb|ACL99846.1| 
Sk20 19951–20454 504 None Hypothetical protein 100 gb|ACL99847.1| 
Sk21 20469–20690 222 None Hypothetical protein 100 gb|ACL99848.1| 
Sk22 (20853–21256) 403 ψhsdR Truncated hsdR 92 dbj|BAG71456.1| 
Sk23 22888–23793 906 cas1 CRISPR–associated Cas1 family protein 91 gb|AAW53332.1| 
Sk24 23793–24098 306 cas2 CRISPR-associated protein Cas2 87 gb|AAW53331.1| 
Sk25 24112–26385 2274 csm1 CRISPR-associated protein; Csm1 family 92 gb|AAW53330.1| 
Sk26 26388–26813 426 csm2 CRISPR-system related protein 94 gb|AAW53329.1| 
Sk27 26815–27459 645 csm3 CRISPR-associated RAMP protein 96 gb|AAW53328.1| 
Sk28 27530–28378 849 csm4 CRISPR-associated RAMP protein 91 gb|AAW53327.1| 
Sk29 28381–29403 1023 csm5 CRISPR-associated Csm5 family protein 92 gb|AAW53326.1| 
Sk30 29403–30671 1269 csm6 CRISPR-associated protein (Cas_Csm6) 73 gb|AAW53325.1| 
Sk31 30668–31402 735 cas6 CRISPR-associated protein C 86 gb|AAW53324.1| 
*ORF, open reading frame; CRISPR, clustered regularly interspaced short palindromic repeats. 
†Parentheses indicate complement sequences. 
‡None indicates no name given. 
§Comparisons of translated query versus protein databases was determined by using BLASTX 2.2.21 (www.ncbi.nlm.nih.gov/blast/Blast.cgi). 
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(3) and this report of human infections suggest that this 
LA-MRSA strain from Canada poses potential public and 
occupational health concern in North America. This strain 
has been associated with various types of infections in pigs 
(17,18) and humans (19,20) and is transmissible from ani-
mal patients to veterinary workers (21), healthcare workers 
(22), and family members (1). Evidence also suggests that 
this strain might be spreading from animals to the environ-
ment, which may facilitate the colonization or infection of 
persons who are not involved in animal husbandry (23). 
Whereas in 2006 in the Netherlands LA-MRSA account-
ed for >20% of all MRSA isolated (24), carriage of this 
strain in the general population of 2 provinces in Canada 
(Manitoba and Saskatchewan) appears rare (0.14%). This 
difference could be attributed to the substantially higher 
density of pigs in the Netherlands (1,244 pigs/km2) than 
in Manitoba (55 pigs/km2), Saskatchewan (6 pigs/km2), 
and Ontario (91 pigs/km2) (www.agriculture.gov.sk.ca/
Pig_Densities). It is also plausible that the much lower 
proportions of LA-MRSA in Canada, relative to a coun-
try with low MRSA endemicity such as the Netherlands, 
is attributable to competition with other highly success-
ful human epidemic MRSA clones circulating in Canada, 
including CMRSA2 (USA200/800), CMRSA7 (USA400), 
and CMRSA10 (USA300) (25,26).

The tested LA-MRSA isolates were highly susceptible 
to most classes of antimicrobial drugs, except β-lactams 
and tetracyclines, the latter of which has been attributed 

to its high usage in animal husbandry (27). The complete 
sequence of the SCCmec region showed a novel SCC-
mecV subtype sharing sequence identity in its J1 and J3 
regions with chromosomal genes in the S. epidermidis 
RP62A chromosome (GenBank accession no. CP000029), 
including a CRISPR system. CRISPRs and associated cas 
genes are present in many other bacterial (≈40%) and ar-
chaeal (≈90%) genomes (28,29) and have been shown to 
be involved in sequence-directed immunity against phages 
(30,31) and plasmids (32). The resistance to plasmids and 
phages encoded by this system could explain why many of 
these ST398-MRSA-V strains contain fewer antimicrobial 
drug resistance genes and phage-encoded virulence factors 
than do other epidemic MRSA strains (33,34). The origin 
of this CRISPR system is unknown, but the propagation of 
CRISPR loci throughout prokaryote genomes has been pro-
posed to occur through horizontal gene transfer by conju-
gation of megaplasmids >40 kb (35). Because the CRISPR 
system identifi ed in this study is encoded within a puta-
tive mobile genetic element, we propose that an additional 
mechanism of mobilization to other methicillin-susceptible 
Staphylococcus spp. is plausible.

This novel subtype of SCCmecV was found in only 
4 of the 6 LA-MRSA isolates identifi ed in this study. One 
isolate not containing this novel SCCmec subtype (08 BA 
08100) could also be distinguished by a different but closely 
related spa type (t1250) (Table 1) and variant PFGE fi nger-
print (Figure 2) when compared with the other LA-MRSA 
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Table 4. Primers used for coverage of the novel SCCmecV subtype in methicillin-resistant Staphylococcus aureus isolates, Canada, 
2007–2008* 

Primer 
set 

Primer 
name Primer  5′  3′ 

Expected 
amplicon 
size, bp 

Reference 
position 

SCCmecV found in isolate 
08 BA 
02176

T 
49209

07 BA 
06477 

08 BA 
13895 

08 BA 
08100

08 BA 
22334

1 OrfX 
Adpr1 

CATTTAAGATTATGCGTGGAG 
CATCTGTAAACTGTCCTTTGG 

347 443–789 + – + + – + 

2 RibB2 
MecaA1 

TTGTATATGGGGAAACGAAG 
TGCCAAAATCTCAGGTAAAG 

3623 3793–7415 + – + + – + 

3 MecB1 
HypA1 

CTTCACCATTATCGCTTTTAG 
ACCATTTTTCCCTGGATTAC 

1842 9172–11013 + + + + + + 

4 Hyp3A1 
Hyp1B1 

CTTCCACGTATTGGTCTAGC 
AAGTGAACGCGAAAGATATAG 

2671 11636–14306 + + + + + + 

5 Hyp3B1 
CcrCA2 

GCTAGACCAATACGTGGAAG 
TTTTACCTGAAATGCCTGAG 

3301 14287–17587 + + + + + + 

6 CcrCB1 
Hyp6A1 

ATGAAATGGATAGCGAAATG 
TTGAGTAAGTAGCGGTGTTG 

1330 18695–20024 + + + + + + 

7 Hyp6B1 
Crspr1A1 

TGAGCAAGTGATGGAAATG 
CTTTGAATCCTTTGAAGACG 

2835 20331–23165 + – + + – + 

8 Crspr1B1 
Crspr3A1 

AAAAAGTGGTGAGGTTACTTG 
CTCGTCTATCAATACCACTCG 

711 23675–24385 + – + + – + 

9 Crspr3B1 
Crspr7A1 

AACAGATGAACACGGAAAAG 
TTGGTGGGTATCTCAAAAAG 

2417 26166–28582 + – + + – + 

10 Crspr7B1 
Hyp11A1 

GCCTTCTAACGTACCAGTTG 
TTGCTTCAATGGACTATAAGC 

1511 29289–30820 + – + + – + 

11 Hyp11B1 
Hyp12A1 

TTAGGCATGGGGAAATATAG 
GTCGCAATGTTTTGAAGTG 

1622 31373– + – + + – + 

*SCCmec, staphylococcal cassette chromosome mecV subtype; +, positive; –, negative. Testing by PCR. 
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isolates, which suggests that at least 2 epidemiologically 
different strains of LA-MRSA circulate in Saskatchewan. 
The other LA-MRSA isolate that did not contain this novel 
SCCmec element was obtained in Ontario. However, this 
isolate was the same spa type (t034) and was closely relat-
ed, according to PFGE, to the LA-MRSA isolates identifi ed 
in Saskatchewan. Therefore, in addition to PFGE and spa 
typing, SCCmec subtyping could provide a useful epide-
miologic tool for surveillance, outbreak investigations, or 
traceability studies of this emerging strain. For detection 
of this SCCmecV subtype (tentatively designated V.2.1.2; 
Vb), we propose using primer set 1 (spanning orfX into 
Sk02 in the J3 region) and primer set 7 (spanning Sk20 into 
cas1 in the J1 region) (Table 4).

Visual comparison of PFGE fi ngerprints from this 
study with those reported from patients from the Domini-
can Republic and the United States (northern Manhattan, 
New York, NY) (36), showed substantial variations in fi n-
gerprint patterns, as well as related but different spa types. 
These variations suggest further molecular and geographic 
diversity of these LA-MRSA strains on a global scale.

Because cases of LA-MRSA infections have only re-
cently been identifi ed in Canada, additional surveillance 
efforts are required to monitor the emergence and clinical 
relevance of this MRSA strain in Canada, including com-
munities, the environment, livestock, farmers, and produc-
tion facility workers. Whether these strains pose a major 
threat to human health in light of the low livestock density 
and continued spread of epidemic hospital and community 
strains of MRSA in Canada remains unknown.
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To determine if fatal infections caused by different high-
ly virulent infl uenza A viruses share the same pathogenesis, 
we compared 2 different infl uenza A virus subtypes, H1N1 
and H5N1. The subtypes, which had shown no pathoge-
nicity in laboratory mice, were forced to evolve by serial 
passaging. Although both adapted viruses evoked diffuse 
alveolar damage and showed a similar 50% mouse lethal 
dose and the same peak lung concentration, each had a 
distinct pathologic signature and caused a different course 
of acute respiratory distress syndrome. In the absence of 
any virus labeling, a histologist could readily distinguish in-
fections caused by these 2 viruses. The different histologic 
features described in this study here refute the hypothesis 
of a single, universal cytokine storm underlying all fatal infl u-
enza diseases. Research is thus crucially needed to identify 
sets of virulence markers and to examine whether treatment 
should be tailored to the infl uenza virus pathotype.

According to the World Health Organization, infl uenza 
annually infects 5%–15% of the global population, 

causing 3–5 million cases of severe illness and ≈500,000 
reported deaths. The persistence of infl uenza A virus 
(H5N1) in poultry populations over the past 6 years and 
the ability of those viruses to cause fatal infections in hu-
mans, along with the recent pandemic (H1N1) 2009 out-
breaks, have raised fears of a renewed catastrophic infl u-
enza outbreak comparable to that of 1918, which caused 
death in 0.2%–8% of those infected in various countries 

and ≈50 million deaths worldwide (1). Standard infl uenza 
symptoms include fever, cough, headache, sore throat, and 
dehydration, with some reports of diarrhea, vomiting, and 
bleeding from the mouth or throat. In benign cases, not 
all of these symptoms are exhibited. In severe cases, ad-
ditional signs typical of either secondary bacterial pneumo-
nia or acute respiratory distress syndrome (ARDS) occur. 
Notably, these 2 manifestations are those that cause death 
in patients with infl uenza, whether seasonal or pandemic 
or caused by the 1918 subtype H1N1 strain or by recent 
subtype H5N1 strains. 

The catastrophic lethality of the 1918 pandemic makes 
it paramount that we understand the disease pathogenesis 
of both severe forms of infl uenza. Because most secondary 
bacterial pneumonias can be controlled with antimicrobial 
agents, prevention and treatment of infl uenza-associated 
ARDS are the major medical challenges that must be ad-
dressed to reduce the infl uenza-related death rate. This re-
quires more knowledge about the pathogenesis of ARDS. 
Alterations in human and mouse lungs have been described 
for fatal virus infections with pandemic virus strains (sub-
types H1N1, H2N2, and H3N2 strains of 1918, 1957, and 
1968, respectively) or subtype H5N1 strains. They are all 
characterized by similar lung dysfunctions and lesions 
(2,3). The lung becomes fl ooded as its alveolocapillary 
membranes leak, and the alveoli fi ll with body fl uids. Con-
sequently, the exchange of carbon dioxide and oxygen is 
reduced, and fatal acute lung failure ensues. The histologic 
fi ndings depend on the stage of the disease. Edema, epi-
thelial necrosis, fi brin, and hyaline membranes are found 
during the early exudative phase, and fi broblast and type 
II cell hyperplasia are found during the proliferative phase. 
This array of morphologic alterations is known as diffuse 
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alveolar damage. Moreover, mice infected with the 1918 
infl uenza virus or with a recent subtype H5N1 human iso-
late also show considerable similarities in overall lung cel-
lularity, composition of lung immune cell subpopulation, 
and cellular immune temporal dynamics (4). On the basis 
of these mostly retrospective studies, the pathogenesis of 
infl uenza-associated ARDS is widely viewed as being the 
same whatever the infecting strain.

In this study, we closely monitored ARDS in mice, 
caused by inoculation of identical doses of 2 different in-
fl uenza strains rendered highly pathogenic toward mice by 
adaptation. The 2 strains elicited dramatically different dis-
ease courses and histopathologic signatures, although both 
strains caused death in 100% of those infected, evoked the 
expected diffuse alveolar damage, and led to comparable 
virus titers in the lungs. The pathogenesis underlying infl u-
enza-associated fatal ARDS thus depended on the infecting 
strain.

Materials and Methods

Animals
Eight-week-old female FVB/J mice weighing 20–25 g 

were obtained from Charles River Laboratories (L’Arbresle, 
France). Challenge studies were conducted under BioSafe-
ty Level 3 laboratory conditions and in facilities accredited 
by the Belgian Council for Laboratory Animal Science, 
under the guidance of the Institutional Animal Care and 
Use Committees of the Veterinary Agrochemical Research 
Center and University of Liège. The mice were housed in 
microisolator cages ventilated under negative pressure with 
HEPA-fi ltered air. The light/dark cycle was 12/12 h, and 
the animals were allowed free access to food and water. Be-
fore each inoculation or euthanasia procedure, the animals 
were anesthetized by intraperitoneal injection of a mixture 
of ketamine (50 mg/kg) and xylazine (30 mg/kg).

Viruses
Two infl uenza A virus strain subtypes that had low 

pathogenicity for laboratory mice were used in this study: 
a clade 1 avian infl uenza virus (H5N1) (A/crested_eagle/
Belgium/1/2004), and a porcine infl uenza virus (H1N1) 
(A/swine/Iowa/4/76). Both viruses were fi rst propagated in 
the allantoic cavity of 10-day-old embryonating hen eggs 
and then adapted to the mice by lung-to-lung passaging. 
At each passage, a set of mice were inoculated intranasally 
with 50 μL of either allantoic fl uid or lung homogenate 
containing infl uenza A virus. At 5 days postinoculation 
(dpi), the mice were killed humanely by an overdose of 
pentobarbital, followed by exsanguination. The lungs were 
combined and homogenized in phosphate-buffered saline 
(PBS)–penicillin-streptomycin, the homogenates were 
centrifuged at 3,000 g for 10 min, and the supernatant was 

used for the next passage. The process was stopped when 
the mice showed a substantial loss of bodyweight on 4 dpi. 
This occurred after 5 (H5N1) or 31 (H1N1) passages. Lung 
homogenates from the last passage were homogenized and 
divided into aliquots for direct use in pathotyping studies, 
and their titers were determined by standard plaque (sub-
type H1N1) or median tissue culture infective dose assays 
(H5N1). Serial dilutions of each adapted virus stock were 
then injected into FVB/J mice, and the 50% mouse lethal 
dose (MLD50) was calculated according to the method of 
Reed and Muench (5).

Pathotyping Studies
For assessment of virus-induced pathogenicity, 2 se-

ries of mice were inoculated intranasally with 10 MLD50 of 
virus by instillation of 50 μL of diluted stock. Mice were 
monitored daily for changes in bodyweight to assess virus-
induced illness. At selected intervals, 5 (virus titration or 
histopathology) or 10 (virus titration + dry/wet weight ra-
tio) mice were given an overdose of sodium pentobarbital 
and exsanguinated by cutting the brachial artery. Lungs 
and pieces of heart, liver, spleen, pancreas, kidney, brain, 
and adipose tissue from 5 mice were fi xed in 4% neutral-
buffered, ice-cold paraformaldehyde, routinely processed, 
and embedded in paraffi n for histopathologic evaluation. 
Five-micrometer sections were stained with hematoxylin 
and eosin (HE) or periodic acid–Schiff (PAS) for lesion 
detection. For virus detection, sections were stained by a 
streptavidin-biotin complex immunoperoxidase method. 
An in-house immunoglobulin (Ig) G–purifi ed polyclonal 
rabbit antiserum raised against recombinant infl uenza vi-
rus nucleoprotein was used as the source of primary an-
tibodies, and horseradish peroxidase (HRP)–conjugated 
anti–rabbit IgGs (Dako, Glostrup, Denmark) were used 
as secondary antibodies. Peroxidase was indicated by the 
bright red precipitate produced in the presence of 3-amino-
9-ethyl-carbazole, and sections were counterstained with 
Mayer hematoxylin. For virus titrations, lungs from 5 mice 
were weighed, homogenized in 1 mL PBS, and clarifi ed. 
The supernatants were used for virus titration by plaque 
or median tissue culture infectious dose assays. Because 
the appearance of a biphasic expiratory pattern has been 
shown to announce death within ≈24 h (6), this qualitative 
sign was chosen, for humane reasons, as the endpoint of the 
experimental disease. On this endpoint day, lungs from 5 
mice were sampled and weighed, and homogenates thereof 
were desiccated for dry weight determination.

Results

Clinical, Gross Pathologic, and Virologic Observations
The infl uenza A virus strains (subtypes H1N1 and 

H5N1) used in this study were isolated, respectively, from 
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a diseased pig in the United States in 1976 and from a crest-
ed eagle smuggled from Thailand in 2003 (7). Both were 
nonpathogenic for FVB/J mice (MLD50 >106 PFU/50% 
tissue culture infective dose [TCID50]). After adaptation, 
the strains showed a similar pathogenic outcome in FVB/J 
mice, i.e., close MLD50 values: 3.2 PFUs for the subtype 
H1N1 strain and 6.4 TCID50 for the subtype H5N1 strain. 
These results allowed a relevant comparison of their respec-
tive pathologic signatures. Overall, virus-associated illness, 
bodyweight loss, and gross lesions caused by inoculation of 
10 MLD50 were similar for both viruses, except that body 
condition and respiratory function deteriorated far more 
rapidly after subtype H5N1 inoculation, the endpoint being 
reached on 4 dpi for subtype H5N1–induced disease and 
8 dpi for subtype H1N1–induced disease. The pathologic 
processes caused no symptoms for the fi rst 2 (H5N1) or 
3 (H1N1) days and then gave rise to general signs such as 
gradually slower, less frequent, and more erratic sponta-
neous displacements and a ruffl ed coat. By 3 dpi (H5N1) 
or 5 dpi (H1N1), all mice became lethargic and abruptly 
showed clinical signs of respiratory disease, including re-
spiratory distress, labored breathing, and forced expiration. 
Mice inoculated with subtype H5N1 lost 10% of their body-
weight during the last 48 hours before the endpoint day. In 
mice that were inoculated with subtype H1N1, weight loss 
was acute and biphasic: a 10% loss occurred between virus 
inoculation and the appearance of respiratory symptoms, 
and an additional 20% was lost during ARDS (Figure 1). 
Autopsies performed on the endpoint day of subtype H1N1 
disease consistently showed dark, purplish, bulky, noncrep-
itant, liverlike lungs, fi ndings compatible with a diagnosis 
of massive pulmonary congestion and consolidation. In 
subtype H5N1–inoculated mice, the lungs at endpoint were 

bulky, noncrepitant, and diffusely pinkish gray, which sug-
gests a diagnosis of congestion with massive pulmonary 
edema. Mice inoculated with either virus had a lung wet 
weight at endpoint approximately double that of controls, 
but this weight gain was achieved during the last ≈24 hours 
in mice inoculated with subtype H5N1, whereas mice in-
oculated with subtype H1N1 showed a progressive lung 
weight increase over 96 hours, from 4 dpi to the endpoint 
day (Figure 2). At the endpoint, the dry/wet weight ratio 
of the lungs was ≈22% lower for subtype H5N1-infected 
mice (17.6% ± 1.1%) than for subtype H1N1-infected mice 
(21.4% ± 1.4%). No obvious gross lesions were observed 
in the heart, liver, spleen, kidney, brain, or perivisceral fat. 
The lung virus loads measured on 2, 4, 6, and 8 dpi are 
shown in Figure 3. The time required to reach the peak vi-
rus titer was the same for both virus strains. Death occurred 
at the peak lung virus concentration for subtype H5N1, but 
subtype H1N1–associated disease did not become fatal un-
til 4 days after this peak, when virus clearance was already 
substantial (Figure 3).

Histopathologic Observations
An exhaustive list of the histopathologic lesions 

caused by the 2 viruses is given in the online Appendix 
Table (www.cdc.gov/EID/content/16/4/595-appT.htm). 
Some changes in lung morphology were identical for both 
viruses. First, a clear topographic extension of the lesions 
was perceptible between the fi rst and the last day of infec-
tion, with centrifugal spreading from the terminal bronchi-
oles or the alveoli adjacent to the airways. Qualitatively, 
all alterations characterizing the exudative phase of the 
histopathologic condition termed diffuse alveolar damage 
were identifi able, with intense congestion of the alveolar 
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Figure 1. Effect of infl uenza A virus subtype H5N1 (A) and H1N1 (B) strains on bodyweight gain or loss after intranasal inoculation of 10× 
the 50% mouse lethal dose on day 0. Relative values are given, as calculated with respect to preinoculation control values (mean ± SD). 
For each virus strain, means signifi cantly different from baseline are indicated (Student t test for paired values). *p<0.05; †p<0.01. 
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capillaries, marginated intracapillary neutrophils, necrosis 
of the alveolar epithelium, interstitial and alveolar edema, 
hyaline membranes, and invasion of the alveoli by (most-
ly) mononucleate cells. On the other hand, we did not ob-
serve cuboidalization of the alveoli (hyperplasia of type 
II pneumocytes) or hyperplasia or squamous metaplasia 
of the airway epithelia. These results indicate extremely 
rapid disease progression, nearly complete elimination of 
type II pneumocytes, or both. Despite these similarities, 
when sections of lung tissue samples taken on the last day 
from infected mice were pooled by subtype, an examiner 
unaware of which infection he was looking could easily 
distinguish one from the other (Figures 4, 5). The crite-
ria for attributing lung lesions to the subtype H1N1 strain 
were the following: 1) earlier and much more extensive 
degeneration, necrosis, and desquamation of the airway 
epithelium; 2) a much higher cell density of the peribron-
chial, peribronchiolar, interstitial, and intra-alveolar infi l-
trates; 3) the presence of dense cuffs of mononucleate cells 

around the arterioles; 4) far less extensive alveolar ede-
mas; and 5) the rarity of alveolar hemorrhages. The lesions 
caused by the subtype H5N1 strain were distinguishable 
by the late and mild regressive alterations of the airway ep-
ithelium, the extent of alveolar edema, the low cell density 
of the infl ammatory infi ltrates, the high number of alveolar 
hemorrhage foci, and the unusual appearance of the pul-
monary arterioles (which seemed to have been dissected 
from the surrounding tissues because of the magnitude of 
the perivascular edema). 

On the other hand, no arteriole showed any cuff of in-
fi ltrated mononucleate cells. Some blood-vessel walls also 
showed hemorrhage inside the muscle layer. No other or-
gan examined was found to carry any histopathologic le-
sions except, notably, the liver in subtype H5N1–infected 
mice (Figure 5). These livers displayed multifocal necrosis, 
with necrotic foci consisting of aggregates of hypereosino-
philic, pyknotic, and caryorhectic hepatocytes, admixed 
with a few neutrophils and lymphocytes. Such foci were 
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Figure 2. Effect of infl uenza A virus 
subtype H5N1 and H1N1 strains 
on lung weight after intranasal 
inoculation of 10× the 50% mouse 
lethal dose on day 0. Absolute 
values are given as means ± SD for 
5 mice at each time point. For each 
virus strain, means signifi cantly 
different from those of control (CTL) 
lungs are indicated (nonparametric 
Mann-Whitney test). *p<0.05; 
†p<0.01.

Figure 3. Effect of infl uenza A 
virus subtype strains H5N1 and 
H1N1 on lung virus titers 2–8 
days after intranasal inoculation of 
10× the 50% mouse lethal dose 
on day 0. Titers are expressed 
as the log10 median tissue culture 
infectious dose (TCID50) units 
per milliliter of lung homogenate. 
Signifi cantly different titers are 
indicated (nonparametric Mann-
Whitney test). Error bars indicate 
SD calculated from individual virus 
titers. *p <0.05.
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also seen in the spleen in some animals. Strikingly, numer-
ous PAS-positive islets were detected throughout the liv-
ers of subtype H5N1–infected animals, each overlapping 
with a necrotic focus. Patterns of centrolobular, hydropic, 
granular (2 dpi), centrolobular (3 dpi), and panlobular (4 
dpi) microvesicular fatty degeneration were also observed 
in the livers of all subtype H5N1-infected animals. Intersti-
tial hemorrhages were seen in the renal medulla.

Detection of Viruses in Tissues
The results of immunohistochemical tests were homo-

geneous for mice infected with the same strain. Overall, 
they showed that the subtype H1N1 strain swarmed cen-
trifugally from the bronchioles throughout the lungs over 
4–5 days, but remained strictly confi ned to the lungs. The 
subtype H5N1 virus, in contrast, conquered the whole lung 
over 24–48 hours; infected some bronchioles only later; 
and spread to the liver, pancreas, kidneys, spleen, brain, 
and perivisceral fat.

Topologic Distribution of Subtype H1N1 
Antigens over Time

The virus was fi rst detectable in the epithelium of the 
bronchi and bronchioles on 3 dpi. By 5 dpi, the stain was 
more conspicuous and appeared also in the alveolar epi-
thelium of the areas adjacent to the airways. By 7 dpi, the 
virus was detectable in the epithelia of almost all bronchi 
and bronchioles and in the alveolar epithelium in exten-

sive areas of the lungs. In the alveolar structures, staining 
showed the virus in type I and type II pneumocytes and 
in alveolar macrophages (Figure 6, panels A, C, and E). 
Nonrespiratory organs sampled on 3, 5, or 7 dpi remained 
strictly virus negative.

Topologic Distribution of Subtype H5N1 
Antigens over Time

The virus was detectable from 2 dpi in some type II 
pneumocytes in peribronchiolar alveoli, some interstitial/
alveolar macrophages, and some endothelial cells in the 
vicinity of the positive alveoli. In contrast, no nonrespira-
tory organ examined showed any virus-positive cells. By 
3 dpi, staining of the airway epithelium was still discrete 
and limited, whereas the alveolar epithelium showed more 
pronounced staining, diffusely distributed throughout the 
lung. In the liver, multiple nests of positive hepatocytes 
were detectable, corresponding exactly with the above-
mentioned necrotic PAS-positive foci. A few renal tubular 
epithelial cells were also positive. On 4 dpi, the alveolar 
epithelium was still diffusely stained, but more intensely 
than on 3 dpi. For the fi rst time, staining of the bronchiolar 
epithelium was also visible, but not all bronchioles—far 
from all, in fact—showed this staining. Type II pneumo-
cytes and alveolar macrophages were more often positive 
than type I pneumocytes (Figure 6, panels B, D, and F). 
The appearance of the kidneys and liver was the same as on 
3 dpi, with more conspicuous staining. Additionally, virus-
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Figure 4. Photomicrographs of the lung sections of infl uenza A virus (H1N1)– and (H5N1)–infected mice at endpoint (hematoxylin and 
eosin stain). Dramatically different histopathologic signatures are observed, with either a mostly cellular reaction (H1N1) or a mostly 
humoral reaction (H5N1). Panels A, D, and G: 3 views of vehicle-infected lungs (original magnifi cation ×100). Panels B and E, subtype 
H1N1: Dense granulocytic and lymphocytic cell infi ltrates in the interstitium and around vessels and airways with focally denuded lamina 
propria due to epithelial necrosis and desquamation (original magnifi cation ×100). Panel C, subtype H5N1: Airway epithelium is intact; 
note the striking difference in the number of infi ltrated infl ammatory cells between subtypes H1N1- and H5N1-infected lungs. Dramatic 
congestion of the vessels is visible, with extensive interstitial and alveolar edema (original magnifi cation ×100). Panel F, subtype H5N1: 
Alveoli are completely fi lled with edema and hemorrhages; cellular infi ltrates are conspicuously absent (original magnifi cation ×200). 
Panel H, subtype H1N1: An airway with a totally denuded lamina propria is shown (top, left), with its lumen fi lled with granulocytic and 
lymphocytic exsudate (original magnifi cation ×200). A prominent periarteriolar lymphocytic cuff is visible (bottom right). Panel I, subtype 
H5N1: Moderate infl ammatory cell infi ltrate, with no cuffi ng of any airway or vessel; an airway with a still intact epithelium is shown, located 
just beside a vessel with dramatic peripheral edema (original magnifi cation ×200). 
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positive glial cells, splenic macrophages, cardiomyocytes, 
islets of Langerhans cells, and peritoneal adipocytes were 
also detected (Figure 7).

Discussion
Two infl uenza A viruses of different subtypes, de-

rived from different species and showing no pathogenicity 
toward mice, were forced to evolve by serial passaging in 
mouse lungs. The 2 adapted viruses obtained showed prac-
tically identical virulence levels, with similar MLD50 val-
ues. On the basis of this criterion, they appear to be more 
virulent than most other viruses used to date in murine 
models (4,8–16). Their virulence is of the same order of 
magnitude as those of the A/Vietnam/1203/2004 (H5N1) 
and A/Vietnam/1204/2004 (H5N1) viruses, whose respec-
tive MLD50s are 0.7 and 2.1 PFUs (17). In both cases, in-
oculation of 10 MLD50 causes biphasic weight loss, cul-
minating in death with a loss of ≈10% (H5N1) or ≈25% 
(H1N1) bodyweight. Viral amplifi cation is maximal for 
both viruses on 4 dpi, roughly corresponding to the typical 
inoculation-to-peak lag of natural murine respiratory vi-
ruses (6,18). On the other hand, the 2 viruses adapted in the 
lungs showed replication kinetics that differed substantial-
ly from what is observed with natural viruses, with a quasi-
plateau from 2 to 5/6 dpi instead of the classical Gaussian 
profi le. Notably, this peculiar amplifi cation kinetics pro-
fi le has been described previously for mice infected with 
mouse-adapted forms of the A/Puerto Rico/8/34 (H1N1) 
virus (19), the A/South Carolina/1/18 (H1N1) virus (4), 
and several human subtype H5N1 strains showing high or 
low pathogenicity (4,14). These reports suggest that this 

profi le is typical of infl uenza virus amplifi cation by the 
murine respiratory system. 

A fi nal common feature of infection with the 2 virus 
subtypes was diffuse alveolar damage, which dominates 
both histopathologic profi les; these results corroborate the 
pathologic data found in the literature. Seasonal human in-
fl uenza epidemics typically consist of a transient tracheo-
bronchitis caused by preferential attachment of the virus to 
the laryngeal, tracheal, and bronchial epithelia. In contrast, 
those infl uenza viruses which are highly pathogenic toward 
humans, from the pandemic viruses of 1918 (H1N1), 1957 
(H2N2), and 1968 (H3N2) to the subtype H5N1 strains 
isolated from humans since 2003, additionally colonize 
the bronchiolar and alveolar epithelia, preferentially or not, 
and cause diffuse alveolar damage as an additional primary 
lesion (20–23). The same lesion has been found in experi-
mental animals injected with a recent subtype H5N1 strain 
(14,24–26).

Although both viruses share the same pathogenicity, 
replication kinetics, and concentration peak, and although 
they both evoke diffuse alveolar damage by the endpoint 
day, they differ dramatically in terms of the ARDS course 
and pathologic signature. Flagrant differences make it easy 
to distinguish infections by the 2 subtypes. In subtype 
H1N1 infection, the disease becomes fatal at a point when 
the pulmonary edema is much less intense and leaves a 
histopathologic picture characterized by much more dense 
infl ammatory cell infi ltrates, generating cuffs around the 
bronchioles and blood vessels. Second, subtype H1N1 col-
onizes the epithelia of both the upper and lower airways, 
without any obvious preference, whereas subtype H5N1 
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Figure 5. Photomicrographs of liver, spleen, 
and lung sections from infl uenza virus A 
(H5N1)–infected mice at endpoint. Necrotic 
foci (arrows) scattered throughout the liver 
(A) (original magnifi cation ×200) and spleen 
(B) (original magnifi cation ×100) from 
subtype H5N1–infected mice (hematoxylin 
and eosin stain); these foci are absent 
from subtype H1N1–infected mouse livers. 
C) Necrotic foci in the liver stain periodic 
acid–Schiff (PAS)–positive (arrow), which 
suggests focal accumulation of glycogen 
(original magnifi cation ×400). D) Numerous 
alveolar walls lined with PAS-stained hyaline 
membranes (arrows), suggestive of necrosis 
and desquamation of pneumocytes (original 
magnifi cation ×1,000).
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remains confi ned essentially to the alveoli and terminal 
bronchioles. Within the alveoli, unlike the subtype H1N1 
strain, the subtype H5N1 strain shows a preferential tro-
pism for type II pneumocytes and alveolar macrophages. 
Lastly, whereas subtype H1N1 remains strictly confi ned 
to the respiratory system, subtype H5N1 spreads to other 
organs. These differences demonstrate unambiguously that 
the 2 highly virulent infl uenza A viruses studied here cause 
2 different forms of ARDS. This fi nding suggests that the 
physiopathologic data obtained when studying 1 virulent 
strain should not be extrapolated automatically to other 
strains. The observed differences also suggest that diverse 
constellations of critical mutations in the viral genome 
might lead to the same fatal result. 

This work addresses the question of possible differ-
ences between 2 fatal diseases caused by infl uenza A vi-
ruses, although some previous evidence that pointed in the 
same direction has already been reported. For example, 
the pandemic human strains of 1918, 1957, and 1968, on 
the one hand, and the recent subtype H5N1 strains, on the 
other, show different tropisms: panepithelial for the former 
strains (20,27,28) and limited to the bronchiolar and alveo-

lar epithelia for the latter strains, a result compatible with 
our own observations on mouse-adapted viruses. Likewise, 
a panepithelial tropism has been observed for the A/South 
Carolina/1/18 (H1N1) virus in mice (29), whereas a prefer-
ence for the bronchioles and alveoli has been noted for re-
cent subtype H5N1 strains that have been injected into ma-
caques, mice, ferrets, and cats (14,25,30–37). In addition, 
the observed strict confi nement of our subtype H1N1 strain 
to the respiratory system confi rms previously reported data 
that refute the existence of polysystemic dissemination of 
non-H5 viruses that are lethal to humans or laboratory ani-
mals (20,27,29,38). Conversely, our observation that the 
subtype H5N1 strain spreads beyond the respiratory system 
confi rms similar observations of both humans (22,22,39) 
and laboratory animals (14,24,25,30–34).

Although other subtype H5N1 and subtype H1N1 
viruses infect other susceptible hosts, they may not show 
trends similar to those observed here. These results, when 
integrated with the diverse pieces of evidence reported 
elsewhere, suggest that fatal infections caused by different 
highly virulent infl uenza A viruses do not necessarily share 
the same pathogenesis. To be convinced, one has only to 
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Figure 6. Topologic distribution of infl uenza antigens in the lungs of mice infected with infl uenza virus A subtype H1N1 and H5N1 strains 
at endpoint (antinucleoprotein immunohistochemical staining). A) Subtype H1N1 and B) subtype H5N1, both showing diffusely distributed 
positive staining of numerous pneumocytes and alveolar macrophages (original magnifi cation ×100). C) Subtype H1N1, showing antigens 
massively present in the remaining non-desquamated airway epithelial cells (original magnifi cation ×400); viral amplifi cation in type I and 
type II pneumocytes is far more intense and widespread 4 days after inoculation of the subtype H5N1 virus (D) than 7 days after inoculation 
of the subtype H1N1 virus (original magnifi cation ×400). E) Desquamated, necrotic, and intensely virus-positive airway epithelial cells in 
a terminal bronchiole and adjacent alveoli of a mouse infected with subtype H1N1, compared with F) uninfected, intact airway epithelial 
cells in a terminal bronchiole and adjacent alveoli of a mouse infected with subtype H5N1, illustrating the different pneumotropism of the 
2 viruses (original magnifi cation ×1,000). Conversely, the density of virus-positive cells in the lung/alveoli is higher after inoculation of the 
subtype H5N1 strain (Mayer hematoxylin counterstain).
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note the ease of distinguishing, in the absence of any virus 
labeling, the histopathologic sections typical of the 2 strains 
used here (Figure 4). These different histopathologic signa-
tures and different pathogeneses probably refl ect the pres-
ence of specifi c sets of virulence markers that will have to 
be decrypted to anticipate the emergence of a pandemic. In 
this respect, sequence analysis of both strains will lead to 
insight on specifi c residues that are relevant for the adapta-
tion and virulence of an infl uenza strain in a new host. 

Furthermore, the differences between these 2 strains 
suggest that >1 universal cytokine storm underlies fatal in-
fl uenza diseases. Thus, it might be advantageous to tailor 
the therapeutic approach to the infl uenza virus pathotype.
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positive staining can be seen in subtype H5N1–infected mice (antinucleoprotein immunohistochemical staining), while absence of any 
staining can be seen in subtype H1N1–infected mice (Mayer hematoxylin counterstain). Original magnifi cation ×100.
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We evaluated the annual rate (cases/10,000 hospital-
izations) of pediatric hospitalizations with Clostridium dif-
fi cile infection (CDI; International Classifi cation of Diseases, 
9th revision, clinical modifi cation code 008.45) in the United 
States. We performed a time-series analysis of data from 
the Kids’ Inpatient Database within the Health Care Cost 
and Utilization Project during 1997–2006 and a cross-sec-
tional analysis within the National Hospital Discharge Sur-
vey during 2006. The rate of pediatric CDI-related hospital-
izations increased from 7.24 to 12.80 from 1997 through 
2006; the lowest rate was for children <1 year of age. Al-
though incidence was lowest for newborns (0.5), incidence 
for children <1 year of age who were not newborns (32.01) 
was similar to that for children 5–9 years of age (35.27), 
which in turn was second only to incidence for children 1–4 
years of age (44.87). Pediatric CDI-related hospitalizations 
are increasing. A better understanding of the epidemiology 
and outcomes of CDI is urgently needed.

The epidemiology of Clostridium diffi cile infection 
(CDI) has been shifting over the past decade. Since 

2000, the molecular evolution of the hypervirulent toxi-
genic bacterial strain BI/NAP1/027, which causes severe 
disease in massive outbreak settings, has been well docu-
mented (1–4). Furthermore, the increasing detection of this 
strain in the United States and other countries coincides 
with reports of increasing hospitalizations either resulting 
from or complicated by CDI and associated with increased 

case-fatality rates (5–7). Although in the past it was not 
thought to affect pediatric populations substantially, CDI 
has more recently been implicated as an increasingly prev-
alent diarrheal pathogen in children (8–10). Moreover, 
evidence suggests that a large proportion of pediatric CDI 
cases are community-acquired infections and that many of 
these infections lack the traditional risk factor of exposure 
to antimicrobial drugs (11–13). These changes in the epide-
miology of pediatric CDI, although not defi nitively caused 
by the BI/NAP1/027 strain, are likely related to this strain 
because at least 2 reports suggest a high prevalence (10%–
38%) of this strain in pediatric CDI populations and a 4× 
increase in complication rates associated with this strain 
compared with other strains (14,15).

Current age-specifi c epidemiology of CDI among 
children remains poorly studied. Literature predating the 
emergence of the epidemic strain suggests that although up 
to 67% of all neonates (i.e., <1 month of age) become colo-
nized with C. diffi cile in the perinatal period, they do not 
appear to be at risk for the development of CDI-associated 
symptoms (16). Conversely, children 1 month–2 years of 
age, although less likely to become colonized with this bac-
terium, are more likely to have attendant disease (16). Fi-
nally, children 3–18 years of age have been reported to have 
similar risk for CDI as that seen in adults (16). Because the 
epidemiology of CDI is changing rapidly in children and 
adults, we examined age-specifi c trends in CDI-related 
hospitalizations in the US population <18 years of age.

Materials and Methods
To characterize the epidemiology of CDI-related hos-

pitalizations among US children, we performed 2 analyses 
using 2 databases. These databases are based on adminis-
trative coding, and consistency in results obtained from 
>1 data source potentially indicates a higher chance of 
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accuracy. In addition, the format in which we analyzed 1 
of the databases (Kids’ Inpatient Database [KID]) did not 
enable separating newborn discharges (defi ned as those 
hospitalizations during which the child was born) from 
those of other children <1 year of age. Because newborns 
represent a unique population prone to colonization but 
not overt disease, we chose a second database that en-
ables separate analysis of newborns (National Hospital 
Discharge Survey [NHDS]).

The fi rst analysis was a time-series analysis of all 
CDI-related hospitalizations among US children between 
1997 and 2006 based on the data from KID within the 
Healthcare Cost and Utilization Project (HCUP) adminis-
tered by the Agency for Healthcare Research and Quality 
(Rockville, MD, USA). This type of longitudinal analysis 
is useful for tracking disease patterns over long periods. 
KID was specifi cally designed to identify, track, and an-
alyze national trends in healthcare use, access, charges, 
quality, and outcomes; in 2006, it included data from 
3,739 hospitals from 38 states in the United States (17). 
Complex survey methods exist to develop national and 
regional estimates for conditions addressed in the data-
base. The Agency for Healthcare and Research Quality 
assesses completeness and data quality, and documenta-
tion is provided with the dataset. Data quality checks are 
limited to logical issues (e.g., birth date precedes age at 
hospital admission, excessively low total charges or long 
length of stay, age <10 years or >55 years on a maternal 
record, and mixed neonatal and maternal records), i.e., no 
chart reviews are undertaken by the agency.

For the current study, all data were derived in aggre-
gate from the publicly available HCUPNet website (18). 
Because the years for which data were available were 1997, 
2000, 2003, and 2006, our observations were limited to these 
periods. We examined the annual incidence of CDI-related 
hospitalizations on the basis of the International Classifi ca-
tion of Diseases, 9th revision, clinical modifi cation (ICD-
9-CM), code 008.45 (intestinal infection with C. diffi cile) 
as a proportion of all hospitalizations. We additionally de-
termined the time trends for CDI as the principal discharge 

diagnosis in this population. Finally, to understand better 
the context of increasing CDI-related hospitalizations, we 
examined trends in hospitalizations related to other diar-
rheal diseases, specifi cally Salmonella (ICD-9-CM 00.30), 
rotavirus (ICD-9-CM 008.61), viral enteritis (ICD-9-CM 
008.8), and other infectious enteritides (ICD-9-CM codes 
009.0–009.3, 487.8).

The second analysis was a cross-sectional character-
ization of all CDI hospitalizations for patients <18 years of 
age in 2006 reported in the NHDS collected by the Centers 
for Disease Control and Prevention (Atlanta, GA, USA) 
and available as a public utility fi le from the National Cen-
ter for Health Statistics (NCHS) (Hyattsville, MD, USA) 
(19). NHDS covers discharges from ≈500 noninstitutional, 
nonfederal, short-stay hospitals in the United States. The 
3-stage survey design enables balanced geographic repre-
sentation; data are abstracted either manually or electroni-
cally for an ≈1% representative sample of all US hospital-
izations. To ensure quality and completeness of the data, 
NCHS at the Centers for Disease Control and Prevention 
conducted studies in the late 1970s. These surveys indicat-
ed that the NHDS data met the general standards for quality 
set by NCHS (20).

Results
According to data from KID, the national number 

of pediatric CDI-related hospitalizations increased from 
4,626 in 1997 to 8,417 in 2006 (Table 1). This change cor-
responded to an increased rate from 7.24/10,000 hospital-
izations in 1997 to 12.80/10,000 hospitalizations in 2006 
and represented a crude 9.0% per year increase. Although 
the group <1 year of age consistently accounted for the 
largest proportion of all pediatric CDI-related hospitaliza-
tions (Table 1), this group accounted for the lowest rate 
of CDI hospitalizations across the entire group of children; 
the highest incidence in all 4 years was detected in the 
group 1–4 years of age (Figure 1). The proportion of all 
CDI-related hospitalizations that had CDI listed as the prin-
cipal discharge diagnosis remained essentially stable over 
the period examined (Table 1). Among other infectious 
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Table 1. Clostridium difficile infection–related hospitalizations, by year and age group, HCUP and KID, United States* 
Characteristic 1997 2000 2003 2006 
Age group, y
 <1 1,269 1,444 1,586 2,269 
 1–4 1,480 1,453 1,880 2,587 
 5–9 699 673 934 1,255 
 10–14 602 815 920 1,197 
 15–17 576 574 716 1,110 

All 4,625 4,960 6,035 8,417 
% CDIs as principal diagnosis 0.31 0.29 0.27 0.29
*HCUP, Health Care Utilization Project; KID, Kids’ Inpatient Database; CDIs, C. difficile infections. The sums of individual age groups may not add up to the
total cases because numbers represent rounded values of weighted estimates.   
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gastroenteritis-related hospitalizations, only rotavirus had 
a similar upward trajectory during this period (Figure 2).

Characteristics of CDI-related and nonrelated hospital-
izations in the NHDS are shown in Table 2. The overall rate 
of pediatric CDI hospitalizations was 14.03/10,000 hospi-
talizations, and the age-specifi c rate did not differ substan-
tially from that seen in the KID 2006 database (Figure 3). 
Although the newborn group, defi ned as infants whose hos-
pitalizations originated at their birth, in NHDS represented 
57.4% of all children hospitalized in 2006 and 84.2% of 
all children <1 year of age hospitalized, it had the lowest 
CDI rate of all pediatric age groups; the annual rate was 
0.5/10,000 hospitalizations (Figure 3). Although the groups 
1–4 and 5–9 years of age had the fi rst (44.87/10,000) and 
second (35.27/10,000) highest rates of CDI hospitaliza-
tions, the third highest rate was seen in the non-newborn, 
<1 year of age group (32.01/10,000). The groups 10–14 and 
15–17 years of age had the lowest rates of CDI hospitaliza-
tions in the pediatric cohort (Figure 3). There were no ob-
served meaningful age-specifi c or sex-specifi c differences 
between the populations represented in the 2 data sources.

Discussion
We found that CDI-related hospitalizations as a pro-

portion of all hospitalizations among US children in-
creased dramatically between 1997 and 2006, from 7.24 
to 12.80/10,000 hospitalizations. Most of this increase 
occurred between 2000 and 2006, which possibly refl ects 
spread of the new C. diffi cile strain into medical institu-
tions. Consistent with fi nding from previous studies, chil-

dren 1–4 years of age were as a group most likely to have 
a hospitalization that was CDI related, and newborns were 
the least likely. Such a low rate in newborns is consistent 
with long-standing recommendations against routine test-
ing of children <1 year of age (21). This rate, rather than 
representing a truly low risk for CDI in this age group, may 
be the result of an infl ated denominator, given that most 
births in the United States occur in a hospital setting. In 
contrast, non-newborn infants (i.e., those <1 year of age and 
not meeting the newborn defi nition) had the second high-
est rate of CDI-related hospitalizations. In addition to the 
overall increase in pediatric CDI-related hospitalizations, 
there was a coincident increase in hospitalizations either 
resulting from or complicated by rotavirus infection.

Several of these fi ndings are consistent with other re-
cent epidemiologic and microbiology-based investigations. 
For example, Klein et al. examined billing records for the 
testing of diarrheal stool specimens from children who 
came to the emergency department at a children’s hospi-
tal between 1998 and 2001 and identifi ed C. diffi cile toxin 
in 6.7% (8). However, viral pathogens were isolated from 
33% of the samples. A more recent study tracked changes 
between 2001 and 2006 in the epidemiology of C. diffi cile 
toxin testing performed on children at 1 academic medical 
center (11). The proportion of children <2 years of age who 
were positive increased from 46% to 64%, and there was a 
substantial increase in the incidence of community-onset 
infections and a concomitant decrease in hospital-onset in-
fections. Interestingly, 43% of all patients had no recent 
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Figure 1. Age-specifi c incidence of patients with Clostridium diffi cile 
infection (CDI) per 10,000 hospitalizations, Health Care Utilization 
Project Kids’ and Inpatient Database, United States, 1997–2006.
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history of exposure to antimicrobial drugs (11). Kim et al. 
estimated the rate of CDI in 22 US children’s hospitals and 
also found a steady increase from 4.4 cases/10,000 patient-
days in 2001 to 6.5 cases/10,000 patient-days in 2006 (9).

The role of C. diffi cile in the pathogenesis of disease 
among non-newborn children <1 year of age remains per-
plexing. Because of historically low rates of pseudomem-
branous colitis (the characteristic pathologic lesion caused 
by toxins A and B) among infants and high rates of asymp-
tomatic C. diffi cile carriage in neonates, it has been rec-
ommended that laboratory testing for CDI not be routinely 
performed for children <1 year of age (21). However, in the 
study by Kim et al., in which tests for C. diffi cile laboratory 
assays were combined with ICD-9-CM discharge diagno-
ses, 26% of all CDI cases were identifi ed in infants and 
5% in neonates (9). Although rates increased from 2001 
through 2006 for children 1–5 years of age (from 0.7 to 
1.3 cases/1,000 hospitalizations; p = 0.04) and those 5–17 
years of age (from 1.2 to 1.8/1,000 hospitalizations; p = 
0.03), these rates did not change for the group <1 year of 
age (from 3.1 to 3.0/1,000 hospitalizations).

Our data, which are more broadly representative of 
all pediatric admissions in the United States, have similar 
trends between 2000 and 2006 for children 1–4 years of age 
(from 2.68 to 4.52/1,000 hospitalizations) and those 5–17 
years of age (from 1.62 to 2.86/1,000 hospitalizations). In 
contrast, the <1 year age group rates from our time series 
were an order of magnitude lower in 2000 and 2006. How-
ever, the rate for non-newborn children <1 year of age in 
our 2006 cross-sectional study (3.20/1,000 hospitalizations) 
was comparable with that observed by Kim et al. (9). The 
lower overall rate for children <1 year of age from our data 
likely refl ects that healthy newborns have an exceedingly 

low risk for CDI and that although it is unlikely for these 
children to end up at a children’s hospital unless peripartum 
problems are encountered, neonates account for >80% of 
all hospitalized children <1 year of age in the HCUP and 
KID databases.

We could not determine whether the relatively high 
rate of CDI-related hospitalizations among non-newborn in-
fants represents predominantly true disease or colonization. 
Although more specifi c than recovery of a toxin-producing 
strain from culture, even the detection of free toxins A, B, 
or both in the stool of a symptomatic infant does not ensure 
a pathogenic role for C. diffi cile, especially if another cause 
for diarrhea can be identifi ed. Rates of hospitalizations for 
rotavirus infections have exhibited a similar increase as 
those with CDI between 1997 and 2006. Although 2 recent 
analyses of discharge data for adults suggest that non-CDI 
causes of diarrhea are not likely leading to a reporting bias 
as the explanation for the observed increase in CDI rates 
(22,23), the situation may be different for children in whom 
rotavirus is a serious pathogen and related hospitalizations 
are clearly increasing. Although Kim et al. did not report an 
increase in the frequency of testing for C. diffi cile in their 
study, our fi ndings implicate this fi nding as a distinct pos-
sibility that needs to be investigated further (9).

Our study has several limitations. First, case identifi ca-
tion was based on administrative coding, thus predisposing 
to misclassifi cation. However, the degree of misclassifi ca-
tion may not be substantial because multiple studies have 
shown the ICD-9-CM code 008.45 to be a relatively accu-
rate way to identify CDI (24–26). Second, because we had 
no clinical data available, we could not distinguish stool 
colonization from CDI infection. Third, we were unable to 
distinguish community-acquired from healthcare-associat-
ed disease.
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Table 2. Demographic characteristics for CDIs, National Hospital 
Discharge Survey, United States, 2006* 

Characteristic
No. (%) 

CDIs
No. (%)  

non-CDIs 
All pediatric hospitalizations 98 69,651 
Age, y 
 Newborn 2 40,022 
 <1 but not newborn 24 7,474 
 1–4 32 7,099 
 5–9 16 4,521 
 10–14 13 4,943 
 15–17 11 5,690 
Sex
 M 48 (49.0) 35,941 (51.5) 
 F 50 (51.0) 33,808 (48.5) 
Race
 Caucasian 59 (60.2) 39,457 (52.3) 
 African American 12 (12.2) 9,602 (13.8) 
 Other 7 (7.1) 5,589 (8.0) 
 Not stated 20 (20.4) 18,069 (26.0) 
*CDIs, Clostridium difficile infections. 
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newborn (i.e., during subsequent hospitalization).
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However, our study has several strengths. Because we 
explored 2 databases and discovered results that are highly 
consistent not only with each other but with those of previ-
ous recent investigations, we have augmented the accuracy 
of estimates of pediatric CDI incidence (9). In addition, our 
data are generalizable to most US-based institutions that 
care for the pediatric populations. This generalizability sets 
our results apart from those reported previously because 
they were limited to the highly specialized setting of chil-
dren’s hospitals (8,9,11).

In summary, the incidence of CDI in the pediatric 
population appears to be increasing in US hospitals. A re-
porting bias for diarrheal diseases may play a role in this 
trend given the concomitant increase in rotavirus-related 
hospitalizations we identifi ed. Future data may clarify this 
fi nding because widespread immunization with available 
rotavirus vaccines may soon lead to reduced incidence of 
related hospitalizations. The low incidence of CDI-related 
hospitalizations among newborns refl ects current recom-
mendations against routine testing and may support the 
concept that C. diffi cile does not cause disease among neo-
nates. In contrast, the relatively high rate of CDI-related 
hospitalizations among non-newborn infants indicates an 
urgent need for studies to determine how often C. diffi cile 
causes true disease in this population.
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Multilocus variable number tandem repeat analysis 
(MLVA) is a subtyping technique for characterizing human 
pathogenic bacteria such as enterohemorrhagic Escheri-
chia coli (EHEC) O157. We determined the phylogeny of 
202 epidemiologically unrelated EHEC O157:H7/H– clini-
cal isolates through 8 MLVA loci obtained in Germany dur-
ing 1987–2008. Biodiversity in the loci ranged from 0.66 
to 0.90. Four of 8 loci showed null alleles and a frequency 
<44.1%. These loci were distributed among 48.5% of all 
strains. Overall, 141 MLVA profi les were identifi ed. Phylo-
genetic analysis assigned 67.3% of the strains to 19 MLVA 
clusters. Specifi c MLVA profi les with an evolutionary persis-
tence were identifi ed, particularly within sorbitol-fermenting 
EHEC O157:H–.These pathogens belonged to the same 
MLVA cluster. Our fi ndings indicate successful persistence 
of this clone.

Enterohemorrhagic Escherichia coli (EHEC) O157:H7 
infections have substantial medical, public health, and 

economic effects (1,2). Most symptomatically infected pa-
tients have painful bloody diarrhea (2,3). Hemolytic uremic 
syndrome (HUS) develops in ≈15% of infected children ≈1 
week after the fi rst loose stool. HUS is a thrombotic mi-
croangiopathy and consists of nonimmune hemolytic ane-
mia, thrombocytopenia, and renal failure (1). Currently, 
HUS is the main cause of acute renal failure in children (4). 
In Germany, E. coli O157:H7, which is the most frequent 

EHEC serotype implicated in HUS, is not the only relevant 
EHEC O157 involved. Sorbitol-fermenting (SF) E. coli 
O157:H– (nonmotile) strains cause ≈20% of all cases of 
HUS (5). Unlike E. coli O157:H7, organisms within this 
clone can ferment sorbitol after overnight incubation on sor-
bitol MacConkey agar. Although EHEC O157:H7 causes a 
zoonotic disease mainly associated with cattle, efforts to 
determine the animal reservoir of SF EHEC O157:H– have 
been unsuccessful (5).

To identify reservoirs of EHEC O157:H7 infections 
and of other foodborne pathogens and to elucidate the 
molecular epidemiology of these pathogens in the United 
States, PulseNet was established in 1996 (6). This US na-
tional molecular subtyping network for foodborne disease 
surveillance facilitates subtyping of bacterial foodborne 
pathogens for epidemiologic purposes. This network is 
based on characterization of whole bacterial genomes by 
using macrorestriction digestion patterns that are separated 
by pulsed-fi eld gel electrophoresis (PFGE), a technique that 
has emerged as a common standard for subtyping EHEC 
O157 isolates (6). Despite its high discriminatory power, 
PFGE can be problematic because it requires great efforts 
to ensure intralaboratory and interlaboratory reproducibil-
ity (7–10). Furthermore, its application is labor-intensive 
and diffi cult to automate. Thus, this technique can be bi-
ased by subjective interpretation of band patterns (7,8). In 
addition, band patterns can be altered by the presence of 
mobile genetic elements.

To overcome these drawbacks, other molecular meth-
ods were developed, among them multilocus variable num-
ber tandem repeat (VNTR) analysis (MLVA). MLVA is 
based on the characterization of different VNTR regions 
throughout the bacterial genome. Repeat regions are am-

Phylogenetic Analysis of 
Enterohemorrhagic Escherichia coli 

O157, Germany, 1987–2008 
Christian Jenke, Dag Harmsen, Thomas Weniger, Jörg Rothgänger, Eija Hyytiä-Trees, 

Martina Bielaszewska, Helge Karch, and Alexander Mellmann

RESEARCH

610 Emerging Infectious Diseases • www.cdc.gov/eid • Vol. 16, No. 4, April 2010

Author affi liations: Institute for Hygiene, Münster, Germany (C. 
Jenke, M. Bielaszewska, H. Karch, A. Mellmann); Department of 
Periodontology, Münster (D. Harmsen, T. Weniger); Ridom GmbH, 
Würzburg, Germany (J. Rothgänger); and Centers for Disease 
Control and Prevention, Atlanta, Georgia, USA (E. Hyytiä-Trees)

DOI: 10.3201/eid1604.091361



Phylogenetic Analysis of Enterohemorrhagic E. coli

plifi ed by using PCRs, and resulting fragments are sized 
to determine the number of repeats. The combination of 
numbers of repeats of different VNTR loci results in an 
allelic profi le known as the typing result. First developed 
in 1995 for Mycobacterium tuberculosis (11), MLVA is 
now a common typing method for an increasing number 
of pathogens (12,13). For EHEC O157, different MLVA 
schemes with some overlaps of VNTR regions have been 
published and have demonstrated a capability to detect out-
breaks and differentiate closely related EHEC O157 iso-
lates not discriminated by PFGE (8,14,15). These fi ndings 
qualify MLVA as the second-generation subtyping method 
for PulseNet (8).

In addition to its use in infectious disease surveillance, 
MLVA also can be used to study phylogeny of pathogens, 
especially recently evolved clonal pathogens such as M. 
tuberculosis (16,17) or Bacillus anthracis (18). However, 
because of limited diversity in their housekeeping genes, 
which are the genomic targets for phylogenetic investiga-
tions based on multilocus sequence typing (MLST), the 
common technique for phylogenetic studies (19,20), cer-
tain monomorphic organisms could not be suffi ciently dif-
ferentiated by MLST (16,18). Similarly, EHEC O157 lacks 
diversity in its housekeeping genes (21,22), which hampers 
phylogenetic analysis of EHEC O157 by MLST.

We investigated the phylogeny of EHEC O157:H7 and 
SF EHEC O157:H– strains isolated during 1987–2008 in 
Germany by applying the current PulseNet MLVA proto-
col for E. coli O157 (23). The purpose of our study was to 
gain a deeper insight into the evolution and spread of this 
pathogen since 1987, when the fi rst cases of EHEC O157 
infections were detected (24,25).

Materials and Methods

Clinical Isolates
Up to 17 epidemiologically unrelated EHEC O157:

H7/H– isolates per year obtained during 1987–2008 were 
randomly selected from the strain collection of the Insti-
tute of Hygiene and the National Consulting Laboratory 
on HUS, University Hospital Münster, Germany. All 202 
O157 strains (61 of which were SF EHEC O157:H–) were 
isolated from humans, including patients with HUS (145), 
bloody diarrhea (12), or diarrhea without visible blood 
(40), and asymptomatic carriers (5) during epidemiologic 
investigations. Isolates were obtained from areas through-
out Germany. Procedures used for detecting and isolating 
EHEC O157 from stool samples were described (26,27). 
Isolates were confi rmed as E. coli by the API 20 E test (bio-
Mérieux, Marcy l’Etoile, France) and serotyped by using 
antisera against E. coli O antigens 1–181 and H antigens 
1–56 (28). Subtyping of fl iC genes in nonmotile isolates 
by using HhaI restriction fragment length polymorphism of 

amplicons obtained with primers FSa1 and rFSa1 (29,30) 
confi rmed the presence of fl iCH7 in all isolates. EHEC 
O157:H7 strain EDL933 (31,32) was used as a reference 
strain in all analyses.

MLVA of EHEC O157
Strains were grown overnight on Columbia blood agar 

(Heipha; Eppelheim, Germany) at 37°C. A loop of a fresh 
culture was suspended in 100 μL of Chelex-100 solution 
(Bio-Rad, Hercules, CA, USA) and vortexed briefl y. Af-
ter boiling and thorough mixing, samples were centrifuged 
and DNA-containing supernatants were stored at –20°C 
until use. To calibrate sequencer-specifi c variation of 
fragment length, the exact number of repeats of reference 
strain O157:H7 EDL933 was initially determined in silico 
on the basis of its genome sequence (reference sequences 
NC_002655 [chromosome] and NC_007414 [plasmid]; 
National Center for Biotechnology Information [NCBI], 
Bethesda, MD, USA) by using Tandem Repeats Finder 
software (33). Subsequently, the length of the in silico–de-
termined repeats was subtracted from the fragment length 
of each respective VNTR locus generated in 8 independent 
capillary electrophoresis runs of strain EDL933 to deter-
mine the offset (primer plus VNTR-fl anking regions). This 
locus-specifi c offset was then used to calculate the cor-
rect number of repeats of unknown isolates. Fragments for 
MLVA typing were generated in 2 multiplex PCRs com-
prising either VNTR loci 3, 9, 25, and 34 (multiplex 1) or 
VNTR loci 17, 19, 36, and 37 (multiplex 2) (online Ap-
pendix Table, www.cdc.gov/EID/content/16/4/610-appT.
htm), according to the current PulseNet MLVA protocol 
for E. coli O157 (23). 

PCR amplifi cation was performed in a reaction mixture 
of 10 μL containing 5 μL of Type-it Multiplex Master Mix 
(QIAGEN, Hilden, Germany), ≈30 ng of DNA template, 
and VNTR-specifi c primers for each of the 4 VNTR loci. 
Concentration, primer sequences, and respective dyes used 
are shown in the online Appendix Table. PCRs were per-
formed and prepared for subsequent analysis on sequencers 
in accordance with the manufacturer’s instructions (online 
Appendix Table). PCR products were diluted 1:10 with wa-
ter purifi ed by high performance liquid chromatography, 
and 1.0 μL of diluted DNA was mixed with 13.7 μL of 
HiDi formamide (Applied Biosystems, Foster City, CA, 
USA) and 0.3 μL of GeneScan-600 LIZ Size Standard 
(Applied Biosystems) as internal lane size standard. Before 
fragment sizing in the ABI Prism 3130xl Genetic Analyzer 
System (Applied Biosystems), samples were incubated for 
5 min at 95°C and immediately frozen at –20°C for >3 min 
to denature the DNA.

If a VNTR locus was not detected during fragment 
analysis, reactions were repeated by using singleplex re-
actions with minor modifi cations to amplify the specifi c 
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locus. In that particular instance, the primer concentra-
tion was increased to 0.2 μmol/L, annealing temperatures 
were reduced to 55°C, and the extension time was tripled 
to amplify larger fragments because of possible insertion 
sequence element transposition or other genetic events. 
Subsequently, fragments were characterized by using stan-
dard agarose gel electrophoresis. If the fragment was larger 
than the usual range of fragment sizes of the corresponding 
VNTR, the PCR product was sequenced.

Data Analysis
After fragment analysis, corresponding peak data 

were examined by using GeneMapper 4.0 software (Ap-
plied Biosystems) to calculate the repeat number for each 
VNTR locus on the basis of fragment length. Partial re-
peats were rounded to the closest repeat number in ac-
cordance with the current Centers for Disease Control 
and Prevention (CDC) (Atlanta, GA, USA) MLVA O157 
protocol (23). If >1 amplicon for a specifi c VNTR locus 
was detected and the size difference matched >1 repeat 
lengths (so-called stutter peaks), the one with the high-
est fl uorescence level was used to calculate the repeat 
number. A null allele was assigned if either no amplicon 
was detected or agarose gel electrophoresis data showed 
an amplicon of a size that was beyond the usual range of 
fragment size of the specifi c VNTR locus. Corresponding 
alleles were designated as –2. In the hypothetical situa-
tion in which an amplicon without the repeat region was 
detected, it was designated as –1 (8). Null alleles were 
also included in the overall number of alleles in a specifi c 
VNTR locus.

Index of diversity (ID) (34) and typeability were cal-
culated by using EpiCompare 1.0 software (Ridom GmbH, 
Würzburg, Germany). A minimum spanning tree (MST) 
was generated by using SeqSphere software 0.9 β (Ridom 
GmbH). All MLVA profi les that differed at <2 alleles were 
grouped as an MLVA cluster. To determine the cluster-de-
fi ning profi le of clusters containing >2 MLVA profi les, the 

MST priority rule (that the profi le with the highest number 
of single locus variants is chosen) was applied.

Signifi cance of associations of MLVA profi les or clus-
ters comprising >4 strains with clinical outcome (HUS vs. 
non-HUS) were calculated by using a χ2 test with Yates 
correction (EpiInfo 6 software; CDC) when appropriate. p 
values <0.05 were considered signifi cant.

Results

EHEC O157 Strains and VNTR Loci Characterization
The 202 EHEC O157 strains showed 141 MLVA pro-

fi les. Of these profi les, MLVA profi le 4/8/-2/2/3/9/-2/5 
was the most common and was present in 30 isolates. In 
contrast, 122 profi les were detected only once. Detailed 
characteristics of the different VNTR loci identifi ed in this 
study are shown in Table 1. The number of alleles for the 
VNTRs ranged from 6 (VNTR-25) to 22 (VNTR-3). Calcu-
lation of the ID resulted in values from 0.66 (VNTR-34) to 
0.9 (VNTR-9). Half of the VNTR loci (VNTR-3, VNTR-9, 
VNTR-36, and VNTR-37) showed null alleles with differ-
ent frequencies ranging from 2.0% (VNTR-3 and VNTR-
37) to 44.1% (VNTR-36).

To determine whether amplifi cation failure caused by 
mutations in primer-binding regions or by complete dele-
tions of the VNTR region were the reason for these null 
alleles or the insertion of fragments such as mobile genetic 
elements resulted in larger (and therefore by capillary elec-
trophoresis) undetectable fragments, the respective frag-
ments were analyzed by using standard gel electrophoresis. 
In some cases, large fragments (>1.3 kb) were detected. 
Sequence analysis and an NCBI nucleotide BLAST search 
(http://blast.ncbi.nlm.nih.gov/Blast.cgi) of randomly se-
lected samples indicated the presence of insertion sequence 
elements of the IS3 family. The typeability of different 
VNTR loci ranged from 55.9% to 100% (Table 1). Null 
alleles were present in 48.5% of the strains (98/202). The 
overall ID of all MLVA profi les was 0.98.
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Table 1. VNTR characteristics of enterohemorrhagic Escherichia coli, Germany, 1987–2008* 
VNTR
locus 

Alternative
name† 

Repeat
length, bp 

Inside ORF 
(no.)‡ 

No. repeats No.
alleles§ 

Null
alleles 

Null allele 
frequency, % ID

Typeability, 
%¶ Minimum Maximum 

3 Vhec3, TR5 6 + (Z0268) 3 23 22 + 2.0 0.86 98.0
34 Vhec2, TR6 18 + (Z5865) 4 12 8 – – 0.66 100.0 
9 Vhec4, TR1 6 + (Z3935/Z3936) 6 23 15 + 31.7 0.90 68.3
25 TR4 6 – 2 15 6 – – 0.74 100.0 
17 TR3 6 + (Z5935) 2 19 10 – – 0.80 100.0 
19 TR7 6 + (Z3274) 3 11 9 – – 0.76 100.0 
36# Vhec7 7 – 3 15 13 + 44.1 0.87 55.9
37# – 6 + (L7083) 3 17 11 + 2.0 0.82 98.0
*VNTR, variable number tandem repeat; ORF, open reading frame; ID, index of diversity without null alleles.  
†Vhec loci as explained by Lindstedt et al. (15). TR loci are from Noller et al. (14).
‡Number is based on current EDL933 genome data. ORF encoding VNTR loci encoded either hypothetical proteins or proteins with unknown function. 
§Including null alleles. 
¶Typeability determines the proportion of all alleles without null alleles. 
#Located on plasmid pO157 of reference strain EDL933. 
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MLVA Clustering and Phylogeny
Comparison of MLVA profi les assembled 136 of the 

202 strains (67.3%) into clusters sharing >6 of the 8 VNTR 
loci. This grouping resulted in 19 MLVA clusters consist-
ing of 2–61 isolates comprising 81 MLVA profi les. The re-
maining 66 strains (32.7%), which had 60 MLVA profi les, 
could not be associated with any cluster (Table 2). Strains 
within clusters consisting of >4 MLVA profi les were iso-
lated over a period >7 years. The 61 strains of cluster 1 
were isolated during 1988–2008. Among these strains, the 
cluster-defi ning MLVA profi le 4/8/-2/2/3/9/-2/5 was the 
most common profi le. It included 30 (14.9%) of 202 strains 
isolated during 1988–2008. The profi le of the same clus-
ter (cluster 1) with the second highest number of strains 
differed only in VNTR-37 with an additional repeat and 
included 5.0% of the strains (10/202). The corresponding 
strains were isolated during 1995–2008 (Table 2, Figure).

All 61 strains in cluster 1 were SF EHEC O157:H–. 
The remaining 141 strains did not ferment sorbitol (Table 
2, Figure). The phylogenetic relationship of 202 EHEC 
O157 strains based on the 141 MLVA profi les is shown in 
an MST in the Figure. The reference strain EDL933, which 
is also included in the MST, shares its MLVA profi le with 4 
isolates from Germany obtained during 2007–2008.

Association of MLVA Profi les with HUS
To determine whether there was an association be-

tween MLVA profi les or clusters and the ability of these 
strains to cause HUS, we performed a signifi cance test. The 

2 most common MLVA profi les were signifi cantly associ-
ated with HUS (p = 0.023). Testing for specifi c clusters 
resulted in a signifi cant association of HUS with cluster 1 
(p = 0.009) (Figure).

Discussion
Using 8 VNTR loci of the current PulseNet MLVA 

O157 protocol (23), we analyzed a large collection of 202 
EHEC O157:H7/H– strains isolated over >2 decades in 
Germany to determine their molecular epidemiology. Of 
the 141 MLVA profi les detected, 81 were clustered into 
19 groups of related profi les that differed at >2 loci. The 
remaining 60 profi les were not clustered. Our data dem-
onstrate a great diversity of EHEC O157:H7 associated 
with human diseases in Germany over the past 2 decades. 
The wide distribution of strains within the MST based 
on MLVA typing refl ects frequent occurrence of genetic 
events outside the EHEC O157 core genome (Table 2, Fig-
ure). The 19 MLVA clusters included 67.3% (136/202) of 
the analyzed strains. Further analysis of the clusters includ-
ing >4 MLVA profi les did not show any specifi c clustering 
of strains in time. Most of the larger clusters (clusters 1, 2, 
4, 5, and 6; Table 2) contained strains widespread in the 
period of 10–20 years. Only cluster 3 is defi ned by profi les 
starting from 2001, which indicates a later appearance than 
clusters 1, 2, 4, 5, and 6 (Table 2).

The 2 most frequently identifi ed MLVA profi les are 
parts of cluster 1, which indicates a consensus profi le 
among SF EHEC O157:H– isolates over time within this 
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Table 2. MLVA cluster profile of enterohemorrhagic Escherichia coli O157, Germany, 1987–2008* 

MLVA cluster 
Cluster-defining MLVA 

profile
No. strains  

(% sorbitol-fermenting) No. MLVA profiles Years of strain isolation 
1 4/8/-2/2/3/9/-2/5 61 (100) 16 1988, 1989, 1993, 1995–2008 
2 7/7/13/4/5/7/-2/7 11 (0) 7 1996–1998, 2000, 2002, 2005, 2006 
3 11/8/10/3/5/6/8/3 9 (0) 8 2001, 2004, 2005, 2007, 2008 
4 18/7/8/3/5/7/-2/7 8 (0) 8 1996–1999, 2001, 2005, 2006 
5 5/7/13/5/6/6/6/6 7 (0) 5 1991, 1999, 2007 
6 12/7/16/3/5/6/5/7 5 (0) 5 1990, 1992, 1999, 2001, 2004 
7 18/7/10/4/4/9/4/9 5 (0) 4 1996, 1998, 2001–2003  
8 9/7/9/4/6/7/9/8 3 (0) 3 2007, 2008 
9 13/7/11/4/4/8/4/8 3 (0) 3 1992, 1993, 2002 
10 6/6/16/3/6/6/6/6 3 (0) 3 2005, 2006 
11 11/9/10/5/7/6/11/7 3 (0) 3 1996, 2000, 2007 
12 8/10/13/6/7/7/5/6 3 (0) 2 2002 
13 9/7/13/3/6/6/10/7 3 (0) 2 1997, 2002 
14 NA 2 (0) 2 2000 
15 NA 2 (0) 2 1998, 2000 
16 NA 2 (0) 2 1991 
17 NA 2 (0) 2 1995, 1997 
18 NA 2 (0) 2 1998, 2000 
19 NA 2 (0) 2 2001, 2003 
Singletons – 66 (0) 60 All years except 1990, 1995, and 2004 
*MLVA, multilocus variable number tandem repeat analysis; NA, not applicable because cluster comprises <3 strains. Singletons, MLVA profiles that are 
not included in a certain cluster. MLVA profiles are defined by repeat numbers after the following variable number tandem repeat (VNTR) locus order: 
3/34/9/25/17/19/36/37 with EDL933 as standard with the following MLVA profile: 9/10/11/5/6/6/8/7 (based on genome sequence analysis). Strains 
belonged to 1 cluster if they differed at <2 VNTR loci. 
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cluster. The corresponding strains include strain 493/89, 
which was isolated during the fi rst documented outbreak 
caused by SF EHEC O157:H– (25). All other isolates that 
exhibited the 2 most common MLVA profi les also ferment-
ed sorbitol, which identifi ed strain 493/89 as a prototype of 
these strains. This fi nding corroborates the assumption of 
an epidemic bacterial population structure within a back-
ground population comprising a network between differ-
ent genotypes, and that superimposed strains emerge from 
highly adaptive, ancestral genotypes and may be persistent 
for decades (35). Nodes from cluster 1, which represent 
the 2 most prevalent MLVA profi les, include strains from 
1988–2008 and 1995–2008. This fi nding indicates a per-
sistence of these successful clones, which supports this hy-
pothesis. Moreover, evolutionary success and uniqueness 
of this SF clone was recently supported by whole genome 
single nucleotide polymorphism analysis, in which distinct 
branching of these clones was determined during evolution 
of the O157 serotype (22).

Statistical analysis demonstrated that the 2 most com-
mon profi les and the entire cluster 1 are associated with 
HUS, which indicates that specifi c MLVA profi les are as-
sociated with severe disease. Cluster 1 comprised 61 of 
the strains and was distributed over more than a decade. 
Although not statistically signifi cant, 10 of 11 isolates in 
cluster 2 were also associated with HUS. Despite these 
similarities, they exhibited different MLVA profi les (Table 
2; Figure). Extensive heterogeneity of EHEC O157:H7, in 
contrast to conservation of SF EHEC O157:H–, could be 
related to observed differences in the nature of the reser-

voirs and vehicles for transmission. In addition, the epide-
miology of SF EHEC O157:H– infections differs markedly 
because these infections occur predominantly during cold 
(winter) months and in children <3 years of age (5). More-
over, although EHEC O157:H7 infections have zoonotic 
origins, SF EHEC O157:H– are rarely found in animals 
(36). Humans are plausibly the main reservoirs, as is the 
case with classical enteropathogenic E. coli and enteroin-
vasive E. coli. This relatively stable niche may lead to the 
conserved genome structure and high pathogenicity for the 
host (37).

Four strains isolated in 2007 and 2008 exhibited the 
same MLVA profi le as the reference strain EDL933 iso-
lated in 1982 in the United States (38) (Table 2, Figure). 
Among the 3,200 entries in the CDC MLVA database, the 
EDL933 MLVA profi le was detected only during an out-
break in 1982 (E. Hyytiä-Trees, pers. comm.). There are 
2 possible explanations for this phenomenon. This fi nd-
ing is coincidental because of genetic changes in the O157 
genome or EDL933 shares a common MLVA profi le with 
other strains. The presence of such common profi les is 
known, especially in foodborne pathogens and other mono-
morphic species (39) and frequently seen by using other 
typing techniques, such as PFGE.

Analysis of the number of alleles of different VNTRs 
produced results similar to those of a previous study (8). 
Whereas the ID was high (0.74–0.90; Table 1) in VNTR 
loci consisting of 6–7-bp repeats (all VNTR loci except 
VNTR-34), the ID was low (0.66) for the 18-bp repeat 
(VNTR-34). Whether a VNTR locus is located within 
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Figure. Minimum spanning tree based on 
multilocus variable number tandem repeat 
analysis (MLVA) allelic profi les, showing 
the phylogenetic relationship between 202 
epidemiologically unrelated enterohemorrhagic 
Escherichia coli (EHEC) O157:H7/H– strains, 
Germany, 1987–2008. Each node represents 
a unique MLVA profi le. Size of the nodes is 
proportional to the number of isolates per MLVA 
profi le. Small numbers and specifi c dashed lines 
between nodes represent distance between the 
nodes, i.e., number of different alleles. Clusters 
are indicated by numbers according to their 
size (Table 2) and are highlighted in gray. All 
strains within the enclosed area are sorbitol-
fermenting EHEC O157:H–. The arrangement of 
colors within each node refl ects the proportion 
of strains isolated from different years per node 
and corresponding MLVA profi le. Arrow indicates 
reference strain E. coli O157:H7 EDL933.
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an open reading frame did not infl uence the ID (Table 
1). However, the frequency of null alleles differed mark-
edly. A total of 98 (48.5%) of 202 strains exhibited null 
alleles in 4 of the 8 VNTR loci. Especially in VNTR-9 and 
VNTR-36, the frequency of null alleles was high (31.7% 
and 44.1%). Although null alleles were reported in other 
MLVA O157 studies (8,40), this high frequency of null 
alleles determined in our study might indicate a specifi c 
feature of EHEC O157 strains from central Europe or Ger-
many. An explanation for the frequent occurrence might 
be that VNTR-36 and VNTR-9 are located in noncoding 
or hypothetical protein encoding regions of the EHEC ge-
nome (Table 1). Nevertheless, all strains had a high ID re-
garding the complete MLVA profi le.

Our study had some limitations. Because of the lim-
ited number of isolates obtained during 1987–1995, clus-
tering might be biased and a more year-specifi c clustering 
might be observable. However, cluster 1 represents 30.2% 
(61/202) of strains widespread during 1988–2008, which 
contradicts this thesis, and infers a certain genetic stability 
of such clusters over time. In contrast to phylogenetic stud-
ies based on whole genome sequencing data (22), we report 
a phylogeny based on 8 genetic loci that might be biased by 
larger recombinational events. However, all VNTR loci are 
>50 kb from the rfb-gnd segment, which was determined to 
be the only genomic region in EHEC O157 with a higher 
mutation rate (22).

Strains (66/202, 32.7%) that were not classifi able into 
any MLVA cluster complement the assumption of the high-
ly dynamic EHEC O157 genome. This fi nding likely indi-
cates that genetic changes in E. coli lead to adaptation to a 
host-specifi c environment (in this case human), especially 
during pathogenesis and host-specifi c immune responses.

Applying MLVA to this highly diverse strain collec-
tion resulted in new insights into the phylogeny of EHEC 
O157 in Germany since their fi rst description in 1987. In 
addition to its already demonstrated ability to differenti-
ate outbreak and sporadic case strains, MLVA of O157 
emerged as a major typing tool that can further characterize 
EHEC O157 subpopulations and associated strains. This 
tool can be used for studying phylogeny coherences and 
identifying successful clones.
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Because secondary transmission masks the connec-
tion between sources and outbreaks, estimating the pro-
portion of foodborne norovirus infections is diffi cult. We 
studied whether norovirus genotype frequency distributions 
(genotype profi les) can enhance detection of the sources 
of foodborne outbreaks. Control measures differ substan-
tially; therefore, differentiating this transmission mode from 
person-borne or food handler–borne outbreaks is of public 
health interest. Comparison of bivalve mollusks collected 
during monitoring (n = 295) and outbreak surveillance strains 
(n = 2,858) showed 2 distinguishable genotype profi les in 
1) human feces and 2) source-contaminated food and bi-
valve mollusks; genotypes I.2 and I.4 were more frequently 
detected in foodborne outbreaks. Overall, ≈21% of all out-
breaks were foodborne; further analysis showed that 25% 
of the outbreaks reported as food handler–associated were 
probably caused by source contamination of the food.

Noroviruses are members of the family Caliciviridae 
and recognized as major pathogens in outbreaks of 

gastroenteritis worldwide. Because these viruses have en-
vironmental stability (1), ability to use different transmis-
sion routes, and low infective doses (2), their source may 
be diffi cult to determine during an outbreak. Transmission 
can occur through contact with shedding persons; food 

contaminated during processing, preparation or serving; 
sewage-contaminated water used for consumption, cultiva-
tion or irrigation of food; contaminated aerosols resulting 
from vomiting; and environmental contamination (3,4). 
Five genogroups have been described (GI–V), subdivided 
into at least 40 genetic clusters (5,6).

To implement effective measures for prevention, rec-
ognition of the transmission routes is necessary. Conse-
quently, the relative importance of different transmission 
routes in the total number of outbreaks is of interest for es-
timation of cost-effectiveness of reducing the number and 
size of norovirus outbreaks, particularly for geographically 
disseminated foodborne outbreaks. Such outbreaks are dif-
fi cult to detect when the primary introduction of viruses 
through food occurs simultaneously in several countries or 
continents (7–9). Globalization of the food industry with 
consequential international distribution of products in-
creases the risk for such outbreaks. For example, the fi rst 
reported GII.b outbreak occurred in August 2000 during a 
large waterborne outbreak in southern France (10). After 
this outbreak, in December and January, 4 multipathogen 
and oyster-related outbreaks with this newly emerging 
genotype were reported from France. In the same period, 
Denmark, Finland, and the Netherlands reported norovi-
rus cases resulting from oysters originating from a French 
batch that probably was sold in these countries, as well 
as in Sweden, Italy, and Belgium (6). All these outbreaks 
seemed to involve closely related and newly detected GII.b 
strains. After active case identifi cation, further linked cases 
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were detected in Germany, the United Kingdom, Spain, 
Slovenia, and Sweden (11,12). Another example of a geo-
graphically disseminated outbreak was several seemingly 
independent norovirus outbreaks in Denmark that were 
traced back to consumption of raspberries from Poland. 
Although raspberries from this contaminated batch were 
exported to other European countries, an alert in the Rapid 
Alert System for Food and Feed did not result in further 
linked outbreak reports (7). Thus, geographically dissemi-
nated outbreaks are sometimes identifi ed but only after 
the joint and exhaustive efforts of different organizations, 
such as laboratory networks, food safety authorities, and 
public health institutions. Knowledge of the proportion of 
geographically disseminated foodborne outbreaks to all 
norovirus outbreaks will therefore provide insight into the 
cost-effectiveness of such efforts.

We studied whether the genotype frequency distribu-
tions (genotype profi les) of strains can be used to differen-
tiate foodborne outbreaks related to contamination early in 
the food chain (i.e., during primary production) from those 
related to contamination later in the food chain (i.e., dur-
ing preparation or serving). If so, detection of food origins 
likely to cause geographically disseminated outbreaks will 
be enhanced. We considered methods for attribution to 
multiple sources commonly applied to Salmonella infec-
tions (13) because different transmission routes involved 
in norovirus infections can disguise the foodborne origin. 
However, such methods require strain collections represen-
tative of noroviruses in the potential sources that are as yet 
unavailable because of diffi culties in the direct detection of 
viruses in food (14–16). Therefore, we compared 2 strain 
collections: noroviruses identifi ed through fi lter-feeding bi-
valve mollusk monitoring representing source contamina-
tion of food and noroviruses collected through systematic 
surveillance of illness in the population. The fi rst was col-
lected by the European Community Reference Laboratory 
for Monitoring Bacteriological and Viral Contamination of 
Bivalve Mollusks during 1995–2004 (17) and the second 
by the Food-Borne Viruses in Europe (FBVE) network, 
which has conducted surveillance for norovirus outbreaks 
in Europe since 1999. Prior investigation of the FBVE da-
tabase of systematically collected epidemiologic and mi-
crobiological norovirus surveillance data (6) showed that 
the epidemiology of norovirus outbreaks in Europe varies 
between genogroups. An analysis of the properties of re-
ported outbreaks indicated a clear difference between GII.4 
strains and other noroviruses; non-GII.4 strains were found 
more frequently in outbreaks with a foodborne mode of 
transmission, and GII.4 strains were found more frequently 
in healthcare settings with person-to-person transmission 
(18,19). Here we demonstrate that further specifi cation into 
genotypes shows additional differences in the epidemiol-
ogy of norovirus outbreaks.

Methods

Data Sources
We used 2 broad databases refl ecting norovirus preva-

lence within the European countries under surveillance. 
These databases provided us the opportunity to compare 
genotype proportions as detected in outbreaks, i.e., human 
surveillance data, with those detected in source-contaminat-
ed food products, i.e., bivalve mollusks monitoring data. 

Human Surveillance Data
From January 1999 through December 2004, FBVE 

collected molecular information on 2,727 norovirus out-
breaks and sporadic cases in Denmark, Finland, France, 
Germany, England and Wales, Hungary, Ireland, Italy, the 
Netherlands, Norway, Sweden, Slovenia, and Spain (20,21). 
Although the name FBVE suggested a foodborne focus, the 
network actually investigated outbreaks from all modes of 
transmission to obtain a comprehensive overview of viral 
activity in the community (strengths and limitations of the 
FBVE data collection were described by Kroneman et al. 
[20]; to compare newly detected strains with the FBVE da-
tabase and fi nd potential linked outbreaks, we used a com-
parison tool [www.rivm.nl/bnwww]). Data were reported 
to FBVE at outbreak level; therefore, no informed consent 
was needed. Outbreaks were categorized as follows on the 
basis of the cause of infection as reported in the surveil-
lance system:

• Foodborne-food (FB-food) when an outbreak 
was reported to be caused by food and the 
outbreak strain was detected in food;

• Foodborne-feces (FB-feces) when an outbreak 
was reported to be caused by food and the 
outbreak strain was detected in human feces 
only;

• Foodborne (FB) when an outbreak was 
classifi ed as FB-food or FB-feces;

• Food handler–borne (FHB) when an outbreak 
was reported to be caused by an infected food 
handler contaminating the food and the outbreak 
strain was detected in human feces;

• Person-borne (PB) when an outbreak was 
reported to be caused by person-to-person 
transmission and the outbreak strain was 
detected in human feces;

• Unknown (UN) when the mode of transmission 
was not reported or was reported to be unknown 
and the outbreak strain was detected in human 
feces.
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When the mode of transmission was not reported but 
information was given in text data fi elds, this information 
was used to categorize the outbreak. Because we were 
interested in the origin of the virus, we categorized out-
breaks involving PB transmission but starting with food as 
FB-food, FB-feces, or FHB, depending on available infor-
mation. Strains detected in sporadic cases were clustered 
into outbreaks if information was available. The remaining 
strains detected in sporadic cases were considered of inter-
est with respect to the genotypes causing human illness and 
representative of potential unreported outbreaks. When we 
detected multiple genotypes during an outbreak or in spo-
radic cases, we recorded each genotype.

Bivalve Mollusk Monitoring Data
The European Community Reference Laboratory for 

Monitoring Bacteriological and Viral Contamination of Bi-
valve Mollusks systematically collected sequence data on 
norovirus strains routinely detected in bivalve mollusks in 
Europe. During January 1999–December 2004, the labo-
ratory systematically collected 295 strain sequences with 
region A sequence lengths varying from 76 to 78 nt. These 
strain sequences were detected as part of production area 
monitoring studies or outbreak investigations of gastroen-
teritis in Denmark, England and Wales, Ireland, Scotland, 
and Spain. All samples were fi rst routinely tested with 
GI and GII PCR methods; then all positive samples were 
cloned (22), resulting in a representative refl ection of noro-
virus presence in bivalve shellfi sh. If we detected multiple 
genotypes in 1 sample, we recorded each genotype.

Assignment of Genotypes
Strains were genotyped by using a previously de-

scribed method for sequence analysis of a fragment of 
the RNA-dependent RNA polymerase gene regions B, C, 
and D (23) because these regions were used in the FBVE 
network. From the start, the network used sequence-based 
genotyping of the then most commonly used diagnostic 
PCR fragment, targeting the RNA-dependent RNA poly-
merase gene. Since then, however, it has become clear that 
recombination is common and mainly occurs in the area be-
tween the overlap between the polymerase and the capsid 
gene. Therefore, capsid-based and polymerase-based typ-
ing may be discordant. Genotype assignment was therefore 
performed only after clustering of query strains against all 
relevant available sequences in the FBVE database (M. 
Koopmans et al., unpub. data). This process resulted in the 
genotyping of all but 68 (2%) strains. Genotypes were clas-
sifi ed on the basis of their similarity to reference strains 
representing known genotypes by using the norovirus 
typing library (www.noronet.nl/nov_quicktyping). If the 
(clustered) genotypes occurred <5 times in our 5-year cov-
ering data selection, the frequencies were considered too 

low to be ascribed a separate genotype and excluded. This 
was the situation for GII.18 and 6 clusters of nonassigned 
GII strains (n = 25, 1%).

Data Analysis
First, we compared the genotype frequency distribu-

tions detected in outbreak categories reported as FB-food, 
FB-feces, FHB, PB, and UN and in routinely tested bivalve 
mollusks. To evaluate the correlation and measures of asso-
ciation of these 6 proportional profi les, Pearson correlation 
coeffi cient ρ was calculated on the basis of frequencies (ρ1) 
and logarithm (ρ2) of the frequencies of 22 genotypes, as 
well as Cramer V and simulated p values by using 20,000 
replications with the exact variant of the χ2 test. The explor-
atory technique correspondence analysis allows for exam-
ining the structure of categorical variables in a multiway 
table and was used to visualize the measure of correspon-
dence in the 6 genotype profi les. p values <0.05 were con-
sidered signifi cant.

Second, to differentiate the remaining genotype pro-
fi les detected in outbreaks, we used the genotype profi les of 
the 2 main transmission modes to be distinguished during 
an outbreak investigation. For each genotype in the human 
surveillance collection, the fraction of outbreaks of known 
origin being FB (i.e., FB-food and FB-feces) or PB was 
estimated on the basis of the proportion of FB outbreaks of 
all FB + PB outbreaks in each genotype. We used the esti-
mated proportion of FB outbreaks of all FB + PB outbreaks 
in each genotype to estimate the probability that an FHB 
or UN outbreak was foodborne. We calculated 95% con-
fi dence intervals (CIs) using Monte Carlo simulation with 
10,000 random draws from the β distributions, which are 
the posterior probabilities of the proportions (24).

Results
Of 3,022 detected noroviruses, 25 (1%) were excluded 

because of low frequencies; for 68 (2%), assignment of a 
genotype was not possible because of short sequences or in-
ability of the method applied to type the detected norovirus 
beyond its genogroup. Of the remaining 2,929 strains, 71 
(2%) could not be linked to epidemiologic data, and there-
fore their origin remained unknown, leaving 2,858 (95%) 
strains for analysis: 922 originating from PB outbreaks, 24 
from FB-food outbreaks, 151 FB-feces outbreaks, 20 FHB 
outbreaks, 1,446 UN outbreaks, and all 295 bivalve mol-
lusk monitoring strains. Among the outbreaks of known 
origin, 175 (16%) of 1,117 were reported to be FB (i.e., 
FB-food and FB-feces).

The proportion of genogroup I was signifi cantly higher 
in bivalve mollusks (137/295, 46%) than in infected hu-
mans (313/2,539, 12%) (Table 1). All genotypes detected 
in bivalve mollusks were also detected in humans; however, 
9 genotypes causing human illness were not detected in bi-
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valve mollusks. Overall, the II.4 genotype was responsible 
for most of the human outbreaks (1,326/2,539, 52%), fol-
lowed by II.b (328/2,539, 13%) and II.7 (156/2,539, 6%).

We visualized genotype frequency distributions as 
profi les for the observed categories of outbreaks and 
sorted them for their relevance in UN outbreaks, present-
ed with different scales allowing for proportional com-
parison (online Appendix Figure 1, www.cdc.gov/EID/
content/16/4/617-appF1.htm). The genotype profi les vary 
between these groups. The correlation coeffi cients based 
on frequencies, ρ1, showed that 2 genotype profi les were 
distinguishable (Table 2): 1 profi le typically seen in human 
feces (FB-feces, FHB, or PB), and another profi le typi-
cally detected in sources other than human feces, i.e., in 
food (FB-food) or bivalve mollusks. The ρ1 refl ects some 
genotypes frequently and others rarely seen in FB-food and 
bivalve mollusks. Because FB-food strains include oyster-
related outbreaks as well, we assumed that the correlation 
between FB-food and bivalve mollusks can be explained 
partly by these oyster-related outbreaks. We therefore cal-
culated an additional correlation coeffi cient using the 14 
strains detected in food items other than bivalve mollusks. 
Despite low numbers, this calculation resulted in a high, 

signifi cant correlation coeffi cient (ρ = 0.81, p <0.001). The 
logarithm of the frequencies, ρ2 (Table 2), is less sensitive 
to peak frequencies of genotypes and therefore capable of 
differentiating profi les with respect to the rare genotypes 
and approaching the Cramer V. Cramer V and ρ2 show less 
clear association of profi les, with diverging results for the 
FHB and UN profi les.

Table 2 shows the quantifi cation of association; the 
associated genotype profi les illustrated by correspondence 
analysis is shown in the Figure. The values of the 6 col-
umns in Table 1 can be considered coordinates in a 6-di-
mensional space, and the distances are computed. These 
distances summarize information about the similarity be-
tween the rows in Table 1. Dimension 1 may be considered 
to differentiate transmission modes explaining 59.12% of 
the correspondence, confi rming that the profi les found in 
bivalve mollusks and FB-food are similar with regard to the 
pattern of relative frequencies in genotypes (rows in Table 
1) and differ from those in PB. It also shows that the FHB, 
UN, and FB-feces profi les are mutually similar, with their 
distance somewhere between the PB and FB-food/bivalve 
mollusk profi les. Dimension 2 may represent dual origin, 
explaining an additional 31.40%, showing that FB-feces, 
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Table 1. Number of norovirus strains detected in samples from humans, bivalve mollusks, and food, 1999–2004* 
Genotypes Human surveillance, no. strains Bivalve monitoring, 

no. strains 
Total no. 
strains Pol-based Cap-based FB-food FB-feces FHB PB UN 

Genogroups 
I.1 I.1 1 8 0 5 18 0 32
I.2 0 6 0 1 32 8 47
I.3 I.3 0 8 3 16 80 13 120
I.4 I.4 9 8 1 8 46 86 158
I.5 0 0 0 1 5 3 9
I.6 I.6 2 3 1 21 17 25 69
I.7 0 1 0 0 7 2 10

NA I.a NA I.a 0 1 0 0 4 0 5
II.1 0 5 2 12 94 7 120
II.2 II.2 0 13 1 27 66 0 107
II.3 0 1 0 1 38 11 51

II.3R II.3 0 1 0 1 41 2 45
II.4 II.4 5 47 9 681 584 63 1,389 
II.5 0 3 0 6 12 0 21
II.8 1 0 1 1 13 0 16

NA II.a 0 0 0 2 7 0 9
NA II.c 0 2 0 8 31 1 42
NA II.d 0 1 0 3 8 0 12

IV.1 0 2 0 1 8 0 11
Recombinants

NA II.b II.1, II.2, II.3 4 23 1 100 200 63 391
II.1 II.10 0 0 0 8 19 11 38
II.7 II.6, II.7 2 18 1 19 116 0 156

Total 24 151 20 922 1,446 295 2,858 
*Pol, polymerase; Cap, capsid; FB-food, foodborne-food, i.e., an outbreak was reported to be caused by food and the outbreak strain was detected in 
food; FB-feces, foodborne-feces, i.e., an outbreak was reported to be caused by food and the outbreak strain was detected in human feces only; FHB, 
food handler–borne, i.e., an outbreak was reported to be caused by an infected food handler contaminating the food and the outbreak strain was detected 
in human feces; PB, person-borne, i.e., an outbreak was reported to be caused by person-to-person transmission and the outbreak strain was detected in 
human feces; UN, unknown, i.e., the mode of transmission was not reported or was reported to be unknown and the outbreak strain was detected in 
human feces. 
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FHB, and UN mutually correspond and differ from FB-
food, bivalve mollusks, and PB that mutually correspond.

When we compared the proportions of genotypes de-
tected in FB outbreaks with those in PB outbreaks, we de-
tected genotypes I.2 and I.4 signifi cantly more frequently 
in FB outbreaks (online Appendix Figure 2, www.cdc.
gov/EID/content/16/4/617-appF2.htm). On the other hand, 
genotypes I.6, II.1W, II.2, II.4, II.b, II.c, and II.d were de-
tected signifi cantly more frequently in PB outbreaks. Us-
ing these proportional FB and PB genotype profi les and 
their confi dence intervals to distinguish between FB and 
PB transmission among 20 FHB outbreaks, we could as-
cribe 5 (95% CI 4–6) to FB and 15 (95% CI 14–16) to PB 
transmission. Ascribing 1,446 unexplained human norovi-
rus outbreaks to either FB or PB transmission resulted in 
≈367 (95% CI 327–417) FB outbreaks and ≈1,079 (95% CI 
1,026–1,120) PB outbreaks. Overall, use of the genotype 
patterns increases the estimated number of FB proportion 
of outbreaks to 21% (547/2,563; range 20%–23%) com-
pared with the 16% previously mentioned among the out-
breaks of known origin.

Discussion
Our combined epidemiologic and virologic analysis 

demonstrated that norovirus genotype profi les, derived from 
long-term norovirus strain collections, can be used to dif-

ferentiate foodborne outbreaks caused by food contamina-
tion early in the food chain from those caused by food han-
dlers contaminating food. Our study is one step in deriving 
practical applicable information from the existing record 
and possible only through the availability of continuously 
updated databases containing detailed epidemiologic data 
and virus characterization. We confi rmed a signifi cant dif-
ference in the GI:GII ratio; GI strains were more prevalent 
in bivalve mollusks. On the basis of the 5-year strain col-
lections, some genotypes (I.2 and I.4) suggest FB instead 
of PB preference, and others (II.2 and II.6/II.7) are com-
monly seen in outbreaks but not detected in bivalve mol-
lusks (and FB-food). Strains detected in food that caused 
outbreaks (FB-food) showed a genotype profi le similar to 
those in bivalve mollusk monitoring and dissimilar to the 
profi le detected in human feces (i.e., FB-feces, FHB, PB, 
UN) with respect to the frequently seen genotypes. This 
fi nding may refl ect the ability of these genotypes to survive 
outside humans or their diminished ability to spread or rep-
licate within the human population. Genotype profi les of 
FHB and UN resulted in diverging association outcomes, 
which may refl ect their potential dual origin.

Although consumption of contaminated food causes 
both types of outbreaks, outbreaks resulting from infected 
food handlers clearly necessitate different measures than 
do outbreaks resulting from food contaminated early in the 
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Table 2. 1, 2, and Cramer V results with simulated p values (20,000 replications) of norovirus 6 genotype patterns as detected in 
routinely tested bivalve shellfish and during norovirus outbreaks, 1999–-2004* 

Source
FB-food
(p value) 

FB-feces
(p value) 

FHB
(p value) 

PB
(p value) 

UN
(p value) 

Bivalve mollusk 
(p value) 

FB-food 
 1 1.00 0.48 (0.02) 0.40 (0.07) 0.43 (0.04) 0.48 (0.02) 0.91 (<0.01) 
 2 0.46 (0.03) 0.15 (0.51) 0.34 (0.12) 0.24 (0.26) 0.47 (0.03) 
 Cramer V 0.47 (0.01) 0.62 (0.04) 0.48 (<0.01) 0.26 (<0.01) 0.41 (0.02) 
FB-feces
 1 1.00 0.93 (<0.01) 0.92 (<0.01) 0.96 (<0.01) 0.53 (0.01) 
 2 0.40 (0.06) 0.55 (<0.01) 0.66 (<0.01) 0.69 (<0.01) 
 Cramer V  0.34 (0.41) 0.43 (<0.01) 0.19 (<0.01) 0.57 (<0.01) 
FHB
 1 1.00 0.97 (<0.01) 0.93 (<0.01) 0.43 (<0.05) 
 2 0.22 (0.32) 0.39 (0.07) 0.47 (0.03) 
 Cramer V 0.25 (<0.01) 0.09 (0.75) 0.46 (<0.01) 
PB
 1 1.00 0.96 (<0.01) 0.51 (0.01) 
 2 0.61 (<0.01) 0.53 (0.01) 
 Cramer V 0.42 (<0.01) 0.63 (0.01) 
UN
 1 1.00 0.59 (<0.01) 
 2 0.65 (<0.01) 
 Cramer V 0.48 (<0.01) 
Bivalve mollusk 1.00
* 1 = based on frequencies; 2 = based on logarithm of frequencies; Cramer V, 2 test with simulated p values; FB-food, foodborne-food, i.e., an outbreak 
was reported to be caused by food and the outbreak strain was detected in food; FB-feces, foodborne-feces, i.e., an outbreak was reported to be caused 
by food and the outbreak strain was detected in human feces only; FHB, food handler–borne, i.e., an outbreak was reported to be caused by an infected 
food handler contaminating the food and the outbreak strain was detected in human feces; PB, person-borne, i.e., an outbreak was reported to be caused 
by person-to-person transmission and the outbreak; strain was detected in human feces; UN, unknown, i.e., the mode of transmission was not reported or 
was reported to be unknown and the outbreak strain was detected in human feces. 
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food chain. Consequently, differentiation of these modes 
of transmission is of interest to food safety authorities and 
public health institutions. Food handler–borne outbreaks 
are end-of-chain outbreaks easily recognized as such, as 
numerous outbreak reports illustrate (25–29). Such out-
breaks can be prevented or limited by exclusion of infected 
or shedding food handlers from work until 48–72 hours af-

ter recovery (25,27,29,30), education of food handlers (26), 
and standard testing of food handlers during outbreaks 
(28). A common source of contamination early in the food 
chain, however, may be more diffi cult to detect. Such con-
tamination may result from sewage infl ux containing mul-
tiple viruses (8,9,31), making a link diffi cult to identify 
(31). Moreover, sewage most likely contains noroviruses 
from person-to-person outbreaks, which can contaminate 
the food and thereby dilute the genotype profi ling effect. 
Use of genotype profi les is a fi rst step toward recognizing 
outbreaks resulting from contamination early in the food 
chain because it allows estimation of the incidence in sur-
veillance data retrospectively and objectively minimizes 
misclassifi cation of outbreaks. However, genotyping data 
need to be interpreted with care, and continuous updating 
of the database remains necessary.

Our study has some limitations. First, our measures of 
association could not detect differences between genotype 
profi les with respect to the rare genotypes. Even so, the rare 
outbreak or sporadic strains are of interest because they 
may represent potential emerging or zoonotic genotypes 
with consequences for public health. Types that were ini-
tially rare may remain in human surveillance, as seen with 
the emergence of GII.b after a large waterborne outbreak 
(10) followed by, among others, foodborne distribution 
throughout Europe. Since then, GII.b strains have caused 
13% of all outbreaks (Table 1), now mainly PB, suggesting 
good adaptation. On the other hand, if the rare types are 
unable to adapt for persistence in the human population, 
they may be repeatedly reintroduced, causing only sporad-
ic cases but not outbreaks. This repeated introduction of 
sporadic cases would remain undetected at present because 
routine surveillance for sporadic cases is rare (32) and is 
not the current practice of FBVE. To identify the origin of 
newly emerging and rare strains, systematic monitoring of 
additional potential sources, such as cattle and swine (33) 
as well as sporadic human cases, is necessary.

Second, in our analysis, the transmission route was 
reported as unknown for 57% of outbreak strains. Incom-
pleteness of surveillance data is a common problem (34) 
and has been recognized in surveillance of foodborne viral 
infections (35), including in the FBVE database (19,20). 
Incomplete data may have resulted in underestimation of 
the number of foodborne outbreaks because they may be 
complicated to identify. Food safety authorities routinely 
confi rm FB clusters by detecting pathogens in food, but 
such confi rmation is diffi cult for viruses because viruses, 
unlike bacteria, do not replicate in food, resulting in a low 
viral load for extraction and concentration. In addition, 
the matrix involved may complicate these procedures, 
and successful detection methods are available primarily 
for fresh produce with surface contamination and virus-
accumulating shellfi sh (36,37). However, knowledge of 
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Figure. Two-dimensional display of the correspondence analysis of 
6 norovirus genotype profi les based on nucleotide sequences in 
which points close to each other are similar with regard to the pattern 
of relative frequencies across genotypes. Dimension 1 explains 
59.12% and dimension 2 an additional 31.40%. In dimension 1, 
foodborne-feces (FB-feces; i.e., outbreak reported to be caused by 
food with the outbreak strain detected in human feces only) and 
bivalve mollusk (BM) genotype profi les are mutually similar and 
differ from other profi les; the most distinct profi le is person-borne 
(PB; i.e., an outbreak reported to be caused by person-to-person 
transmission with the outbreak strain detected in human feces). In 
dimension 2, food handler–borne (FHB; i.e., outbreak reported to be 
caused by an infected food handler contaminating the food with the 
outbreak strain detected in human feces), FB-feces, and unknown 
(UN; i.e., mode of transmission was not reported or was reported 
to be unknown with the outbreak strain detected in human feces) 
mutually correspond and differ from the mutually corresponding 
foodborne-food (FB-food;  i.e., outbreak reported to be caused by 
food with the outbreak strain detected in food), BM, and PB. 
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the prevalence of strains in the environment, foods, and 
humans is necessary for the interpretation of matching. 
Such knowledge requires monitoring, which is limited to 
shellfi sh and norovirus outbreaks (38). For monitoring of 
foods other than shellfi sh, methods sensitive enough to 
detect viruses in naturally contaminated (and not spiked) 
food are required. The technical advisory group (TAG 4) 
of the Viruses in Food workgroup (WG 6) in the Techni-
cal Committee of Horizontal Methods for Food Analysis 
(TC 275) of the European Committee for Standardization 
(CEN) is validating standard methods for norovirus detec-
tion in bivalve mollusks, soft fruit, leafy vegetables, and 
bottled water (39). Until such methods are available and 
provide knowledge about the prevalence of viral presence 
in foods, the use of genetic profi les retrospectively derived 
from outbreak surveillance data is likely to improve food-
borne viral surveillance. Because the norovirus strain pop-
ulation is continuously evolving, our analysis needs to be 
repeated periodically to ensure that retrospective fi ndings 
remain predictive.

Third, international comparison of norovirus strains 
is complicated because of their genetic diversity and the 
involvement of several laboratories in diagnosis; conse-
quential different assays result in sequences with diverging 
lengths and from diverging genomic regions. However, this 
limitation is not likely to have infl uenced our results because 
it affects mostly the comparison of sequence clusters and not 
genotypes. Moreover, within FBVE, standardization of di-
agnostic methods occurs by having participating laboratories 
regularly test a representative panel of fecal samples (40).

We showed that norovirus genotype profi les can be 
used to estimate the foodborne proportion of norovirus 
outbreaks while excluding those of the food handler as a 
source. Distinction at genogroup level had already indicat-
ed epidemiologic differences (19), and we have now dem-
onstrated that genotype profi les can be used to differentiate 
transmission modes. The profi les and proportions are likely 
to be helpful for estimating the number of outbreaks with 
potential of causing geographically disseminated outbreaks. 
Because identifi cation and investigation of such outbreaks 
provides insight into effective prevention measures during 
the production process, detection should enable contain-
ment of viral foodborne infection and thus prevent further 
spread and the consequent potential for large numbers of 
human infections.
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G11 rotaviruses are believed to be of porcine origin. 
However, a limited number of G11 rotaviruses have been 
recently isolated from humans in combination with P[25], 
P[8], P[6], and P[4]. To investigate the evolutionary relation-
ships of these strains, we analyzed the complete genomes 
of 2 human G11P[25] strains, 2 human G11P[8] strains, and 
3 porcine reference strains. Most of the 11 gene segments 
of these 7 strains belonged to genotype 1 (Wa-like). How-
ever, phylogenetic clustering patterns suggested that an 
unknown G11P[25] strain with a new I12 VP6 genotype was 
transmitted to the human population, in which it acquired 
human genotype 1 gene segments through reassortment, 
resulting in a human G11P[8] rotavirus strain with an entire 
human Wa-genogroup backbone. This Wa-like backbone is 
believed to have caused the worldwide spread of human G9 
and G12 rotaviruses. G11 human rotavirus strains should 
be monitored because they may also become major human 
pathogens.

Group A rotaviruses are the most frequently detected 
viral cause of diarrhea in children worldwide and 

cause ≈600,000 deaths in children <5 years of age annu-
ally, mainly in developing countries (1). Rotaviruses have 
a genome composed of 11 segments of double-stranded 
RNA that encodes 6 structural (VP) and 5 or 6 nonstructur-
al (NSP) proteins (2). The 2 outer capsid proteins VP7 and 
VP4 are the basis for a widely used dual classifi cation sys-

tem defi ning G-types and P-types, respectively. Currently 
23 G-genotypes and 31 P-genotypes have been described, 
of which 12 of each type have been found in human rotavi-
rus isolates (3–9). However, only a limited number of G/P-
genotype combinations are found frequently in humans, 
such as G1P[8], G2P[4], G3P[8], G4P[8], and G9P[8], and, 
more recently, the G12 genotype in combination with P[8] 
or P[6] (10). It has been hypothesized that the G9 and G12 
genotypes have been able to successfully infect, spread, 
and persist in humans because of reassortment events with 
human Wa-like rotavirus strains, which has resulted in the 
G9 and G12 rotaviruses combining with P[8] and the 9 re-
maining gene segments belonging to genotype 1 (10).

A nucleotide sequence–based classifi cation and no-
menclature system encompassing the 11 rotavirus genome 
segments has been introduced recently, and it defi nes geno-
types for each of the 11 gene segments (11). This system 
has been useful in investigating reassortment events and in-
terspecies transmission of rotaviruses and their interhost re-
lationships (5,12–20). In this system, the VP1–VP3, VP6, 
and NSP1–NSP5 genotypes comprising Wa-like strains 
have been designated as genotype 1 (R1, C1, M1, I1, A1, 
N1, T1, E1, and H1, respectively), and DS-1 and AU-1-
like strains have been designated as genotypes 2 and 3, re-
spectively (11). A Rotavirus Classifi cation Working Group 
(RCWG) was formed to maintain and update this system 
and to assign successive genotype numbers to newly dis-
covered rotavirus genotypes (21).

G11 rotaviruses are believed to be circulating in pigs, 
albeit in low numbers. Only 2 G11P[7] porcine strains 
have been isolated, strain YM in Mexico in 1983 and strain 
A253 in Venezuela in 1989 (22,23). Each of these porcine 
strains was identifi ed as a single isolate in large strain col-
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lections obtained during epidemiologic surveys. In subse-
quent years, no additional G11 strains were detected in the 
same or nearby pig farms. However, more than a decade 
after the detection of these 2 porcine G11 strains, several 
reports have described the isolation of G11 rotavirus strains 
from humans. Three G11 rotaviruses, Dhaka6, KTM368, 
and CRI 10795, have been found in combination with the 
rare human genotype P[25] in India (24), Bangladesh (25), 
and Nepal (26). Furthermore, G11 human rotaviruses have 
been found in combination with P[8] (Matlab36–02 and 
Matlab22–01), with P[6] in Ecuador (EC2184) (27) and 
Bangladesh (Dhaka13–06) (28) and with P[4] (CUK-1) in 
South Korea (29).

It was recently suggested that human rotavirus strains 
belonging to the Wa-like genogroup and porcine rotavi-
ruses have a common origin (11). This report prompted us 
to investigate the level of genetic relatedness, and possibly 
evolutionary origins, between these unusual human G11 
rotavirus strains and porcine rotavirus strains by complete 
genome analyses of 2 human G11P[25] strains (KTM368 
and Dhaka6), 2 human G11P[8] strains (Matlab36–02 and 
Dhaka22–01), and 3 cell culture–adapted porcine strains 
YM (G11P[7]), Gottfried (G4P[6]), and OSU (G5P[7]).

Methods

Strain Collection
Strain KTM368 (G11P[25]) was isolated in Nepal in 

2004 (26), and rotavirus strains Dhaka6 (G11P[25]), Dha-
ka22–01 (G11P[8]), and Matlab36–02 (G11P[8]) were iso-
lated in Bangladesh in 2001, 2001, and 2002, respectively 
(25,28). Double-stranded RNA of tissue culture–adapted 
reference porcine strains YM (G11P[7]), isolated in Mexi-
co in 1983 (23), and OSU (G5P[7]) and Gottfried (G4P[6]) 
isolated in the United States in 1976 (30), was used in our 
study.

RNA Extraction and Reverse Transcription–PCR
Virus RNA was extracted by using a QIAamp Viral 

RNA Mini Kit (QIAGEN, Leusden, the Netherlands) ac-
cording to the manufacturer’s instructions. Extracted RNA 
was denatured at 97°C for 5 min, and reverse transcription–
PCR was performed by using the OneStep RT-PCR Kit 
(QIAGEN). Forward and reverse primers used for amplifi -
cation of different gene segments were synthesized on the 
basis of alignments of known 5′ and 3′ sequences of respec-
tive gene segments found in GenBank (primers are avail-
able upon request from J.M.). PCRs were performed by us-
ing an initial reverse transcription step at 50°C for 30 min, 
followed by PCR activation at 95°C for 15 min, 40 cycles 
of amplifi cation, and a fi nal extension at 72°C for 10 min 
in a BiometraT3000 Thermocycler (Biometra, Westburg, 
the Netherlands). Cycle conditions for the amplifi cation of 

VP1, VP2, VP3, and VP4 were 30 s at 94°C, 30 s at 50°C, 
and 6 min at 70°C. For other gene segments, conditions 
were 30 s at 94°C, 30 s at 45°C, and 3 min at 72°C.

Nucleotide Sequencing
PCR products were purifi ed with the MSB Spin PCRa-

pace Kit (Invitek, Berlin, Germany) and sequenced by using 
the dideoxy-nucleotide chain termination method with the 
ABI PRISM BigDye Terminator Cycle Sequencing Reac-
tion Kit (Applied Biosystems, Foster City, CA, USA) in an 
ABI PRISM 3100 automated sequencer (Applied Biosys-
tems). Complete 5′ and 3′ terminal nucleotide sequences of 
the 11 gene segments were determined by using a modifi ed 
rapid amplifi cation of cDNA ends technique as described 
(15).

Nucleotide and Protein Sequence Analysis
Chromatogram sequencing fi les were analyzed by us-

ing Chromas 2.3 (Technelysium, Helensvale, Queensland, 
Australia), and contigs were prepared by using SeqMan 
II (DNASTAR, Madison, WI, USA). Multiple sequence 
alignments were constructed in ClustalX 2 (31) and subse-
quently edited in MEGA4 (32).

Phylogenetic Analysis
Phylogenetic and molecular evolutionary analyses 

were conducted by using MEGA4 (32). Genetic distances 
were calculated by using the Kimura-2 correction param-
eter at the nucleotide level, and phylogenetic trees were 
constructed by using the neighbor-joining method with 500 
bootstrap replicates.

Assignment of Newly Identifi ed Genotypes
Genotypes of each of the 11 genome segments for 

all the rotavirus strains under investigation were deter-
mined according to the genotyping recommendations of 
the RCWG by using the RotaC rotavirus genotyping tool 
(21,33). Because the sequences of the VP6 gene segment 
of strain KTM368 did not belong to any of the established 
VP6 I genotypes, it was submitted to the RCWG for appro-
priate genotype assignment. GenBank accession numbers 
for each of the gene segments of strains Dhaka6, KTM368, 
Dhaka22–01, Matlab36–02, YM, OSU, and Gottfried are 
shown in online Technical Appendix 1 (www.cdc.gov/
EID/content/16/4/625-Techapp1.pdf).

Results
Complete genome sequences of 3 human rotavirus 

strains (Dhaka6, KTM368, and Matlab36–02) were deter-
mined. For strain Dhaka22–01, only short nucleotide se-
quences ranging from 199 to 962 nt per segment could be 
determined because of insuffi cient sample. For porcine ro-
tavirus strains YM, OSU, and Gottfried, variable amounts 
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of gene sequences have been reported. We sequenced the 
remaining porcine rotavirus gene segments (online Techni-
cal Appendix 1).

Genotyping
According to guidelines of the RCWG, all gene seg-

ments belonged to established genotypes, except for the 
VP6 gene segment of KTM368 (21). This sequence was 
submitted to the RCWG, accepted as a new VP6 geno-
type, and designated I12. Complete genotype assignments 
of the 6 strains fully sequenced and reference strain Wa 
are shown in Table 1. All 3 human G11 strains have gene 
segments belonging to genotype 1 for the gene segments 
encoding VP1–VP3 and NSP1–NSP5. The VP4-encoding 
gene segment of human strains KTM368 and Dhaka6 had 
the unusual P[25] genotype, and human strains Matlab36–
02 and Dhaka22–01 had the typical human P[8] genotype. 
With regard to VP6-encoding gene segments, only the hu-
man strain KTM368 from Nepal had the I12 genotype, and 
other human rotavirus strains isolated in Bangladesh had 
the typical human Wa-like VP6 genotype I1. The 3 porcine 
rotavirus strains YM, Gottfried, and OSU all had genotype 
1 gene segments for VP1–VP3 and NSP2–NSP5 and the 
expected different G (G11, G4, and G5) and P (P[7] and 
P[6]) genotypes. The VP6 and NSP1 genotypes were either 
I1 or I5 and A1 or A8, respectively (Table 1).

For several gene segments of the partially sequenced 
strains Dhaka22–01, insuffi cient sequence data were avail-
able for a defi nitive classifi cation according to the guide-
lines of the RCWG (21). However, when available sequence 
data of strain Dhaka22–01 were compared pairwise with 
those of the other human G11 strains, sequences of VP7, 
VP6, and VP4 of strain Dhaka22–01 were nearly identical 
with those of the strain Matlab36–02 (99.8%, 99.0% and 
98.4% identity at the nucleotide level, respectively)  (online 
Technical Appendix 1). In addition, for the VP1–VP2 and 
NSP1–NSP5 gene segments of strain Dhaka22–01, high 
identities (range 97.9%–100%) at the nucleotide level were 
found between strain Dhaka22–01 and the other human 
Wa-like G11 strains. For the VP3 gene segment, identities 
between strain Dhaka22–01 and strains KTM368, Dhaka6, 
and Matlab36–02 were low (range 86.3%–86.7%), and the 

VP3 gene segment of strain Dhaka22–01 was closely re-
lated to strains in the human M1 subcluster (99.6% identity 
with strain Dhaka12–03). These fi ndings suggest a typical 
human Wa-like origin for Dhaka22-01 (online Technical 
Appendix 1).

Phylogenetic and Pairwise Identity Analyses
To study the relationships between human G11 and 

porcine rotavirus strains in greater detail, we constructed 
phylogenetic trees by using entire open reading frame nu-
cleotide sequences for the 11 gene segments (online Tech-
nical Appendix 2, www.cdc.gov/EID/content16/4/625-
Techapp2.pdf). For VP7, strains KTM368, Dhaka6, and 
Matlab36–02 cluster closely within the G11 genotype, to-
gether with the G11P[8] strain CUK1 from South Korea; 
the porcine G11 rotavirus strains YM and A253 are more 
distantly related (online Technical Appendix 2). For VP6, 
strain KTM368 (genotype I12) was only distantly related 
to strains belonging to genotype I1. Human strains Dhaka6 
and Matlab36–02 cluster in a large I1 subcluster, which 
contains mainly human and a few porcine strains isolated 
in Bangladesh, Belgium, the United States, Thailand, India, 
Australia, and Japan (online Technical Appendix 2). For 
VP4, strains KTM368 and Dhaka6 cluster closely in the 
rare P[25] genotype, whereas strain Matlab36–02 is closely 
related to recently isolated P[8] human strains from Ban-
gladesh, Belgium, South Korea, and the Democratic Re-
public of the Congo (online Technical Appendix 2).

In the phylogenetic trees of the remaining 8 gene seg-
ments (VP1–VP3 and NSP1–NSP5), at least 1 major hu-
man monophyletic subcluster could be distinguished within 
genotype 1. We also observed 1 major porcine genotype 1 
subcluster, a fi nding that is consistent with the assumption 
that Wa-like human rotavirus strains and porcine rotavirus-
es have a common ancestor (online Technical Appendix 2) 
(11). Several gene segments of human G11 strains cluster 
closely in human genotype 1 subcluster, but a few of them 
did not cluster closely with any known human or porcine 
rotavirus strains and formed a distinct (nonhuman, nonpor-
cine) branch or subcluster within genotype 1.

For the VP2 and NSP1 gene segments, human strains 
KTM368, Dhaka6, and Matlab36–02 clustered closely 
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Table 1. Genomic constellation of 3 human rotavirus strains, 3 porcine strains, and human reference strain Wa* 
Strain VP7 VP4 VP6 VP1 VP2 VP3 NSP1 NSP2 NSP3 NSP4 NSP5
Hu/Wa G1 P[8] I1 R1 C1 M1 A1 N1 T1 E1 H1
Hu/KTM368 G11 P[25] I12 R1 C1 M1 A1 N1 T1 E1 H1
Hu/Dhaka6 G11 P[25] I1 R1 C1 M1 A1 N1 T1 E1 H1
Hu/Matlab36–02 G11 P[8] I1 R1 C1 M1 A1 N1 T1 E1 H1
Po/YM G11 P[7] I5 R1 C1 M1 A8 N1 T1 E1 H1
Po/Gottfried G4 P[6] I1 R1 C1 M1 A8 N1 T1 E1 H1
Po/OSU G5 P[7] I5 R1 C1 M1 A1 N1 T1 E1 H1
*VP, structural protein; NSP, nonstructural protein; Hu, human; Po, porcine. Wa genogroup genotypes are indicated in green, G11 and the rare P[25]  
and I12 genotypes are indicated in orange, and typical porcine genotypes are indicated in blue. 
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within the genotype 1 (C1 and A1, respectively) human 
subcluster (online Technical Appendix 2). Regarding the 
VP1, NSP2, NSP3, NSP4, and NSP5 gene segments, hu-
man rotavirus strains Dhaka6 and Matlab36–02 are local-
ized within the human subcluster, whereas strain KTM368 
formed a distinct branch inside genotype 1 and did not 
cluster with any known human or porcine rotavirus strain 
(online Technical Appendix 2). For VP3, all 3 human G11 
strains (KTM368, Dhaka6, and Matlab36–02) belonged to 
a distinct subcluster inside the VP3 M1 genotype (online 
Technical Appendix 2).

Acquisition of Human Rotavirus Genes
The distinct genotype constellations (Table 2) dif-

fered in their degree of relatedness to typical human Wa 
genogroup rotavirus strains. With the exception of the G11 
genotype, human strain Dhaka22–01 is nearly indistinguish-
able from other locally or more distantly circulating human 
Wa-genogroup rotavirus strains, such as strains Dhaka16–03 
(G1P[8]) and Dhaka12–03 (G12P[6]) from Bangladesh or 
strain B4633–03 (G12P[8]) from Belgium, all isolated in 
2003 (online Technical Appendix 1) (19). Human strain 
Matlab36–02 is closely related to strain Dhaka22–01, except 
for the VP3 gene (online Technical Appendix 2), for which 
human strains KTM368, Dhaka6, and Matlab36–02 form a 
distinct subcluster inside the M1 genotype. This fi nding sug-
gests a recent reassortment event. Strain Dhaka6 is closely 
related to strain Matlab36–02 and only differs in the VP4 
genotype (P[25] versus P[8]), respectively (online Technical 
Appendix 2). This fi nding also suggests a recent reassortment 
event. Strain KTM368 from Nepal has VP2 and NSP1 gene 
segments that belong to the typical human subcluster within 
the C1 and A1 genotypes, respectively. All other gene seg-
ments belong to non–Wa-like genotypes (VP7: G11, VP4: 
P[25], and VP6: I12) or to a distinct subcluster or branch 
inside genotype 1 with an unknown origin.

There are 2 possible hypotheses for the observed ac-
quisition of human rotavirus genes by G11 strains. The 
fi rst hypothesis is that different human G11 virus strains 
described in this study may have originated from several 
unrelated interspecies transmission events of animal G11 

strains to humans, followed by reassortment events that 
involved Wa-like human strains. The second hypothesis 
is that a gradual acquisition of human rotavirus genes oc-
curred after 1 interspecies transmission event, followed by 
multiple successive reassortment events. The second hy-
pothesis is that a currently unknown ancestral rotavirus, 
of probable porcine origin and having the G11-P[25]-I12 
genotypes in a nonhuman Wa genogroup background, 
might have undergone multiple reassortment events with 
co-circulating human rotavirus strains, resulting in the dif-
ferent natural reassortant rotavirus strains described in this 
study. These reassortments resulted in a human G11P[8] 
rotavirus composed entirely of typical human genotype 1 
(Wa-like) RNA segments.

Discussion
G11 rotaviruses are considered porcine rotaviruses be-

cause they were fi rst isolated from pigs in Venezuela and 
Mexico in the 1980s (22,23,34). Although G11 porcine 
rotaviruses have been detected infrequently on pig farms 
(22,23,34), these viruses have been recently detected in hu-
mans in several locations (India, Bangladesh, Nepal, South 
Korea, and Ecuador) (24–29). Our data show that multiple 
reassortment events have occurred between porcine or hu-
man G11 rotaviruses and co-circulating human Wa-like 
rotavirus strains (all human G11 strains were isolated dur-
ing 2001–2006). In addition to G11 strains described in this 
study, another G11P[25] human rotavirus strain (CRI 10795) 
has been isolated in India, but only partial VP7, VP4, VP6, 
and NSP4 gene sequences of this strain are available (24). 
The CRI 10795 strain is yet another G11P[25] human rotavi-
rus variant with a VP6 gene of the human I1 genotype and an 
NSP4 gene of the nonhuman subcluster of the E1 genotype. 
This fi nding suggests that additional reassortments have oc-
curred between G11 and Wa-like strains.

Because the few human G11 strains investigated most 
likely represent only a small part of a complex set of events, 
our primary hypothesis of a linear stepwise acquisition of hu-
man rotavirus genes through successive reassortment events, 
which result in a human G11 rotavirus with an entire human 
Wa-like genomic background, may be oversimplifi ed. An 
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Table 2. Subcluster-based genomic constellation of 3 human rotavirus strains, 3 porcine strains, and human reference strain Wa*
Strain VP7 VP4 VP6 VP1 VP2 VP3 NSP1 NSP2 NSP3 NSP4 NSP5
Hu/Wa G1 P[8] I1 R1 C1 M1 A1 N1 T1 E1 H1
Hu/KTM368 G11 P[25] I12 R1 C1 M1 A1 N1 T1 E1 H1
Hu/Dhaka6 G11 P[25] I1 R1 C1 M1 A1 N1 T1 E1 H1
Hu/Matlab36–02 G11 P[8] I1 R1 C1 M1 A1 N1 T1 E1 H1
Po/YM G11 P[7] I5 R1 C1 M1 A8 N1 T1 E1 H1
Po/Gottfried G4 P[6] I1 R1 C1 M1 A8 N1 T1 E1 H1
Po/OSU G5 P[7] I5 R1 C1 M1 A1 N1 T1 E1 H1
*VP, structural protein; NSP, nonstructural protein; Hu, human; Po, porcine. Genotypes belonging to the Wa genogroup indicated in green in Table 1 are 
further subdivided into subclusters shown in green, purple, and light blue, based on phylogenetic trees shown in online Technical Appendix 2 
(www.cdc.gov/EID/content/16/4/625-Techapp2.pdf), to distinguish additional patterns. G11 and the rare P[25] and I12 genotypes are indicated in orange, 
and typical porcine genotypes are indicated in dark blue. 
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alternative hypothesis is that rare (porcine?) G11-P[25]-I12 
progenitor strains are more widely spread and that genes of 
such viruses were introduced into the human population by 
interspecies transmissions, followed by multiple independent 
reassortment events with human rotavirus strains (G1P[8], 
G3P[8], G4P[8], G9P[8]). These reassortments could have 
resulted in different numbers of porcine gene segments be-
ing transferred to human Wa-like rotaviruses, as described 
for the G11 strains used in this study. Reassortment of in-
dividual or small numbers of porcine rotavirus genes into 
human rotaviruses, which are well adapted to propagation in 
the human host, can result in a virus with a genetic makeup 
that is optimal for replication in the human host and spread in 
the human population. However, close phylogenetic cluster-
ing of most genes of different G11 strains (online Technical 
Appendix 2) suggests that these strains have a recent com-
mon ancestor and that gradual acquisition of human rotavi-
rus genes is a plausible hypothesis. 

The 2 hypotheses are not mutually exclusive, and a 
combination of both cannot be ruled out or proven at this 
time. In addition to G11P[25] and G11P[8] human rota-
viruses, G11 rotaviruses in combination with P[4] and 
P[6] genotypes have been isolated in Bangladesh (28) and 
South Korea (29). However, additional sequence data are 
not available for these strains, which are suggestive for ad-
ditional reassortment events with P[4] (DS-l like) and P[6] 
genotype rotaviruses. A recent report describes another 
human G11P[6] strain in Ecuador, which was found to be 
the likely result of reassortment between a typical porcine 
rotavirus and a human Wa-like rotavirus (27).

Early detection in ongoing surveillance programs and 
detailed analyses of G11 strains might provide unique in-
sights into adaptation mechanisms of nonhuman rotavi-
ruses to the human host through reassortment. G11 rotavi-
ruses appear to be acquiring genotype 1 genome segments 
through multiple reassortment events (or Wa-like strains 
are acquiring genes of G11 rotavirus strains) in a short pe-
riod. It will be useful to monitor whether new G11P[8] hu-
man rotavirus strains, which carry mainly human Wa-like 
genes, will be as successful as G9 and G12 rotaviruses in 
fi nding a niche in the human population, and whether the 
currently licensed rotavirus vaccines will afford protection 
against rotavirus disease caused by G11P[8] human rotavi-
rus strains. Given that available rotavirus vaccines contain 
the virus P[8] component, it is more likely that they will 
also protect humans against G9, G11, and G12 strains with 
the VP4 genotype P[8].

Acknowledgments
We thank Koki Taniguchi for providing cell culture –adapted 

YM, OSU, and Gottfried porcine rotavirus strains, and Ulrich 
Desselberger for valuable comments and discussions regarding 
the manuscript.

J.M. was supported by a postdoctoral fellowship from Fonds 
voor Wetenschappelijk Onderzoek.

Dr Matthijnssens is a postdoctoral fellow at the Rega In-
stitute for Medical Research in Leuven, Belgium. His research 
interests are the molecular epidemiology, genetic diversity, and 
evolution of rotaviruses. 

References

  1.  Parashar UD, Gibson CJ, Bresse JS, Glass RI. Rotavirus and severe 
childhood diarrhea. Emerg Infect Dis. 2006;12:304–6.

  2.  Estes M, Kapikian A. 2007. Rotaviruses. In: Knipe DM, Howley 
PM, Griffi n DE, Lamb RA, Martin MA, Roizman B, et al., editors. 
Fields virology, 5th ed. Philadelphia: Kluwer Health/Lippincott, 
Williams and Wilkins; 2007. p. 1919–74.

  3.  Abe M, Ito N, Morikawa S, Takasu M, Murase T, Kawashima 
T, et al. Molecular epidemiology of rotaviruses among healthy 
calves in Japan: Isolation of a novel bovine rotavirus bearing new 
P and G genotypes. Virus Res. 2009;144:250–7. DOI: 10.1016/j.
virusres.2009.05.005

  4.  Matthijnssens J, Bilcke J, Ciarlet M, Martella V, Banyai K, Rah-
man M, et al. Rotavirus disease and vaccination: impact on geno-
type diversity. Future Microbiol. 2009;4:1303–16. DOI: 10.2217/
fmb.09.96

  5.  Matthijnssens J, Potgieter CA, Ciarlet M, Parreno V, Martella V, 
Banyai K, et al. Are human P[14] rotavirus strains the result of inter-
species transmissions from sheep or other ungulates belonging to the 
mammalian order of Artiodactyla? J Virol. 2009;83:2917–29. DOI: 
10.1128/JVI.02246-08

  6.  Schumann T, Hotzel H, Otto P, Johne R. Evidence of interspecies 
transmission and reassortment among avian group A rotaviruses. Vi-
rology. 2009;386:334–43. DOI: 10.1016/j.virol.2009.01.040

  7.  Solberg OD, Hasing ME, Trueba G, Eisenberg JN. Characterization 
of novel VP7, VP4, and VP6 genotypes of a previously untype-
able group A rotavirus. Virology. 2009;385:58–67. DOI: 10.1016/j.
virol.2008.11.026

  8.  Trojnar E, Otto P, Johne R. The fi rst complete genome sequence 
of a chicken group A rotavirus indicates independent evolution of 
mammalian and avian strains. Virology. 2009;386:325–33. DOI: 
10.1016/j.virol.2009.01.034

  9.  Ursu K, Kisfali P, Rigo D, Ivanics E, Erdelyi K, Dan A, et al. Mo-
lecular analysis of the VP7 gene of pheasant rotaviruses identifi es a 
new genotype, designated G23. Arch Virol. 2009;154:1365–9. DOI: 
10.1007/s00705-009-0439-0

10.  Matthijnssens J, Rahman M, Ciarlet M, Van Ranst M. 2008. Emerg-
ing human rotavirus genotypes. In: Palombo EA, Kirkwood CD, 
editors. Viruses in the environment. Trivandrum (India): Research 
Signpost; 2008. p. 171–219.

11.  Matthijnssens J, Ciarlet M, Heiman E, Arijs I, Delbeke T, McDonald 
SM, et al. Full genome-based classifi cation of rotaviruses reveals 
a common origin between human Wa-like and porcine rotavirus 
strains and human DS-1-like and bovine rotavirus strains. J Virol. 
2008;82:3204–19. DOI: 10.1128/JVI.02257-07

12.  Banyai K, Martella V, Molnar P, Mihaly I, Van Ranst M, Matthijns-
sens J. Genetic heterogeneity in human G6P[14] rotavirus strains 
detected in Hungary suggests independent zoonotic origin. J Infect. 
2009;59:213–5. DOI: 10.1016/j.jinf.2009.06.009

13.  Ciarlet M, Hoffmann C, Lorusso E, Baselga R, Cafi ero MA, Bányai 
K, et al. Genomic characterization of a novel group A lamb rotavi-
rus isolated in Zaragoza, Spain. Virus Genes. 2008;37:250–65. DOI: 
10.1007/s11262-008-0257-6

 Emerging Infectious Diseases • www.cdc.gov/eid • Vol. 16, No. 4, April 2010 629 



RESEARCH

14.  Martella V, Banyai K, Matthijnssens J, Buonavoglia C, Ciarlet M. 
Zoonotic aspects of rotaviruses. Vet Microbiol. 2009 Aug 28; [Epub 
ahead of print].

15.  Matthijnssens J, Rahman M, Martella V, Xuelei Y, De Vos S, De 
Leener K, et al. Full genomic analysis of human rotavirus strain 
B4106 and lapine rotavirus strain 30/96 provides evidence for in-
terspecies transmission. J Virol. 2006;80:3801–10. DOI: 10.1128/
JVI.80.8.3801-3810.2006

16.  Matthijnssens J, Rahman M, Van Ranst M. Two out of the 11 genes 
of an unusual human G6P[6] rotavirus isolate are of bovine origin. J 
Gen Virol. 2008;89:2630–5. DOI: 10.1099/vir.0.2008/003780-0

17.  Matthijnssens J, Rahman M, Yang X, Delbeke T, Arijs I, Kabue 
JP, et al. G8 rotavirus strains isolated in the Democratic Republic 
of Congo belong to the DS-1-like genogroup. J Clin Microbiol. 
2006;44:1801–9. DOI: 10.1128/JCM.44.5.1801-1809.2006

18.  McDonald SM, Matthijnssens J, McAllen JK, Hine E, Overton L, 
Wang S, et al. Evolutionary dynamics of human rotaviruses: balanc-
ing reassortment with preferred genome constellations. PLoS Pat-
hog. 2009;5:e1000634. DOI: 10.1371/journal.ppat.1000634

19.  Rahman M, Matthijnssens J, Yang X, Delbeke T, Arijs I, Tanigu-
chi K, et al. Evolutionary history and global spread of the emerging 
G12 human rotaviruses. J Virol. 2007;81:2382–90. DOI: 10.1128/
JVI.01622-06

20.  Tsugawa T, Hoshino Y. Whole genome sequence and phyloge-
netic analyses reveal human rotavirus G3P[3] strains Ro1845 and 
HCR3A are examples of direct virion transmission of canine/feline 
rotaviruses to humans. Virology. 2008;380:344–53. DOI: 10.1016/j.
virol.2008.07.041

21.  Matthijnssens J, Ciarlet M, Rahman M, Attoui H, Banyai K, Es-
tes MK, et al. Recommendations for the classifi cation of group 
A rotaviruses using all 11 genomic RNA segments. Arch Virol. 
2008;153:1621–9. DOI: 10.1007/s00705-008-0155-1

22.  Ciarlet M, Hidalgo M, Gorziglia M, Liprandi F. Characterization 
of neutralization epitopes on the VP7 surface protein of serotype 
G11 porcine rotaviruses. J Gen Virol. 1994;75:1867–73. DOI: 
10.1099/0022-1317-75-8-1867

23.  Ruiz AM, Lopez IV, Lopez S, Espejo RT, Arias CF. Molecular and 
antigenic characterization of porcine rotavirus YM, a possible new 
rotavirus serotype. J Virol. 1988;62:4331–6.

24.  Banerjee I, Iturriza-Gomara M, Rajendran P, Primrose B, Ramani S, 
Gray JJ, et al. Molecular characterization of G11P[25] and G3P[3] 
human rotavirus strains associated with asymptomatic infection 
in South India. J Med Virol. 2007;79:1768–74. DOI: 10.1002/
jmv.20988

25.  Rahman M, Matthijnssens J, Nahar S, Podder G, Sack DA, Azim T, 
et al. Characterization of a novel P[25],G11 human group a rotavirus. 
J Clin Microbiol. 2005;43:3208–12. DOI: 10.1128/JCM.43.7.3208-
3212.2005

26.  Uchida R, Pandey BD, Sherchand JB, Ahmed K, Yokoo M, Nak-
agomi T, et al. Molecular epidemiology of rotavirus diarrhea among 
children and adults in Nepal: detection of G12 strains with P[6] or 
P[8] and a G11P[25] strain. J Clin Microbiol. 2006;44:3499–505. 
DOI: 10.1128/JCM.01089-06

27.  Banyai K, Esona MD, Kerin TK, Hull JJ, Mijatovic S, Vasconez 
N, et al. Molecular characterization of a rare, human-porcine re-
assortant rotavirus strain, G11P[6], from Ecuador. Arch Virol. 
2009;154:1823–9. DOI: 10.1007/s00705-009-0499-1

28.  Rahman M, Sultana R, Ahmed G, Nahar S, Hassan ZM, Saiada F, et 
al. Prevalence of G2P[4] and G12P[6] rotavirus, Bangladesh. Emerg 
Infect Dis. 2007;13:18–24. DOI: 10.3201/eid1301.060910

29.  Hong SK, Lee SG, Lee SA, Kang JH, Lee JH, Kim JH, et al. Char-
acterization of a G11,P[4] strain of human rotavirus isolated in 
South Korea. J Clin Microbiol. 2007;45:3759–61. DOI: 10.1128/
JCM.01505-07

30.  Bohl EH, Theil KW, Saif LJ. Isolation and serotyping of porcine 
rotaviruses and antigenic comparison with other rotaviruses. J Clin 
Microbiol. 1984;19:105–11.

31.  Larkin MA, Blackshields G, Brown NP, Chenna R, McGettigan PA, 
McWilliam H, et al. Clustal W and Clustal X version 2.0. Bioinfor-
matics. 2007;23:2947–8. DOI: 10.1093/bioinformatics/btm404

32.  Tamura K, Dudley J, Nei M, Kumar S. MEGA4: Molecular Evolu-
tionary Genetics Analysis (MEGA) software version 4.0. Mol Biol 
Evol. 2007;24:1596–9. DOI: 10.1093/molbev/msm092

33.  Maes P, Matthijnssens J, Rahman M, Van Ranst M, Rota C. A web-
based tool for the complete genome classifi cation of group A rota-
viruses. BMC Microbiol. 2009;9:238. DOI: 10.1186/1471-2180-9-
238

34.  Rosen BI, Parwani AV, Lopez S, Flores J, Saif LJ. Serotypic differ-
entiation of rotaviruses in fi eld samples from diarrheic pigs by using 
nucleic acid probes specifi c for porcine VP4 and human and porcine 
VP7 genes. J Clin Microbiol. 1994;32:311–7.

Address for correspondence: Jelle Matthijnssens, Laboratory of Clinical 
and Epidemiological Virology, Department of Microbiology and 
Immunology, Rega Institute for Medical Research, Minderbroedersstraat 
10, B-3000 Leuven, Belgium; email: jelle.matthijnssens@uz.kuleuven.be

630 Emerging Infectious Diseases • www.cdc.gov/eid • Vol. 16, No. 4, April 2010



To assess household transmission of pandemic (H1N1) 
2009 in San Antonio, Texas, USA, during April 15–May 8, 
2009, we investigated 77 households. The index case-pa-
tient was defi ned as the household member with the earliest 
onset date of symptoms of acute respiratory infection (ARI), 
infl uenza-like illness (ILI), or laboratory-confi rmed pandemic 
(H1N1) 2009. Median interval between illness onset in index 
and secondary case-patients was 4 days (range 1–9 days); 
the index case-patient was likely to be <18 years of age (p 
= 0.034). The secondary attack rate was 4% for pandemic 
(H1N1) 2009, 9% for ILI, and 13% for ARI. The secondary 
attack rate was highest for children <5 years of age (8%–
19%) and lowest for adults >50 years of age (4%–12%). 
Early in the outbreak, household transmission primarily oc-
curred from children to other household members and was 
lower than the transmission rate for seasonal infl uenza.

On April 15 and 17, 2009, the fi rst 2 cases of pandem-
ic (H1N1) 2009 in the United States were identifi ed 

among children in California; within 10 weeks, the strain 
was identifi ed in 99 countries or territories (1). Texas was 

the second US state to confi rm human transmission of 
pandemic (H1N1) 2009. On April 24, 2009, the Texas De-
partment of State Health Services reported 2 patients with 
laboratory-confi rmed pandemic (H1N1) 2009 infection in 
Guadalupe County. The strain was similar to that isolated 
previously from patients in Mexico and California (2). On 
June 11, 2009, the World Health Organization raised the 
pandemic alert to phase 6, indicating that a global pandem-
ic was under way (3).

Characterizing transmission dynamics in various set-
tings, such as households, schools, and the community, is 
critical to the development of appropriate guidance and 
public health interventions. Household contacts of persons 
with seasonal infl uenza are at increased risk for infection 
(4–7), but the household transmission characteristics of 
pandemic (H1N1) 2009 have yet to be fully character-
ized. This study reports household secondary attack rates 
and serial time intervals between illness onset in the in-
dex case-patient to illness onset in a household contact. We 
investigated persons with laboratory-confi rmed pandemic 
(H1N1) 2009 and their household contacts in 1 health ser-
vice region of Texas.

Methods

Population
The Texas Department of State Health Services con-

sists of 11 health service regions. We conducted our in-
vestigation in Health Service Region 8, which includes 28 
counties in south-central Texas, bordered on the south by 
Mexico (Figure). Approximately 2.4 million persons live in 
the region; 1.5 million live in the city of San Antonio (8). 
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The Texas Department of State Health Services provides 
public health services in counties without local health de-
partments. Within Health Service Region 8, public health 
services for Bexar County are provided by the San Antonio 
Metropolitan Health District and for Comal County by the 
Comal County Health Department.

Case Defi nitions
We defi ned a laboratory-confi rmed case-patient as a 

resident of Health Service Region 8 who had a positive re-
spiratory specimen showing nucleic acid sequences unique 
to pandemic (H1N1) 2009; a real-time reverse transcrip-
tion–PCR (rRT-PCR) assay was used to detect the virus 
(9). For persons with no laboratory test performed, we 
assessed whether they had infl uenza-like illness (ILI), de-
fi ned as fever (measured or unmeasured) with either cough 
or sore throat; or acute respiratory infection (ARI), defi ned 
as >2 of the following signs or symptoms: fever, cough, 
sore throat, and rhinorrhea. The index case-patient was de-
fi ned as the household member with the earliest symptom 
onset date of ARI, ILI, or laboratory-confi rmed pandemic 
(H1N1) 2009. A secondary case-patient was defi ned as a 
household member with ARI, ILI, or laboratory-confi rmed 
pandemic (H1N1) 2009 and symptom onset 1–9 days af-
ter symptom onset in the index case-patient. We chose the 
maximum interval of 9 days because shedding of seasonal 
infl uenza virus uncommonly lasts >8 days (10) and the me-
dian incubation period for seasonal infl uenza is ≈1.4 days 
(11). Household members were defi ned as persons who 
lived at the same address as a case-patient who had labora-
tory-confi rmed pandemic (H1N1) 2009 infection.

Case Finding
During April 10–May 8, 2009, we identifi ed laborato-

ry-confi rmed cases of pandemic (H1N1) 2009 by review-
ing 1,167 laboratory records of infl uenza specimens sub-
mitted by healthcare providers for rRT-PCR testing by the 
regional public health laboratory in San Antonio. We also 
reviewed 1,251 laboratory records of all specimens submit-
ted by military medical treatment facilities in San Antonio. 
These specimens were tested for infl uenza by rRT-PCR at 
the Epidemiology Laboratory Service of the Department 
of Defense Global Infl uenza Surveillance Program at the 
United States Air Force School of Aerospace Medicine 
in San Antonio. In addition, we conducted telephone in-
terviews with 540 (67%) of 802 high school students who 
were reported as absent by their school administrators 
during April 9–28 in the Texas counties where the fi rst 2 
identifi ed case-patients attended school. Respiratory sam-
ples were collected from students who reported an acute 
respiratory illness at the time of interview. Additional case-
patients were identifi ed by collecting respiratory samples 
from nonhousehold contacts of laboratory-confi rmed case-
patients (i.e., those who had been within 6 feet of someone 
with ARI for at least 1 hour during the period 1 day before 
through 7 days after onset of illness in the contact).

Household Investigations
We interviewed case-patients with laboratory-con-

fi rmed infection and all household members about the oc-
currence of illness, receipt of infl uenza vaccination in the 
previous 12 months, and medical history. We asked all per-
sons about their use of antiviral medication and reviewed 
health department pharmacy records where appropriate to 
ascertain the type, dosage, and timing of antiviral medica-
tion and to defi ne whether antiviral medications were pre-
scribed for treatment or prophylaxis. Respiratory samples 
were collected from household contacts who had an acute 
respiratory illness at the time of interview; respiratory 
samples were collected from all members of 9 households 
identifi ed early in the investigation, regardless of respira-
tory symptoms.

Sample Collection and Laboratory Testing
Nasal wash samples were collected from military 

servicemen and their household family members, and na-
sopharyngeal swabs were collected from all others. Nasal 
wash samples were sent to the Epidemiology Laboratory 
Service at the United States Air Force School of Aerospace 
Medicine; nasopharyngeal swabs were sent to the regional 
public health laboratory in San Antonio. We used rRT-PCR 
to test all respiratory samples for seasonal infl uenza (A/H1 
and A/H3 infl uenza viruses). Specimens positive for infl u-
enza A but negative for seasonal infl uenza by rRT-PCR 
were sent to the Centers for Disease Control and Preven-
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tion (CDC) for confi rmatory testing for pandemic (H1N1) 
2009 (12).

Statistical Analysis
We calculated the serial interval as the number of days 

from the onset date of illness in the index case-patient to 
onset date of illness in the secondary case-patient. Second-
ary household attack rates were calculated by dividing the 
number of secondary case-patients (excluding the index 
case-patient) by the total number of household members 
(excluding the index case-patient). Secondary case-patients 
for ILI and ARI attack rates also included laboratory-con-
fi rmed case-patients. We compared characteristics between 
groups by using the χ2 test or Fisher exact test for categori-
cal data and the Wilcoxon signed-rank test for continuous 
variables (13).

Ethics
The collection of information about cases of pandem-

ic (H1N1) 2009 was part of the emergency public health 
practice response and was not deemed to be research in 
accordance with the federal human subjects protection 
regulations (45 Code of Federal Regulations 46.101c and 
46.102d) and CDC’s Guidelines for Defi ning Public Health 
Research and Public Health Non-Research. All protocols 
pertaining to the pandemic were reviewed for protection 
concerns and the necessity of Institutional Review Board 
review by the CDC’s National Center for Immunization 
and Respiratory Diseases (NCIRD) Human Subjects Con-
tact and the NCIRD Associate Director of Science.

Results
We identifi ed 110 persons with laboratory-confi rmed 

pandemic (H1N1) 2009 infection. We were unable to con-
tact 23 (21%) of these persons, and 3 (3%) did not agree to 
provide further information. Of 84 persons with laboratory-
confi rmed pandemic (H1N1) 2009 infection who provided 
information, 77 (92%) lived with >1 persons. These 77 
households comprised 349 persons; the median household 
size was 4 persons (range 2–9 persons), including the index 
case-patient. Seventy fi ve percent of household interviews 
were conducted >8 days (range 0–24 days) after the onset 
of infection in the index case-patient.

From household interviews, we identifi ed an additional 
47 persons who reported respiratory symptoms or had lab-
oratory evidence of pandemic (H1N1) 2009 infection: 13 
persons with laboratory-confi rmed pandemic (H1N1) 2009 
infection, 24 persons with ILI, and 10 persons whose illness 
met the case defi nition for ARI only. We did not classify 15 
of these persons as secondary case-patients: 8 persons had 
the same date of symptom onset as the index case-patient; 
we could not establish the date of symptom onset for 3 per-
sons; and 4 persons reported illness onset 10–15 days after 

the index case-patient. In 1 household where 2 persons had 
ILI, 1 had a nasopharyngeal swab that was positive for pan-
demic (H1N1) 2009; the other was positive for infl uenza A, 
but the subtype could not be determined, possibly because 
of the quality of the sample or because 9 days had elapsed 
between illness and sample collection, thus decreasing 
viral load. We considered this person to have laboratory-
confi rmed pandemic (H1N1) 2009 on the basis of an epi-
demiologic link to another laboratory-confi rmed case. In 2 
households where secondary case-pateints were identifi ed, 
nasal swab samples were obtained from members of all 
7 households; 1 person, 14 years of age, who did not re-
port any respiratory symptoms, was positive for pandemic 
(H1N1) 2009 infection.

Among the 97 symptomatic laboratory-confi rmed case-
patients (84 identifi ed through case fi nding and 13 through 
household investigation), illness onset dates ranged from 
April 11 through May 8, 2009. Eleven (11%) were <4 years 
of age, 61 (63%) 5–18 years of age, 22 (23%) 19–49 years 
of age, and 3 (3%) >50 years of age. Forty-six (47%) were 
male. The most common signs and symptoms were fever 
(93%), cough (91%), rhinnorhea (70%), headache (67%), 
and sore throat (58%). Vomiting was reported by 26% 
and diarrhea by 25%. Ninety-two percent of laboratory-
confi rmed case-patients met the defi nition for ARI, and 
85% met the defi nition for ILI. One laboratory-confi rmed 
case-patient was hospitalized: a child who was admitted 
to the hospital with pneumonia in early April. No deaths 
occurred. Compared with household contacts who did not 
have laboratory-confi rmed pandemic (H1N1) 2009 or did 
not report respiratory illness, laboratory-confi rmed case-
patients (index and secondary) were signifi cantly younger 
(median age 17 vs. 24 years; p<0.001).

Secondary case-patients were found in 24 (31%) of 
77 households; 5 had 2 secondary case-patients, and 1 had 
3 case-patients (Table 1). Secondary infections appeared 
most likely to be transmitted between children (12/32, 
38%) or children to adults (10/32, 31%) than from adults 
to children (6/32, 19%) or adults to adults (4/32, 13%) (p 
= 0.034). The median serial interval for ARI, ILI, and lab-
oratory-confi rmed pandemic (H1N1) 2009 combined was 
4 days (range 1–9 days) (Table 1; online Appendix Figure, 
www.cdc.gov/EID/content/16/4/631-appF.htm). Antiviral 
treatment was given to the index case-patient of 23 (72%) 
of 32 secondary case-patients; in these households, the se-
rial interval was 3 days, compared with 5 days when the 
index case-patient was not given treatment (p = 0.17). In-
clusion of 5 household contacts with illness that occurred 
10–15 days after symptom onset of the index case-patient 
did not alter the median serial interval estimate. The me-
dian serial interval also remained unchanged when only 
members of households interviewed >9 days after the on-
set of symptoms in the household index case-patient were 
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included. Limiting the estimate of median serial interval 
to include only persons with ILI or laboratory-confi rmed 
case-patients reduced the median serial interval to 3 days 
(range 1–8 days).

The secondary household attack rate was 13% for ARI, 
9% for ILI, and 4% for laboratory-confi rmed pandemic 
(H1N1) 2009 (Table 2). Secondary attack rates were high-
est in children <5 years of age and were higher in children 
5–18 years of age than in adults 19–49 and >50 years of 
age (Table 2). By household size, secondary attack rates 
for ARI, ILI, and laboratory-confi rmed pandemic (H1N1) 
2009  were highest in households with 2–3 persons (ARI 
23%, ILI 23%, laboratory-confi rmed pandemic [H1N1] 
2009 6%) and were lowest in households with 7–9 persons 

(ARI 9%, ILI 9%, laboratory-confi rmed pandemic [H1N1] 
2009 2%) (online Appendix Table 1, www.cdc.gov/EID/
content/16/4/631-appT1.htm). The secondary household 
attack rate did not differ by receipt of seasonal infl uenza 
vaccination in the previous 12 months (online Appendix 
Table 2, www.cdc.gov/EID/content/16/4/631-appT2.htm).

Treatment with antiviral medication was given to 77% 
of index case-patients (57/74 of persons with ARI, ILI, and 
laboratory-confi rmed pandemic [H1N1] 2009 combined 
for whom data were available) and 72% of secondary cases 
(23/32 of ARI, ILI, and laboratory-confi rmed pandemic 
[H1N1] 2009 combined); 90% took oseltamivir; 7% took 
zanamivir; and 3% took an unknown type of antiviral medi-
cation. Neither the age of the index case-patient, household 
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Table 1. Index and secondary household case-patients with ARI, ILI, or laboratory-confirmed pandemic (H1N1) 2009, Region 8, 
Texas, April–May, 2009* 

Household
Index case-patients Secondary case-patients Serial

interval, d†Date of onset Age, y Case definition Date of onset Age, y Case definition
A Apr 18 14‡ A, no subtype Apr 25 21 Pandemic (H1N1) 2009 7
B Apr 19 5 Pandemic (H1N1) 2009 Apr 21 9 Pandemic (H1N1) 2009 2
C Apr 22 18 Pandemic (H1N1) 2009 Apr 25 <1 Pandemic (H1N1) 2009 3
D Apr 26 1 Pandemic (H1N1) 2009 May 4 27 Pandemic (H1N1) 2009 2
E Apr 26 16 Pandemic (H1N1) 2009 Apr 27 51 Pandemic (H1N1) 2009 1

Apr 27 8 ILI 1
F Apr 27 <1 Pandemic (H1N1) 2009 Apr 29 22 Pandemic (H1N1) 2009 2

May 6 47 ARI 9
G Apr 27 16 Pandemic (H1N1) 2009 May 1 16 Pandemic (H1N1) 2009 4

May 1 14 Pandemic (H1N1) 2009 4
H Apr 29 6 Pandemic (H1N1) 2009 Apr 3 <1 Pandemic (H1N1) 2009 1
I May 3 33 Pandemic (H1N1) 2009 May 7 15 Pandemic (H1N1) 2009 4

May 8 14 Pandemic (H1N1) 2009 5
Subtotal no. case-patients 9 13 3 (1–9)
J Apr 20 17 Pandemic (H1N1) 2009 Apr 26 14 ARI 6
K Apr 24 71 Pandemic (H1N1) 2009 Apr 27 65 ILI 3
L Apr 25 16 Pandemic (H1N1) 2009 Apr 27 16 ILI 2
M Apr 25 12 Pandemic (H1N1) 2009 Apr 28 30 ARI 3

Apr 28 33 ARI 3
Apr 30 6 ARI 5

N Apr 26 30 Pandemic (H1N1) 2009 May 1 28 ARI 5
O Apr 27 33 Pandemic (H1N1) 2009 May 5 53 ARI 8
P Apr 28 25 Pandemic (H1N1) 2009 May 4 14 ILI 6
Q Apr 29 1 Pandemic (H1N1) 2009 May 1 21 ILI 2

May 2 2 ILI 3
R Apr 29 8 Pandemic (H1N1) 2009 May 3 44 ARI 4
S May 1 6 Pandemic (H1N1) 2009 May 3 45 ILI 2
Subtotal no. case-patients 10 13 3 (1–8) 
T Apr 17 11 ILI Apr 21 18 Pandemic (H1N1) 2009 4
U Apr 18 48 ILI Apr 26 10 Pandemic (H1N1) 2009 8
V Apr 23 53 ILI Apr 26 42 Pandemic (H1N1) 2009 3
W Apr 24 5 ILI Apr 29 <1 Pandemic (H1N1) 2009 5
X Apr 28 26 ILI May 2 7 Pandemic (H1N1) 2009 4

May 3 4 ILI 5
Subtotal no. case-patients 5 6 4.5 (3–8) 
Total no. case-patients 24 32 4 (1–9) 
*ARI, acute respiratory infection; ILI, influenza-like illness (fever measured or subjective and cough or sore throat).  
†Median (range) number of days between symptom onset of the index and secondary case-patients. 
‡The influenza virus from this person could not be subtyped, possibly because of the quality of the sample or the length of time from symptom onset to 
sample collection. We considered this case-patient to have been infected with pandemic (H1N1) 2009.  
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size, nor diagnosis of the index patient (with ARI, ILI, or 
laboratory-confi rmed pandemic [H1N1] 2009) were pre-
dictive of treatment with antiviral medication. The second-
ary household attack rates for ARI, ILI, and laboratory-
confi rmed pandemic (H1N1) 2009 combined in households 
where the index case-patient was given antiviral treatment 
was 12% compared with 16% in other households (p = 
0.64) (Table 3). Antiviral prophylaxis was given to 39% 
of household contacts (92/235 with data available) (Table 
3), and the secondary attack rate of ARI, ILI, and laborato-
ry-confi rmed pandemic (H1N1) 2009 combined was 14% 
(12/83) in households where the index patient took treat-
ment, compared with 66% (6/9) (p = 0.003) in households 
where the index patient did not take treatment (Table 3).

Discussion
During an outbreak of pandemic (H1N1) 2009 in the 

San Antonio, Texas, area, we identifi ed 97 persons with 
laboratory-confi rmed infection in 77 households. The epi-
demiologic and clinical features were similar to summary 
reports from the United States (14,15) and other countries 
(15,16). Nearly one third of households had secondary 

case-patients who also had respiratory illness, with a me-
dian of 4 days between onset of illness in the index case-
patient and household members, a fi nding similar to that for 
seasonal infl uenza (17).

The secondary attack rate was 4% for laboratory-
confi rmed pandemic (H1N1) 2009, 9% for ILI, and 13% 
for ARI. In general, these rates are lower than for seasonal 
infl uenza and lower than anticipated for a pandemic strain, 
although rates vary from 13% to 30%, depending on infl u-
enza subtype and year and pandemic period (4,5,18–21). 
The highest proportion of laboratory-confi rmed pandemic 
(H1N1) 2009 and secondary attack rates occurred in chil-
dren, a fi nding consistent with the epidemiology of season-
al and pandemic infl uenza, where we know children expe-
rience higher rates of illness (4,5,7) and higher secondary 
attack rates (19). Adults may have some cross-protection 
against pandemic (H1N1) 2009 from antibodies developed 
during infections with seasonal infl uenza A virus (H1N1) 
(22–24).

Four randomized controlled trials of zanamivir and os-
eltamivir for seasonal infl uenza have shown that these anti-
viral medications reduce but do not eliminate viral shedding 
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Table 2. Household secondary attack rates for ARI, ILI, and laboratory-confirmed pandemic (H1N1) 2009, by age group, Region 8, 
Texas, April–May 2009* 

Illness type by  
age group, y

No. index  
case-patients

Household contacts Household
members not 

included
Secondary attack 
rate (A/A + B), %

Secondary  
case-patients, A Not ill, B

Total household 
contacts, A + B

ARI
 <5 7 5 23 28 1 18
 5–18 50 13 83 96 3 14
 19–49 17 11 96 107 3 10
 >50 3 3 22 25 1 12
 All ages 77 32 224 256 8 13
ILI
 <5 6 5 23 28 2 18
 5–18 50 11 86 97 2 11
 19–49 18 6 102 108 1 6
 >50 3 2 23 25 1 8
 All ages 77 24 234 258 6 9
Laboratory-confirmed pandemic (H1N1) 2009 
 <5 8 2 26 28 0 7
 5–18 51 5 92 97 1 5
 19–49 16 3 108 111 0 3
 >50 2 1 26 27 0 4
 All ages 77 11 252 263 1 4
*ARI, acute respiratory infection; ILI, influenza-like illness (fever measured or subjective and cough or sore throat). Ill household members were not 
included in the calculation of the secondary attack rate if they had the same symptom onset as the index case or if symptom onset was not known. 

Table 3. Household secondary attack rates for ARI, ILI, and laboratory-confirmed pandemic (H1N1) 2009, by antiviral medication 
treatment and prophylaxis, Region 8, Texas, April–May 2009* 

Type of contact No. contacts
Index case-patient received antiviral treatment (attack rate, %)

Yes No p value†
All contacts of index case-patients 235 22/185 (12) 8/50 (16) 0.64
Contacts who took antiviral prophylaxis 92 12/83 (14) 6/9 (67) 0.003
*ARI, acute respiratory infection; ILI, influenza-like illness (fever measured or subjective and cough or sore throat). 
†Fisher exact test comparing the secondary attack rate for any treatment to no antiviral treatment. Data about antiviral medication were missing for 2 
index case-patients and 15 contacts. 
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and are effective in preventing disease among household 
contacts, especially if taken within 48 hours of illness on-
set in the index case-patient (19,20,25,26). We found that 
secondary attack rates for all households were lower when 
the index case-patient received treatment, although this dif-
ference was not signifi cant. The role of prophylaxis in the 
absence of treatment of the index case-patient was diffi -
cult to determine; our investigation included only a small 
number of such persons. Nevertheless, because most index 
and secondary case-patients received antiviral treatment, 
household secondary attack rates may have been reduced.

Our investigation has several limitations. Because 
early case fi nding was most intensive among high school 
children associated with school outbreaks, our cohort may 
have been biased in favor of households where the index 
case-patients were children; however, this would not ex-
plain a lower secondary attack rate among adult household 
contacts. We did not assess the role of mild or asymptom-
atic pandemic (H1N1) 2009 infection because we collected 
respiratory samples only; serologic assays to detect infl u-
enza antibodies are the most sensitive method for detect-
ing asymptomatic infection, but virus assays for pandemic 
(H1N1) 2009 were not available at the time of the inves-
tigation. Volunteer challenge studies with seasonal infl u-
enza viruses have found that up to 30% of infected persons 
may be asymptomatic and could be identifi ed through se-
rologic testing (10). Because 25% of household interviews 
were conducted <8 days after onset of illness of the index 
case-patient, we may have underestimated the secondary 
attack rate if these households had secondary case-patients 
with long serial intervals. However, when we restricted 
our analysis to persons interviewed >8 days after onset of 
symptoms in the index case-patient, we found no differ-
ence in the median serial interval or distribution of attack 
rates by age. Conversely, household members interviewed 
>8 days after onset of illness in the index case-patient may 
have had incomplete recall of acute respiratory infections. 
Finally, some of the secondary illnesses may have been ac-
quired in the community, leading to overestimate of house-
hold secondary attack rates.

We found that pandemic (H1N1) 2009 disproportion-
ately affected children, who in turn posed a risk for second-
ary household transmission, especially to their caregivers 
and siblings. The Advisory Committee on Immunization 
Practices (2009) recommends that children 6–18 years of 
age and caregivers of infants be included as initial target 
groups for the new pandemic (H1N1) 2009 vaccine (27), 
which may reduce household transmission. As pandemic 
(H1N1) 2009 continues to spread internationally, ongoing 
investigations are needed to shed further light on transmis-
sion dynamics, to monitor epidemiologic changes over 
time, and to assess the effectiveness of public health inter-
ventions.
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Escherichia albertii has been associated with diarrhea 
in humans but not with disease or infection in animals. How-
ever, in December 2004, E. albertii was found, by biochemi-
cal and genetic methods, to be the probable cause of death 
for redpoll fi nches (Carduelis fl ammea) in Alaska. Subse-
quent investigation found this organism in dead and subclin-
ically infected birds of other species from North America and 
Australia. Isolates from dead fi nches in Scotland, previously 
identifi ed as Escherichia coli O86:K61, also were shown to 
be E. albertii. Similar to the isolates from humans, E. albertii 
isolates from birds possessed intimin (eae) and cytolethal 
distending toxin (cdtB) genes but lacked Shiga toxin (stx) 
genes. Genetic analysis of eae and cdtB sequences, mul-
tilocus sequence typing, and pulsed-fi eld gel electrophore-
sis patterns showed that the E. albertii strains from birds are 
heterogeneous but similar to isolates that cause disease in 
humans.

In late December 2004, deaths of common redpoll fi nches 
(Carduelis fl ammea) were reported around the city of 

Fairbanks, Alaska, USA, coincident with a prolonged peri-
od of extreme cold (below –40°F). The fi nal reported death 
occurred on February 24. At the beginning of the outbreak, 
the local at-risk population was estimated to be ≈8,000 red-

poll fi nches, a historic high for the area. Although ≈100 
deaths were documented, the actual number is assumed to 
be considerably higher.

Outbreaks of disease in wild fi nches (family Fringilli-
dae) have been associated with Salmonella enterica subsp. 
enterica serotype Typhimurium, Mycoplasma gallisepti-
cum, poxvirus, and Escherichia coli (1–6). Diagnostic in-
vestigation into the Alaska outbreak identifi ed Escherichia 
albertii as the probable cause of death and as a new patho-
gen for birds. E. albertii had been identifi ed as an enteric 
pathogen of humans in Asia (7) and, more recently, in Af-
rica and North America (T.S. Whittam and H. Steinsland, 
unpub. data), but to our knowledge, until this outbreak its 
presence in animals had not been observed.

We describe the identifi cation and characterization of 
E. albertii from birds in North America, Europe, and Aus-
tralia. We show that bacterial isolates from dead fi nches in 
Scotland, previously identifi ed as E. coli O86:K61, were 
actually E. albertii. The genetic diversity of 2 virulence loci 
(intimin and cytolethal distending toxin) for the bird isolates 
was compared with characterized human pathotypes. We 
also determined genetic relatedness among isolates from 
birds and humans by multilocus sequence typing (MLST) 
and clonality of multiple isolates from dead or clinically 
healthy birds by pulsed-fi eld gel electrophoresis (PFGE).

Methods

Bird Isolate Collection 
In the United States during 2004–2005, dead redpoll 

fi nches from Alaska were submitted to the Alaska De-
partment of Fish and Game. Three clinically healthy red-
poll fi nches were trapped near the outbreak site. Standard 
necropsies included gross examination and collection of 
tissues into 10% neutral buffered formalin for histopatho-
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Escherichia albertii in Birds

logic examination. Fresh tissues were frozen for microbio-
logic assays. Two other dead birds, a captive adult gyrfal-
con (Falco rusticulos) from Idaho and a chicken (Gallus 
gallus) from Washington, were submitted for diagnosis to 
the Washington Animal Disease Diagnostic Laboratory in 
Pullman, Washington, USA.

In Canada in 2005, isolates were obtained from feces 
of clinically healthy redpolls and pine siskins (Carduelis 
pinus) trapped on Prince Edward Island. A total of 158 
fi nches were sampled and included redpolls, pine siskins, 
and purple fi nches (Carpodacus purpureus). 

In Australia in 2001–2002, isolates from birds were 
obtained from feces of clinically healthy domestic and 
trapped wild birds (8). Domestic birds included 9 chick-
ens (G. gallus), 4 geese (Anser anser domesticus), 3 ducks 

(Anas platyrhynchos domesticus), and 1 guinea fowl (fam-
ily Numididae). Wild birds totaled 634 birds representing 
112 species. 

In Scotland, isolates obtained during 1998–2000 from 
dead birds—Eurasian siskins (Carduelis spinus), green-
fi nches (Carduelis chloris), and chaffi nches (Fringilla 
coelebs)—previously identifi ed as E. coli O86:K61 (4), 
were obtained from M.J. Woodward (Veterinary Labora-
tories Agency Weybridge, Inverness, UK). Information 
about all isolates is summarized in Table 1.

Isolation and Identifi cation of Bacteria
To detect Enterobacteriaceae, we inoculated tissues, 

intestinal contents, or feces onto MacConkey agar and 
incubated the plates at 35°C. Isolated colonies were char-
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Table 1. Escherichia albertii isolates and host information 

Isolate Origin (state)* Host species of origin 
Clinical
status

Year of 
isolation Reference 

1568-05-27C† USA (AK) Redpoll finch (Carduelis flammea) Dead 2005 This study 
1568-05-27D† USA (AK) Redpoll finch (C. flammea) Dead 2005 This study 
1615-05-A† USA (AK) Redpoll finch (C. flammea) Dead 2005 This study 
1615-05-B† USA (AK) Redpoll finch (C. flammea) Dead 2005 This study 
1297-05-19†‡§¶ USA (AK) Redpoll finch (C. flammea) Dead 2005 This study 
7991-07†‡§¶ USA (WA) Chicken (Gallus gallus) Dead 2007 This study 
12055-07†‡§¶ USA (ID) Gyrfalcon (Falco rusticulos) Dead 2007 This study 
5419-05-R†‡§¶ Canada Redpoll finch (C. flammea) Healthy 2005 This study 
5419-05-S†‡ Canada Pine siskin (Carduelis pinus) Healthy 2005 This study 
EC370-98†‡§¶ Scotland Finch spp. (Carduelis spp.) Dead 1998 (9)
EC558-00† Scotland Eurasian siskin (Carduelis spinus) Dead 2000 (9)
EC744-99† Scotland Greenfinch (Carduelis chloris) Dead 1999 (9)
EC746-99‡ Scotland Eurasian siskin (C. spinus) Dead 1999 (9)
EC748-99† Scotland Greenfinch (C. chloris) Dead 1999 (9)
B090†‡¶ Australia Magpie (Gymnorhina tibicen) Healthy 2001 This study 
B101†‡§¶ Australia Magpie(G. tibicen) Healthy 2001 This study 
B156†‡§¶ Australia Magpie (G. tibicen) Healthy 2001 This study 
B249†‡¶ Australia Magpie (G. tibicen) Healthy 2001 This study 
B198†‡§¶ Australia Honeyeater (Melithreptus brevirostris) Healthy 2002 This study 
B992†‡§¶ Australia Wren (Malurus cyaneus) Healthy 2001 This study 
B1086†‡§¶ Australia Fantail (Rhipidura fulginosa) Healthy 2002 This study 
B1068†‡§¶ Australia Chicken (G. gallus) Healthy 2002 This study 
B1074†‡§¶ Australia Chicken (G. gallus) Healthy 2002 This study 
616‡ No data Human Diarrhea No data (10)
3103-99‡ USA (IL) Human Diarrhea No data (10)
C-425‡§ No data Human Diarrhea No data (10)
106A5‡§ Guinea-Bissau Human Healthy 1997 (11)
9194†‡ Bangladesh Human Diarrhea 1990 (10)
19982‡§¶ Bangladesh Human Diarrhea 1990 (10)
79D4†‡ Guinea-Bissau Human Healthy 1997 (11)
97F8‡ Guinea-Bissau Human Healthy 1997 (11)
M2005000616 #8‡ USA (MN) Human Diarrhea No data T.S. Whittam, unpub data
I2005002880 #36‡ USA (MN) Human Diarrhea No data T.S. Whittam, unpub data
K-694¶ Bangladesh Human Diarrhea No data (10)
K-1‡§¶ Bangladesh Human Diarrhea No data (10)
*AK, Alaska; WA, Washington; ID, Idaho; IL, Illinois; MN, Minnesota. 
†Included in pulsed-field gel electrophoresis analysis. 
‡Included in multilocus sequence typing analysis. 
§Included in eae allele analysis. 
¶Included in cdtB allele analysis. 
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acterized by fermentation of lactose and glucose, produc-
tion of oxidase, and production of indole from tryptophan. 
Additional biochemical characterization was performed by 
using a commercial kit (API 20E; bioMérieux, Hazelwood, 
MO, USA). E. coli serotyping was performed by the Gas-
troenteric Disease Center (Wiley Laboratory, Pennsylvania 
State University, University Park, PA, USA).

Genetic identifi cation was based on 16S rRNA gene 
sequencing and/or PCR to detect housekeeping gene poly-
morphisms unique for the E. albertii/Shigella boydii lin-
eage. 16S rRNA analysis was performed on 1 isolate from 
Alaska by sequencing >1,400 nt of the 16S rRNA gene 
(12). The amplicon was cloned into the pCR2.1 sequencing 
vector (TOPO TA Cloning Kit; Invitrogen, Carlsbad, CA, 
USA) and sequenced bidirectionally by automated dide-
oxy DNA methods. Partial 16S rRNA sequences of ≈500 
bp of the 5′ end, including the V1, V2, and V3 variable 
regions (13), were determined for other isolates with the 
same primers, after which direct dideoxy sequencing was 
performed. A sequence similarity search was performed 
by searching the GenBank database with BLASTN.2.2.3 
(14), and sequences were aligned with ClustalW2 (www.
ebi.ac.uk/Tools/clustalw2/index.html). PCR was used to 
detect E. albertii lineage–specifi c genetic polymorphisms 
in the housekeeping genes lysP and mdh (10). As a posi-
tive control, PCR for the gene clpX, which is conserved in 
E. coli, Shigella, and the E. albertii/S. boydii lineage, was 
performed as described (10), except a corrected primer se-
quence for clpX_28 (5′-TGG CGT CGA GTT GGG CA-3′) 
(T.S. Whittam, unpub. data) was used. The negative control 
for the lysP and mdh PCR was E. coli strain DH10b.

Virulence Gene PCR and Sequence Analysis
PCR was used to test isolates for virulence genes found 

in Enterobacteriaceae—the central conserved region of in-
timin (eae, the attaching-and-effacing ligand), heat-stable 
enterotoxin (sta), and Shiga toxins (stx1 and stx2)—as de-
scribed (15). Positive controls were E. coli strains S2 (for 
sta) and S14 (for stx1, stx2, and eae) from the Pennsylva-
nia State University E. coli Reference Center. A multiplex 
PCR protocol that amplifi ed the consensus portion of the 

B subunit of the cytolethal distending toxin gene (cdtB) as 
described by Toth (16) was modifi ed by using each of the 
primer pairs (s1/as1 and s2/as2) individually to screen for 
cdtB in all isolates.

For sequencing eae, PCR primers that amplifi ed 
≈800 nt of the variable 3′ end of the eae gene were used 
as described (9). Because these primers did not work for 
all bird isolates, additional primer sequences were either 
taken from other studies or designed for this study (Tables 
2 and 3). Sequence analysis was based on ≈726 nt in the 3′ 
variable region of eae, which corresponded to amino acids 
33–275 within the C-terminal 280 aa of intimin (Int280). 
Nucleotide sequences were determined for each of the cdtB 
products obtained by using the s1/as1 (403 bp) and s2/as2 
(411 bp) primer pairs (16). Predicted amino acid sequenc-
es for eae and cdtB were aligned with reference alleles 
by using the ClustalW method and MegAlign software 
(DNASTAR, Madison, WI, USA). Neighbor-joining den-
drograms were constructed by using MEGA version 4 (18) 
with the p-distance metric and pairwise gap deletion.

MLST
MLST was performed on 26 isolates of E. albertii (Ta-

ble 1) as described (10), with slight modifi cation. Briefl y, 
partial gene sequences for 6 conserved housekeeping loci 
(aspC, clpX, fadD, icdA, lysP, and mdh) were obtained 
by PCR and direct sequenced by automated dideoxy se-
quencing. Raw sequences were aligned by using Seqman 
Pro software (DNASTAR). Sequences for 11 E. albertii 
isolates from humans and 6 common E. coli pathotypes 
were obtained from www.shigatox.net. E. coli was used as 
an outgroup; strains used were enterohemorrhagic E. coli 
strain EDL933, Shigella fl exneri strain 2747-71, enteroag-
gregative E. coli strain 042, enteropathogenic E. coli strain 
e2348/69, uropathogenic E. coli strain CFT073, and E. coli 
K-12. A neighbor-joining dendrogram was based on the 
concatenated nucleotide sequence and the maximum com-
posite likelihood model by using MEGA version 4 (18). 
Details of the MLST procedure, including allelic typing 
and sequence type assignment methods, can be found at 
www.shigatox.net.
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Table 2. Primers used for amplification and sequencing of eae gene of Escherichia albertii 
Primer  Sequence, 5′  3′ Position (GenBank accession no.) Reference 
Intimin γ F CGTTGAAGTCGAGTACGCCA 1867–1887 (AF081185) (9) 
Intimin γ R TTCTACACAAACCGCATAGA 2782–2803 (AF081185) (9) 
EaeA-F CAAACCAAGGCCAGCATTAC 1963–1982 (AF081185) This study 
EaeA-R outer CCCCAAGAGAGAGGGTTCTT 2743–2763 (AF081185) This study 
EaeA-R inner ACTTGATACCCCAGACCTTCA 2703–2725 (AF081185) This study 
EscD-R1 GTATCAACATCTCCCGCCA 27918–27937 (AF022236) (17) 
Intimin-R2 CAGAATATTAAACAAGCGCAGTTG 3103–3126 (FJ609833) This study 
EaeA F06s GTAACGGACTTTACGGCTGATA 1803–1824 (FJ609833) (10) 
Intimin B101 int R TGACCATATTGCAACCA 2460–2476 (FJ609833) This study 
Intimin B156 int R TGACCATATCGCAACCA 2459–2475 (FJ609822) This study 
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An overall phylogenetic representation of the genus 
Escherichia was generated by combining nucleotide se-
quence data from GenBank for Escherichia fergusonii with 
outgroup strains Salmonella bongori, S. enterica subsp. 
enterica serotype Typhi, and S. enterica subsp. enterica 
serotype Typhimurium. A neighbor-net network analysis 
was generated by using SplitsTree 4 software (19) (Figure 
1, inset).

PFGE
E. albertii isolates were compared by using a standard 

PFGE method (20) with minor modifications. Briefly, frag-
ments of XbaI-digested bacterial DNA were separated in 
1% agarose gel by using a CHEF-DR III PFGE apparatus 
(Bio-Rad, Hercules, CA, USA); pulse times were ramped 
from 2.2 to 54.2 seconds over 19 hours. Digital gel images 
were analyzed with Bionumerics software (Applied Maths, 
Sint-Martens-Latem, Belgium) by using the unweighted 
pair group method with arithmetic mean algorithm for clus-
ter analysis of Dice similarity coefficients with a position 
tolerance of 2%.

 Nucleotide Sequence Accession Numbers
Nucleotide sequences from this study were deposited 

in GenBank. Their accession numbers are EU926632–
EU926649 and GQ140242–GQ140261.

Results

Pathologic Findings
Redpoll finches from the Alaska outbreak were typi-

cally found dead without obvious signs of disease. All 
those evaluated had adequate pectoral muscle mass, sug-
gestive of acute death. Some had green fecal material 
pasted around their cloacae, suggestive of diarrhea. Gross 
lesions were inconsistent, but a few birds had darkened in-
testines distended with excessive yellow to green digesta. 
Histologic lesions were also inconsistent, but when present 
they were consistent with acute, severe, fibrinous, and ne-

crotizing proventriculitis; multifocal heterophilic enteritis; 
and small-crypt abscessation. For some, gram-negative ba-
cilli in large numbers were observed within the intestinal 
lumens. Attachment of bacteria to intestinal epithelial cells 
was not observed, although autolysis precluded assess-
ment of the epithelium and ultrastructural studies to detect 
attaching-and-effacing lesions. No lesions consistent with 
septicemia were observed in any affected redpolls.

The affected gyrfalcon had appeared clinically 
healthy until found dead. Histologic examination failed to 
demonstrate enteric lesions, although evidence of septice-
mia was found. The chicken from Washington died after 
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Table 3. Primer sets used for amplification and sequencing of eae gene of Escherichia albertii in specific isolates 
Isolate PCR amplification Sequencing 
1297–05–19 Intimin γ F, intimin γ R Intimin γ F, intimin γ R 
7991–07 EaeA-F, EaeA-R outer EaeA-F, EaeA-R inner 
12055–07 Intimin γ F, intimin γ R Intimin γ F, intimin γ R 
5419–05-R Intimin γ F, intimin γ R Intimin γ F, intimin γ R 
EC370–98 Intimin γ F, intimin γ R Intimin γ F, intimin γ R 
EC746–99 Intimin γ F, intimin γ R Intimin γ F, intimin γ R 
B101 Intimin γ F, intimin γ R Intimin γ F, intimin γ R 
B156 EaeA-F, Intimin-R2 EaeA-F, intimin-R2, intimin B156 int R 
B198 EaeA-F, intimin-R2 EaeA-F, intimin-R2, intimin B156 int R 
B992 EaeA F06s, EscD-R1 EaeA F06s, EscD-R1, EaeA-F, intimin B101 int R 
B1086 EaeA-F, intimin γ R EaeA-F, intimin γ R, EaeA-R outer 
B1068 EaeA F06s, EscD-R1 EaeA F06s, EscD-R1, EaeA-F 
B1074 EaeA F06s, EscD-R1 EaeA F06s, EscD-R1, EaeA-F 

0.01

Escherichia coli

616

EC37098 (finch from Scotland)

7991-07 (chicken from USA)

1297-05-19 (redpoll finch from Alaska)

12055-07 (gyrfalcon from USA)

B992 (wren from Australia)

B090 (magpie from Australia)

B249 (magpie from Australia)

B156 (magpie from Australia)

B101 (magpie from Australia)

B1086 (fantail from Australia)

B198 (honeyeater from Australia)

5419-05-R (rRedpoll finch from Canada)

5419-05-S (siskin from Canada)

3103-99

C-425

106A5

9194

19982

79D4

97F8

M2005000616 #8

I2005002880 #36

K-1

EA 1

EA 2

EA 3

B1074 (chicken from Australia)

B1068 (chicken from Australia)
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bongori Salmonella

enterica
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fergusonii
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Escherichia albertii and 
isolates in this study

0.01

Figure 1. Neighbor-joining dendrogram of bird and human isolates, 
based on nucleotide variation at 6 conserved housekeeping loci 
in the Escherichia albertii genome (multilocus sequence typing), 
supporting identification of all isolates as E. albertii. Three distinct 
clades are designated EA 1–EA 3. No clustering of isolates is 
apparent on the basis of their host type, geographic origin, or 
association with disease. Inset is a SplitsTree phylogenetic network 
of the genus Escherichia, showing the E. albertii/Shigella boydii 
serotype 7/13 lineage with respect to the other named species. 
S. bongori, Salmonella bongori; S. enterica, Salmonella enterica. 
Scale bars indicate genetic distance.
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≈1 week of illness, during which it appeared depressed 
and anorexic. Histopathologic examination showed se-
vere, diffuse, necrotizing typhlitis; mild to moderate en-
terocolitis; and septicemia.

Bacteria Isolated
Bacterial cultures were performed for 8 dead redpolls 

from Alaska and 3 healthy redpolls trapped in the same 
area. Large numbers of non–lactose-fermenting gram-neg-
ative rods were isolated from the intestines and tissues of 5 
of the dead redpolls but from none of the 3 healthy redpolls. 
Similar organisms were also isolated in large numbers from 
the tissues of the gyrfalcon and intestines of the chicken. In 
the healthy birds trapped on Prince Edward Island, non–
lactose-fermenting bacteria were isolated from the feces of 
11 (12%) of 95 siskins and 4 (12%) of 33 redpolls but from 
none of 30 samples from purple fi nches. From the healthy 
birds trapped in Australia, non–lactose-fermenting bacteria 
were isolated from 4 (18%) of 22 magpies (Gymnorhina 
tibicen), 1 (10%) of 10 honeyeaters (Melithreptus breviro-
stris), 1 (3%) of 38 wrens (Malurus cyaneus), 1 (7%) of 15 
fantails (Rhipidura fulginosa), and 2 (22%) of 9 chickens.

The isolates were oxidase negative; fermented glucose 
but not lactose, sucrose, or xylose; produced indole from 
tryptophan; and were nonmotile at 35°C. Further biochemi-
cal characterization with the API 20E panel indicated that 
the isolates produced lysine decarboxylase and ornithine 
decarboxylase and fermented D-glucose, D-mannitol, and L-
arabinose. The isolates did not utilize citrate; did not produce 
arginine decarboxylase, hydrogen sulfi de, urease, trypto-
phan deaminase, acetoin, or gelatinase; and did not ferment 
inositol, L-rhamnose, D-sucrose, D-melibiose, or amygda-
lin. All isolates except that from the fantail from Australia 
(B1086) used β-galactosidase. Fermentation of D-sorbitol 
varied; it was not fermented by the isolates from fi nches 
from Alaska, Canada, and Scotland or the gyrfalcon or by 
3 of the 9 isolates from birds in Australia (B1068, B1074, 
and B1086). API 20E testing identifi ed the isolates that used 
β-galactosidase and fermented D-sorbitol as code 5144102 
and weakly (43%) identifi ed them as E. coli. Identical API 
20E profi les were reported for the isolates identifi ed as E. 
coli from the dead fi nches from Scotland (4). Although the 
isolates from Scotland were serotyped as O86:K61, an iso-
late from Alaska (1297-05-019) did not react with any of the 
175 O E. coli antiserum samples, including O86. Variable 
use of β-galactosidase and fermentation of D-sorbitol resulted 
in API 20E codes of 5144502 or 4144102 and more robust 
identifi cations as E. coli (84% and 90%, respectively).

The nearly full-length 16S rRNA sequence of isolate 
1297-05-19 from the redpoll in Alaska was most simi-
lar (1,470 [99.7%] of 1,475 nt) to sequences of E. alber-
tii (AY696669) and S. boydii (1,467 [99.5%] of 1,475 nt, 
AY696670) isolated from humans. The 495-nt sequence of 

the 5′ end of 16S rRNA was determined for redpoll 5419-
05-R from Canada, fi nch EC37098 from Scotland, and 
gyrfalcon 12055-07 and chicken 7991-07 from the United 
States. In all, 9 nucleotide polymorphisms were observed 
among these 5 isolates, including 5 clustered in the V1 
region (98.2% overall identity). These sequences were 
99.2%–99.6% identical to the sequence of an eae-positive 
strain of Hafnia alvei (Z83203), E. albertii from humans 
(AJ508775, AY696662–AY696664, AY696669), and S. 
boydii serotypes 7 and 13 (AY696670–AY696680). PCRs 
were positive for the E. albertii–specifi c alleles of lysP and 
mdh (10) in all isolates from birds. Collectively, these data 
tentatively identifi ed these isolates as E. albertii.

Virulence Genes
All isolates from birds were positive for eae and cdtB 

but negative for stx1, stx2, and sta, the same repertoire of 
virulence genes reported for E. albertii isolates from hu-
mans (10). Alignment of the 3′ portion of the eae gene 
showed that the bird isolates possessed a variety of eae al-
leles, some novel and some similar to previously reported 
alleles (Figure 2, panel A). There was no clustering of bird 
eae alleles related to geographic origin, bird versus human 
origin, or isolation from diseased versus clinically healthy 
birds or humans. The largest cluster of bird alleles was 
found in representative isolates (Figure 2, panel A) from 
the redpolls from Alaska and Canada, the gyrfalcon and 
chicken from the United States, and the fantail from Aus-
tralia, which were all nearly identical (1 nonsynonymous 
nt change each in the isolate from the redpoll and fantail 
from Alaska). This allele was distinct from other refer-
ence eae alleles and thus novel, but it was most similar 
to γ intimin. Alleles from the isolates from fi nch E37098 
and siskin EC74699 from Scotland and magpie B101 from 
Australia were identical to each other but were also novel 
alleles most closely related to the μ allele in E. coli (17). 
The alleles from isolates from other wild birds and chick-
ens from Australia were similar to previously reported al-
lelic subtypes, including ε, α, and ν (17). Only the isolates 
from chickens B1068 and B1074 in Australia had an allelic 
subtype, ν 1.1, previously reported for an E. albertii isolate 
from a human (10,17).

All isolates tested (Figure 2, panel B) were PCR posi-
tive for cdtB with the s1/as1 primer pair. With the excep-
tion of the chicken from the United States and 5 isolates 
from birds in Australia (2 chickens [B1068 and B1074], 1 
fantail, 1 honeyeater, and 1 wren), all were also positive for 
cdtB with the s2/as2 primer pair. Because these 2 primer 
pairs are specifi c for different types of cytolethal distend-
ing toxin (16), at least some isolates from birds appeared 
to carry multiple cdtB genes. Sequencing and alignment of 
the s1/as1 PCR products showed these to have ≈91% nt 
and 92% aa identity. On the basis of amino acid polymor-
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phisms (Figure 2, panel B), avian cdtB alleles amplified by 
the s1/as1 primers were most similar to type II (birds from 
North America and Australia) and types III and V (the gyr-
falcon, finches from Scotland, other birds from Australia) 
reference alleles (21–23). Sequencing and alignment of 
the s2/as2 PCR product showed that the sequences from 
the isolates from Australia were identical to each other, 
that the sequences from the isolates from North America 
and Scotland were identical to each other, and that these 2 
groups of sequences were similar to each other with ≈99% 
identity at both the nucleotide and amino acid levels. These 
sequences were similar (1- or 2-aa differences) to the type I 
cdtB reference allele (24). The presence of a type I cdtB is 
consistent with the previous finding of a type I cdtB in the 
isolates from the finches from Scotland, identified by type-
specific PCRs (16).

MLST Findings
MLST of nucleotide variation at 6 loci (a total of 3,165 

bp) in the genomes of isolates (Table 1) showed 3 main 

clades of E. albertii (EA 1, EA 2, and EA 3 in Figure 1). 
Isolates did not appear to cluster on the basis of host dis-
ease status (healthy, with diarrhea, or dead) or host type. 
All isolates from birds from North America were closely 
related and clustered in clade EA 2, along with 3 isolates 
from birds from Australia (honeyeater, wren, and fantail) 
and an isolate from a human with diarrhea (I2005002880 
#36). The isolate from chicken 7991-07 was slightly di-
vergent from the rest of the isolates from North America 
(5 synonymous and 1 nonsynonymous nt changes) and 
was indistinguishable from isolate I2005002880 #36 from 
the human. Isolates from the dead redpolls from Alaska, 
healthy finches from Canada, and the gyrfalcon were iden-
tical. The isolate from finch EC370-98 from Scotland was 
distantly related to other bird isolates and clustered with an 
isolate from a human with diarrhea (M2005000616 #8) in 
clade EA 1.

MLST strongly supported the biochemical and other 
molecular data indicating that the bird isolates in this study 
were E. albertii. Collectively, these isolates represent a dis-
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Figure 2. Neighbor-joining dendrogram based on the predicted amino acid sequences of the intimin (eae) and cytolethal distending toxin 
(cdtB) loci of Escherichia spp. Isolates analyzed in this study are designated by their isolate identification number; reference alleles are 
designated by their GenBank accession numbers. All Escherichia albertii isolates are indicated by circles or squares; all other isolates are 
E. coli. Scale bars indicate genetic distance. A) eae alleles carried by E. albertii isolates from birds (filled circles) represent diverse allelic 
subtypes and do not form separate clusters from allelic subtypes carried by isolates from humans (open circles). The eae alleles from 
North America and 1 from Australia (B1086) are novel but most similar to γ intimins. The eae alleles from Scotland and 1 from Australia 
(B101) are also novel but most similar to µ intimins. B) The E. albertii cdtB alleles from bird isolates, amplified by the s1/as1 primers, are 
most similar to cdtB types II, III, and V. E. albertii alleles from human isolates are marked with open circles. The bird E. albertii cdtB alleles 
amplified by the s2/as2 primers are distantly related to the other bird and human E. albertii alleles and are most similar to cdtB type I in E. 
coli. Because all the avian alleles amplified by the s2/as2 primers in each group are identical, only 1 sequence for each is shown.
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tant relative of E. coli, a divergent lineage in the genus Es-
cherichia, and novel diversity within the E. albertii species 
(Figure 1, inset).

PFGE Findings
PFGE showed that isolates from the 2 bird death 

epornithics (in Alaska and Scotland) each formed a clonal 
group (Figure 3), which suggests that these events were 
associated with expansion of a single clone from either a 
common source or bird-to-bird transmission. Overall, the 
PFGE banding patterns and dendrogram indicate that the 
isolates from birds and humans constitute a heterogeneous 
group, consistent with the heterogeneity identifi ed in eae 
and cdtB and by MLST.

Discussion
E. albertii is a recently described member of the Enter-

obacteriaceae and has been associated with diarrheal illness 
in humans (25–27). Until now, however, it has not been 
associated with disease or infection in animals. E. albertii 
was originally described as an unusual strain of H. alvei 
with virulence genes that included eae and the cdtABC 
operon (26,28). Subsequent characterization of these H. 
alvei strains demonstrated that they were members of the 
genus Escherichia (7,10,27) and constituted a new taxon 
for which the name E. albertii was proposed (7). The E. 
albertii lineage diverged before the radiation of E. coli and 
Shigella spp. and includes the atypical S. boydii serotypes 
7 and 13 (10). The prevalence, epidemiology, and clinical 
relevance of E. albertii are poorly defi ned, in part because 
E. albertii is likely to either remain unidentifi ed or be mis-
identifi ed by current commercial biochemical identifi cation 
methods as E. coli, H. alvei, S. boydii, or Yersinia ruckeri 
(7,29,30).

Our phenotypic, biochemical, 16S rRNA sequence, 
and MLST analyses are in strong agreement that the bird 
isolates in this study, including the previously identifi ed 
O86:K61 E. coli isolates from Scotland, are correctly classi-
fi ed as E. albertii. In addition, all bird isolates carried genes 
for 2 characteristic E. albertii virulence factors (intimin and 
cytolethal distending toxin). Our fi ndings indicate that E. 
albertii is likely pathogenic to birds and can be associated 
with epornithics and sporadic disease. The primary patho-
logic lesion in birds was consistent with enteritis, but the 
classic attaching-and-effacing lesions typically associated 
with eae-positive pathogens were not detected. The post-
mortem condition of the dead fi nches may have prevented 
such detection, but experimental work with chicks and the 
isolates from Scotland suggests that other disease mecha-
nisms need to be considered (9).

We also conclude that E. albertii is able to subclini-
cally colonize various species of wild birds globally. The 
determinants of pathogenicity of E. albertii in birds remain 
to be clarifi ed, but its isolation from diseased and healthy 
birds suggests that its epizoology in songbirds may resem-
ble that of S. enterica subsp. enterica serotype Typhimuri-
um, which is maintained by subclinical carriers and causes 
outbreaks of disease under conditions of increased stress or 
high bacterial doses (5,6,31).

The E. albertii isolates from birds in this study differed 
from those from humans in several notable ways, although 
the lack of phylogenetic clustering based on host of origin 
suggests that it would be premature to conclude that these 
differences are truly host related. First, all bird isolates 
produced indole from tryptophan, resulting in weak (43% 
level of confi dence) identifi cation as E. coli in contrast to 
indole-negative isolates from humans, which are identi-
fi ed as H. alvei (45% level of confi dence) according to API 
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Figure 3. Dendrogram (unweighted pair group 
method with arithmetic mean) of Escherichia 
albertii isolates from birds, based on pulsed-fi eld 
gel electrophoresis band profi les. Isolates from 
disease outbreaks in Alaska and Scotland form 
clonal groups, indicating that these outbreaks are 
associated with expansion of a single clone. The 
profi les for the other isolates indicate that the bird 
and human E. albertii isolates are heterogeneous 
and do not segregate on the basis of host, 
geographic origin, or disease status. Scale bar 
indicates percent similarity.
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20E databases. However, when the positive indole result 
is combined with the positive reaction for D-sorbitol found 
for some bird isolates, the identifi cation as E. coli is more 
robust (84%) and thus more likely to lead to misidentifi ca-
tion. Second, we demonstrated the presence of 2 different 
cdtB genes. Whether the presence of multiple cdtB genes in 
the human or other bird E. albertii isolates was missed for 
technical reasons, or whether these other isolates contain a 
single gene, requires further investigation.

In conclusion, E. albertii appears to be a pathogen of 
animals and humans and may be carried subclinically by 
some birds. E. albertii is a member of a more heteroge-
neous group than was previously appreciated, and addi-
tional variation will likely become apparent as additional 
isolates from other animal hosts and geographic regions are 
characterized. Whether E. albertii can be transmitted from 
animals to humans is unknown, although the eae, cdtB, 
MLST, and PFGE data indicating that the bird isolates 
cluster among isolates from humans suggest that zoonoses 
or anthroponoses are possible. Regardless, identifi cation of 
E. albertii in the clinical laboratory remains a challenge, 
and it is likely that this pathogen is often unidentifi ed or 
misidentifi ed in human and veterinary medicine.
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Virulent community-associated methicillin-resistant 
Staphylococcus-aureus (CA-MRSA) strains have spread 
rapidly in the United States. To characterize the degree to 
which CA-MRSA strains are imported into and transmitted 
in pediatric intensive care units (PICU), we performed a ret-
rospective study of children admitted to The Johns Hopkins 
Hospital PICU, March 1, 2007–May 31, 2008. We found that 
72 (6%) of 1,674 PICU patients were colonized with MRSA. 
MRSA-colonized patients were more likely to be younger 
(median age 3 years vs. 5 years; p = 0.02) and African 

American (p<0.001) and to have been hospitalized within 
12 months (p<0.001) than were noncolonized patients. 
MRSA isolates from 66 (92%) colonized patients were fi n-
gerprinted; 40 (61%) were genotypically CA-MRSA strains. 
CA-MRSA strains were isolated from 50% of patients who 
became colonized with MRSA and caused the only hospital-
acquired MRSA catheter-associated bloodstream infection 
in the cohort. Epidemic CA-MRSA strains are becoming 
endemic to PICUs, can be transmitted to hospitalized chil-
dren, and can cause invasive hospital-acquired infections. 
Further appraisal of MRSA control is needed.
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Methicillin-resistant Staphylococcus aureus (MRSA) 
frequently infects children. Traditionally, MRSA in-

fections were confi ned to those who frequented healthcare 
facilities or had predisposing healthcare-associated risk 
factors. In the 1990s, reports emerged of MRSA infections 
in healthy children in the community who had no predis-
posing risk factors (1). Community-onset MRSA infections 
were caused by MRSA strains belonging to the genotypes 
USA300 and USA400 (identifi ed by pulsed-fi eld gel elec-
trophoresis [PFGE]), also referred to as the community-
associated MRSA (CA-MRSA) strains (2,3). These CA-
MRSA strains are associated with increased production of 
toxins and are less resistant to antimicrobial drugs than are 
traditional hospital-acquired MRSA (HA-MRSA) strains 
(4,5). Although CA-MRSA strains usually cause mild skin 
and soft tissue infections, they can also cause severe and 
fatal disease (6–8).

As the community prevalence of MRSA has risen (9), 
more children colonized or infected with MRSA have been 
admitted to hospitals (10–12), especially with phenotypic 
CA-MRSA strains. Notably, CA-MRSA strains can cause 
outbreaks in hospitals (13) and have become a frequent 
cause of hospital-onset infections (14,15). Aside from ways 
to manage outbreaks (16) and a report that clinical cultures 
underestimate MRSA prevalence (17), little is known about 
the prevalence of MRSA colonization of hospitalized chil-
dren. The degree to which CA-MRSA strains are imported 
into and transmitted in high-risk settings such as pediatric 
intensive care units (PICUs) has not been determined. Un-
derstanding the effects of MRSA in hospitalized children is 
essential to guide, assess, and plan MRSA prevention and 
control programs among hospitalized children. Our objec-
tives were to measure the prevalence of MRSA colonization 
at the time of admission to the PICU and to determine the 
effects of CA-MRSA strains on MRSA colonization, trans-
mission, and hospital-acquired infections in the PICU.

Materials and Methods

Setting and Design
The Johns Hopkins Hospital is a 920-bed tertiary care 

academic medical center with an embedded 175-bed chil-
dren’s hospital. The institution serves Baltimore, Maryland, 
USA, and the surrounding area. The 26-bed PICU admits 
≈1,700 medical and surgical patients each year, includ-
ing patients needing hematopoietic stem cell transplants 
and organ transplants, as well as cardiac, orthopedic, and 
neurosurgical patients. Beginning March 1, 2007, as part 
of a hospital MRSA prevention and control program, the 
Department of Hospital Epidemiology and Infection Con-
trol initiated screening of patients for MRSA colonization 
at the time of admission to the PICU and weekly thereaf-
ter. Nares swab specimens were obtained by PICU nurses 

and cultured for MRSA as described later. Newly identifi ed 
patients or those known to be colonized or infected with 
MRSA were isolated in cohort groups. Compliance with 
admission screening was reported back to the unit monthly. 
Hospital policy required strict hand hygiene, use of stan-
dard precautions, and contact isolation for all patients colo-
nized or infected with MRSA.

During March 1, 2007–May 31, 2008, we performed a 
retrospective cohort study to identify all MRSA-colonized 
patients in the Johns Hopkins Hospital PICU, including 
those colonized at the time of admission and those who 
became colonized while in the PICU. If patients were ad-
mitted to the PICU multiple times, only the fi rst admission 
was included. The institutional review board approved this 
study and waived informed consent to review retrospective 
data collected during hospital care.

Defi nitions
MRSA colonization at the time of PICU admission 

was defi ned as having a nasal surveillance culture obtained 
at the time of admission that grew MRSA or any clinical 
culture that grew MRSA within 3 days of PICU admis-
sion (18,19). Known MRSA carriers were defi ned as any 
patients with an institutional history of MRSA coloniza-
tion or infection before PICU admission. Newly identifi ed 
MRSA patients (incident cases) had no institutional his-
tory of MRSA colonization or infection (either had nega-
tive cultures on prior admissions or clinic visits or had not 
previously been tested). Case-patients with incident MRSA 
became colonized or infected in the PICU and met the fol-
lowing criteria: 1) had a positive screening or clinical cul-
ture obtained >3 days after admission to the PICU (19), 2) 
had no institutional history of MRSA, and 3) had a previous 
negative culture from the same site during the current PICU 
admission. Incidence density was calculated as the number 
of incident MRSA cases per 1,000 patient-days at risk for 
MRSA acquisition (i.e., patient days during which patients 
were not known to be colonized or infected with MRSA). 
Healthcare-associated MRSA (HA-MRSA) infections met 
the criteria established by the National Healthcare Safety 
Network’s surveillance defi nition for healthcare-associated 
infections (20). CA-MRSA strains included those belong-
ing to the PFGE genotypes USA300 and USA400 (3). HA-
MRSA strains included those belonging to other PFGE 
genotypes.

Data Collection and Case Identifi cation
We searched a computerized surveillance support sys-

tem (Theradoc Inc., Salt Lake City, UT, USA) to identify 
all patients with microbiology cultures of samples from any 
body site that grew MRSA from March 1, 2007, through 
May 31, 2008, and to determine compliance in performing 
screening cultures at the time of PICU admission. Adminis-
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trative databases were searched to obtain patient character-
istics. Medical records were reviewed to determine wheth-
er MRSA infections met the National Healthcare Safety 
Network’s surveillance defi nition for healthcare-associated 
infections.

Laboratory Methods
Nasal surveillance swabs were plated on BBL 

CHROMagar MRSA plates (BD Diagnostics, Sparks, MD, 
USA), a selective and differential medium to detect MRSA. 
Mauve-colored colonies present after 24 or 48 hours of incu-
bation were confi rmed as S. aureus by Gram stain and slide 
coagulase testing (21). We performed PFGE on available 
stored isolates. DNA was extracted and digested by using 
Sma1 (22,23). We used S. aureus subspecies NCTC 8325 as 
a control strain, and all USA PFGE strain types were includ-
ed for comparison (3). The USA type strains were obtained 
through the Network of Antimicrobial Resistance in Staphy-
lococcus aureus program (supported under National Insti-
tute of Allergy and Infectious Diseases/National Institutes of 
Health contract no. HHSN272200700055C). We performed 
PFGE on the CHEF-DR III (BioRad Laboratories, Hercu-
les, CA, USA). Gels were stained and scanned by using a 
molecular analysis fi ngerprinting software (Fingerprinting II 
Version 3.0; BioRad Laboratories). We considered isolates 
to be related if their patterns had <3 band differences (3) and 
to be unrelated if they had >3 band differences.

Statistical Analysis
Data were maintained in Microsoft Access 2003 (Mi-

crosoft Corp., Redmond, WA, USA) and analyzed by using 
Stata version 10.0 (StataCorp., College Station, TX, USA). 
Means, medians, and interquartile ranges (IQRs) were cal-
culated for select demographic variables. Categorical vari-
ables were expressed as numbers and percentages. Com-
parisons were made by using the Pearson χ2 or Fisher exact 
test. For continuous variables, the Student t test or the Wil-

coxon rank-sum test was used to compare groups, depend-
ing on the distribution of the data. Logistic regression was 
used to calculate odds ratios (ORs) and 95% confi dence 
intervals (CIs) and to evaluate the strength of associations. 
A pairwise correlation coeffi cient was calculated to assess 
an association between incident cases and monthly admis-
sion colonization prevalence. A 2-tailed p value <0.05 was 
considered signifi cant for all statistical tests.

Results
From March 1, 2007, through May 31, 2008, 1,674 

children were admitted to the Johns Hopkins Hospital 
PICU. The median age was 5 years (IQR 1–12 years), and 
55% of patients were male. Only 53 patients (3.2%) had 
an institutional history of MRSA colonization or infection. 
Screening cultures were performed on nasal swabs from 
1,210 children (72%) obtained at the time of PICU admis-
sion. When patients that were screened were compared 
with those that were not screened, screened patients were 
more likely to have been hospitalized in the previous 12 
months (29% vs. 22%, p<0.01). No other signifi cant differ-
ences in demographic or clinical characteristics were found 
between those patients screened for MRSA colonization 
and those not screened (Table 1).

At the time of admission to PICU, 72 (6.0%) patients 
were colonized with MRSA: 68 patients (94%) identifi ed 
by results of nasal screening cultures and 4 patients whose 
clinical culture grew MRSA within 3 days of PICU admis-
sion. Characteristics of patients colonized with MRSA at 
the time of admission (group 1, currently colonized) were 
compared with those of patients not colonized with MRSA 
and never known to be colonized (group 2, never colo-
nized) and patients not colonized with MRSA at admission 
but who had an institutional history of prior colonization or 
infection (group 3, previously colonized) (Table 2). Com-
pared with never-colonized patients, MRSA-colonized pa-
tients tended to be younger (median age 3 years vs. 5 years, 
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Table 1. Characteristics of patients screened for and not screened for MRSA colonization at the time of PICU admission, The Johns
Hopkins University Hospital, Baltimore, MD, USA, March 2007–May 2008* 

Characteristic
Patients screened for MRSA,  

n = 1,210
Patients not screened for MRSA,  

n = 464 p value
Demographic
 Median age, y (IQR) 5 (0–12) 6 (1–12) 0.28
 Male sex 667 (55) 255 (56) 0.78
 Race 
  White 676 (56) 234 (51) Referent† 
  African American 403 (33) 173 (37) 0.07
  Other 131 (11) 57 (12) 0.19
Clinical
 Known MRSA carrier‡ 41 (3) 12 (3) 0.40
 Hospitalized in previous 12 mo 355 (29) 102 (22) <0.01
*MRSA, methicillin-resistant Staphylococcus aureus; PICU, pediatric intensive care unit; IQR, interquartile range. Values reported as no. (%) unless 
otherwise specified. 
†Obtained from univariate logistic regression analysis. 
‡Patients with institutional history of MRSA colonization or infection. 
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p = 0.02), to be African American (54% vs. 32%; p<0.001), 
and to have been hospitalized in the previous 12 months 
(p<0.001). MRSA-colonized patients had a longer stay in 
the PICU (3 days vs. 2 days, p<0.001) and a longer stay in 
the hospital (8 days vs. 5 days; p<0.01). MRSA-colonized 
patients tended to be younger than previously colonized pa-
tients (median age 3 years vs. 10.5 years; p<0.01), but these 
2 groups were otherwise similar.

Of the 72 MRSA colonized patients, 54 (75%) were 
newly identifi ed MRSA carriers (51 by screening cultures 
and 3 by clinical cultures). Of the 51 patients newly identi-
fi ed by screening cultures, 8 (16%) had a subsequent clini-
cal culture grow MRSA during their PICU stay. Therefore, 
43 (60%) of 72 MRSA-colonized patients would have gone 
undetected had admission screening cultures not been per-
formed. Most MRSA-colonized patients were <6 years of 
age (71%) and African American (54%). Eighteen percent 
were admitted from an in-patient unit, and in the previous 
12 months, 58% had been hospitalized and 43% had been 
admitted to the PICU.

MRSA isolates from 66 (92%) of 72 patients colo-
nized with MRSA at the time of admission were analyzed 
by PFGE; 14 distinct strains were identifi ed (Figure). Forty 
(61%) isolates were CA-MRSA strains, including those 
identical to or related to PFGE types USA300 (n = 39) 
and USA400 (n = 1). Twenty-six isolates (39%) were HA-
MRSA strains related to USA100 (n = 11), USA200 (n = 
1), USA700 (n = 1), and 8 other strains had unique PFGE 
fi ngerprints (n = 13). Many isolates did not have identical 
band patterns, but they did have <3 band differences and 
were considered related strains (3).

Patients colonized with CA-MRSA were compared 
with those colonized with HA-MRSA (Table 3). Patients 
colonized with CA-MRSA strains were less likely to have 
been admitted to the PICU within the previous 12 months 
(OR 0.31; 95% CI 0.11–0.84). No signifi cant differences 
were found between the 2 groups in other demographic, 
clinical, or outcome characteristics, including median age, 
sex, number of newly identifi ed MRSA carriers, length of 
stay in the hospital before PICU admission, admission from 
home or patient care unit, admission to a medical or surgi-
cal service, PICU length of stay, or hospital length of stay.

To identify patients who became colonized with MRSA 
while in the PICU, MRSA screening cultures from nares 
specimens were sent weekly, and clinical cultures from pa-
tients in the PICU for >3 days were monitored. During the 
study period, 8 incident MRSA cases were identifi ed (Ta-
ble 4), an incidence density of 1.01 cases per 1,000 patient 
days at risk. No correlation was shown between monthly 
colonization prevalence at time of admission and incident 
MRSA cases (p = 0.09). Six (75%) of 8 incident cases were 
identifi ed by a screening culture. Of these 6 patients, 2 had 
subsequent clinical cultures grow MRSA. If weekly MRSA 
screening cultures were not performed, only 4 (50%) of 8 
incident MRSA cases would have been identifi ed. Patients 
with incident MRSA cases were in the PICU for a median 
of 6 days (range 5–24 days) before acquiring MRSA and 
had a median age of 6 years (range 1–11 years). Seven 
(88%) of 8 MRSA isolates were available for PFGE analy-
sis. Four (57%) of 7 isolates were identical to or related to 
PFGE-type USA300, documenting healthcare-associated 
transmission of CA-MRSA strains. Six (75%) of 8 patients 
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Table 2. Characteristics of patients with and without MRSA colonization at the time of PICU admission, The Johns Hopkins University 
Hospital, Baltimore, MD, USA, March 2007–May 2008*

Characteristic Group 1,† n = 72 Group 2,‡ n = 1,117 Group 3, n = 24§

p value
Group 2 vs. 

group 1
Group 3 vs. 

group 1
Demographic
 Median age, y (IQR) 3 (0–7.5) 5 (1–12) 10.5 (3–13) 0.02 <0.01
 Male sex 38 (53) 616 (55) 13 (54) 0.69 0.91
 Race
  White 28 (39) 640 (57) 10 (42) Referent¶ Referent¶ 
  African American 39 (54) 352 (32) 13 (54) <0.001 0.89
  Other 5 (7) 126 (11) 1 (4) 0.86 0.62
Clinical
 Known MRSA carrier# 18 (25) 0 (0) 24 (100) 
 Hospitalization in previous 12 mo 42 (58) 308 (28) 14 (58) <0.001 0.41
Outcomes
 PICU length of stay,** median (IQR) 3 (1–7) 2 (1–4) 2.5 (1–9) <0.001 0.96
 Hospital length of stay,** median (IQR) 8 (3.5–15.5) 5 (3–10) 6 (3/5–14.5) <0.01 0.70
*MRSA, methicillin-resistant Staphylococcus aureus; PICU, pediatric intensive care unit; IQR, interquartile range. Values reported as no. (%) unless 
otherwise specified. 
†MRSA colonized: patients who had MRSA grow in an admission nasal surveillance culture or in any clinical culture within 3 days of PICU admission. 
‡Not MRSA colonized/no institutional history of MRSA colonization. 
§Not MRSA colonized/institutional history of MRSA colonization. 
¶Obtained from univariate logistic regression analysis. 
#Patients with institutional history of MRSA colonization or infection. 
**Data were log transformed before regression analysis to account for skewing. 
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with incident cases were admitted to a surgical service. Of 
the patients who became colonized with MRSA, 3 (38%) 
acquired a subsequent MRSA infection during their stay 
in the PICU (1 central-line–associated bloodstream infec-
tion, 1 case of ventilator-associated pneumonia, 1 case of 
ventilator-associated tracheitis). Both respiratory infections 
were caused by PFGE strain A, a strain that was not associ-
ated with colonization of any patients at the time of PICU 
admission. The only HA-MRSA bloodstream infection was 
caused by a USA300-related strain.

Discussion
These data describe the prevalence of MRSA coloni-

zation in patients admitted to the PICU and suggest that 
CA-MRSA strains may be becoming endemic in hospital-
ized children. We found that 6.0% of patients screened at 
the time of admission to the PICU were colonized with 
MRSA. Most (60%) MRSA-colonized patients would not 
have been recognized if admission screening cultures had 
not been performed. Sixty-one percent of MRSA colonized 
patients harbored CA-MRSA strains, mostly USA300. Our 
data show that epidemic CA-MRSA strains are endemic to 
the PICU. These strains can be transmitted to children in 
the hospital and can cause invasive hospital-acquired infec-
tions, including bacteremia.

Aside from how to manage an MRSA outbreak, little 
research has attempted to characterize the epidemiology of 
MRSA colonization and transmission in the PICU. The lack 
of research in PICU patients is surprising, given the abun-
dance of published articles that have characterized the epide-
miology of MRSA in adult ICU patients (24,25). Our fi nd-
ings agree with those of studies of adult patients: screening 
cultures detect a large reservoir of MRSA-colonized patients, 
cases that would otherwise go undetected (18,24). Most 
(75%) patients colonized at the time of PICU admission had 

no institutional history of MRSA colonization or infection. 
MRSA-colonized patients serve as a reservoir for contami-
nation of healthcare workers’ hands and subsequent MRSA 
transmission to patients. Active detection and isolation of 
MRSA carriers can reduce MRSA transmission in hospitals 
(26,27). Given the risk to patients for MRSA acquisition and 
subsequent infection (28), many hospitals screen high-risk 
populations to identify MRSA carriers. In an attempt to curb 
the spread of MRSA in healthcare facilities, some states have 
passed legislation mandating MRSA screening.

As the community prevalence of MRSA has risen (9), 
more children infected with MRSA have been admitted 
to hospitals (10,11). Our data suggest that these patients 
represent a small fraction of the patients colonized with 
CA-MRSA strains who enter the hospital. We found that 
61% of children colonized with MRSA at the time of PICU 
admission harbored a CA-MRSA strain. Findings from a 
previous cohort showed a lower percentage of colonization 
with CA-MRSA strains (29). Among patients >13 years 
of age who were admitted to an urban hospital in Atlanta, 
7.3% were colonized with MRSA, and 30% of those were 
colonized with CA-MRSA strains (29).

Several factors may explain the high prevalence of col-
onization with CA-MRSA strains in our cohort. First, the 
community prevalence of MRSA colonization in children 
is increasing nationwide and in Baltimore (30–32), largely 
the result of spread of CA-MRSA strains. Second, children 
generally have less exposure to healthcare settings where 
they would be exposed to traditional HA-MRSA strains. 
Third, children frequently are in settings of close personal 
contact where opportunities for hygiene may be limited, 
such as day care, schools, and sports teams, settings postu-
lated as high-risk environments for MRSA transmission.

Notably, children in this study who were colonized 
with MRSA at the time of admission to PICU were more 
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Figure. Dendrogram of methicillin-resistant 
Staphylococcus aureus strains that colonized 
children admitted to the pediatric intensive 
care unit, The Johns Hopkins Hospital, 
Baltimore, MD, USA, 2007–2008. Isolates 
were characterized by pulsed-fi eld gel 
electrophoresis (PFGE). Not all strains within 
a PFGE type had identical patterns, but 
strains were considered related with <3 band 
differences; 66 isolates were analyzed. The 
number of isolates related to each PFGE type 
is listed. *Reference strains.
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likely to be younger and African American. Our fi nding of 
younger age is consistent with data from the 2003–2004 
Centers for Disease Control and Prevention National Health 
and Nutrition Examination Survey Nasal Swab survey, 
which found that children 1–5 years of age had the second 
highest MRSA colonization rates, behind adults >60 years 
of age (R. Gorwitz, pers. comm.). Similarly, we found that 
children with previous, but not current, MRSA colonization 
tended to be older. Why colonization prevalence is different 
in various pediatric age groups remains unknown. Previ-
ous studies have found racial disparities in rates of invasive 
MRSA disease (6,33). In a 2007 report by Klevens et al., 
incidence rates of invasive MRSA disease were more than 
twice as high for African Americans than for whites, and 
mortality rates were 80% higher for African Americans (7). 
The reason for these racial disparities is unknown. MRSA 
colonization is a known risk factor for invasive MRSA, so 
higher colonization rates in African Americans may in part 
explain higher rates of invasive disease.

CA-MRSA strains are changing the landscape of 
MRSA infection prevention and control in hospitals. We 
found that CA-MRSA strain USA300 was the most com-
monly acquired MRSA strain identifi ed in the PICU. All 
patients who acquired MRSA had negative nares swab cul-
tures at the time of PICU admission, and all subsequently 
exhibited MRSA nasal colonization. Of 8 patients, 3 (38%) 
had subsequent MRSA infection during their PICU stay. 
We were unable to monitor these patients after PICU dis-

charge and likely have underestimated their long-term risk 
for subsequent MRSA infection. CA-MRSA strains, with 
the potential to spread rapidly and cause severe disease, 
have now been shown to cause hospital-acquired infections 
and hospital outbreaks (7,13–15). Hospital outbreaks con-
fi rm that CA-MRSA strains can be transmitted and acquired 
in the healthcare setting. The role of CA-MRSA strains in 
endemic MRSA transmission has not been elucidated. The 
extent to which endemic CA-MRSA strains will affect the 
epidemiology of HA-MRSA transmission and infections 
remains unknown. Our data suggest that this topic requires 
further study.

As CA-MRSA strains become more prevalent in hos-
pitals, the importance of distinguishing between MRSA 
strains remains unclear. However, CA-MRSA strains appear 
to be highly transmissible and may have increased virulence 
(33–35). When attempting to distinguish between patients 
colonized with CA-MRSA strains and those colonized with 
non–CA-MRSA strains, we found that patients colonized 
with HA-MRSA strains were 3× more likely to have been 
admitted to an ICU within the previous 12 months. Other 
demographic characteristics did not differ between the 
groups. Overall, our fi ndings agree with those of other stud-
ies that have shown that demographic data and risk factors 
may not reliably distinguish between patients colonized or 
those infected with various MRSA strains (14,36).

Our study has several limitations. First, only nares 
cultures were performed to identify asymptomatic MRSA 
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Table 3. Characteristics of patients colonized with different MRSA strain types at the time of PICU admission, The Johns Hopkins
Hospital, Baltimore, MD, USA, March 2007–May 2008* 

Characteristic
Patients colonized with  
CA-MRSA strain, n = 40

Patients colonized with  
HA-MRSA strain, n = 26 OR (95% CI)†

Demographic
 Median age, y (IQR) 3.8 (1.0–5.9) 4.0 (1.0–9.5) 0.98 (0.90–1.07) 
 Male sex 22 (55) 14 (54) 1.05 (0.39–2.82) 
 Race
  White 15 (35) 9 (38) Referent 
  African American 23 (58) 13 (50) 1.1 (0.36–3.10) 
  Other 2 (5) 4 (15) 0.3 (0.05–1.98) 
Clinical
 Newly identified MRSA carrier 32 (80) 20 (77) 1.2 (0.36–3.97) 
 Hospitalized in previous 12 mo 20 (50) 19 (73) 0.37 (0.13–1.07) 
 ICU admission in previous 12 mo 13 (33) 26 (62) 0.31 (0.11–0.84) 
 Length of stay in hospital before  
 PICU admission, median (range)

0 (0–28) 0 (0–14) 1.02 (0.92–1.15) 

Primary service 
 Medical 24 (60) 12 (46) Referent 
 Surgical 16 (40) 14 (54) 0.57 (0.21–1.55) 
 Admitted to PICU from inpatient unit 6 (19) 5 (15) 0.74 (0.20–2.73) 
Outcomes
 PICU length of stay,‡ median (IQR) 3 (1–7.5) 3 (2–7) 1.05 (0.79–1.40) 
 Hospital length of stay,‡ median (IQR) 8 (4.5–28.5) 8.5 (3–15) 1.04 (0.97–2.04) 
*MRSA, methicillin-resistant Staphylococcus aureus; PICU, pediatric intensive care unit; CA-MRSA, community-associated MRSA; HA-MRSA, hospital-
associated MRSA; OR, odds ratio; CI, confidence interval; IQR, interquartile range. Values reported as no. (%) unless otherwise specified. 
†Obtained from univariate logistic regression analysis. 
‡Data were log transformed before regression analysis to account for skewing. 
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carriers at the time of admission to the PICU. Recent stud-
ies have shown that screening extranasal sites or subtances, 
such as throat, axilla, perineum, or stool can increase the 
detection of MRSA carriers (37,38), especially those colo-
nized with CA-MRSA strains. However, the best sites to 
detect MRSA, in combination with nasal culture, remain 
unclear (38). Nares cultures, if poorly carried out, can 
have false-negative results. Therefore, if we misclassifi ed 
MRSA carriers with negative nasal screening cultures, we 
may have underestimated the MRSA prevalence. Sensitive, 
yet cost-effective, methods of screening for MRSA coloni-
zation are still needed. 

The second limitation is that admission screening cul-
tures were instituted in March 2007, and compliance with 
screening was only 72%. Our PICU did not have admission 
order sets, and in the absence of a physician’s written order, 
cultures were not always performed. Compliance improved 
over time with initiation of a patient order entry system, 
a visual reminder to perform screening cultures on the 
front of the patient’s chart, and frequent compliance audit-
ing by the nurse manager. However, given the similarities 
between screened and unscreened patients, we expect that 
our measured prevalence was representative of the entire 
cohort. Third, our PICU has low MRSA incidence rates 
and may have a low prevalence of MRSA colonization at 
the time of admission compared with other PICUs. These 
conditions may limit how our fi ndings can be generalized 
to other institutions.

Overall, we found that epidemic CA-MRSA strains are 
likely endemic to PICUs. These virulent and transmissible 
strains are entering the PICU through infected or colonized 
patients, they are being transmitted to children, and they are 
responsible for hospital-onset MRSA infections. CA-MR-
SA strains often colonize children without healthcare-asso-
ciated risk factors. Traditional infection-control strategies, 
in which risk factors are used to target high-risk patients 
for screening and intervention, may prove insuffi cient for 
MRSA. Future studies to determine optimal approaches to 

control MRSA transmission in hospitalized children are 
needed. As CA-MRSA strains enter the hospital environ-
ment, the increased frequency of methicillin resistance and 
the coexistence of multiple strain types may lead to the 
selection of novel MRSA strains with enhanced capacity 
for transmission and infection. These conditions would be 
especially concerning with regard to children, for whom 
a more restricted antimicrobial drug arsenal is available. 
Sound epidemiologic investigation and feasible interven-
tions are needed to control MRSA and protect hospitalized 
children.
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Vellore, a region in southern India, has a high inci-
dence of severe human infections with β-hemolytic group 
C and G streptococci (GCGS). To determine the causative 
species in these infections, we conducted 16S rRNA gene 
sequencing: Streptococcus dysgalactiae subsp. equisimilis 
(81%) and S. anginosus (19%) were the causative organ-
isms in the 2-year study period (2006–2007). We used PCR 
to detect the virulence-related emm gene; results showed 
that it was restricted to S. dysgalactieae subsp. equisimilis 
isolates of 99.2% tested positive. Due to a novel marker, 
S. anginosus and S. constellatus can be quickly and ac-
curately distinguished from other members of the genus. 
The notable contribution of the anginosus group to human 
infections suggests that this group of obligate pathogens 
deserves more attention in healthcare and research.

Group C and group G streptococci (together GCGS) 
were fi rst recognized as human pathogens in 1935 

by Lancefi eld and Hare (1). Since then, awareness about 
their importance has greatly increased, especially within 
recent years (2–6). Similar to infections with Streptococ-
cus pyogenes, the prime example of a pyogenic streptococ-
cal pathogen, infections with GCGS can develop into life-
threatening necrotizing fasciitis, sepsis, and streptococcal 
toxic shock–like syndrome. Lancefi eld groups C and G 
comprise a variety of species; one of those species, Strepto-

coccus dysgalactiae subsp. equisimilis (SDSE), frequently 
causes human infections. This species can cause the whole 
spectrum of infections caused by S. pyogenes (4,5).

SDSE likely owes its virulence in humans to homologs 
of prominent S. pyogenes virulence genes (7,8). Most SDSE 
strains isolated from human infections possess emm genes 
(9,10), which code for the potent virulence factor called 
M protein (11). This surface localized protein contributes 
substantially toward the virulence of both S. pyogenes and 
SDSE in human hosts because it acts as an adhesin, invasin, 
and antiphagocytic factor (11). Strain-to-strain variability 
in the N terminus of M proteins, driven by the adaptive 
immune response of the host, has led to a vast emm type di-
versity. More than 100 genetically distinct M proteins exist 
within the GCGS group and form the basis for emm geno-
typing (12). However, SDSE is not the only species that 
causes severe diseases in humans. The variety of GCGS 
includes the typical animal pathogens S. equi subsp. zooep-
idemicus (group C) and S. canis (group G), which have the 
potential to cause zoonotic infections (13,14). Other strep-
tococcal species that are pathogenic in humans and that oc-
casionally expose groups C and G carbohydrates are gath-
ered under the umbrella term anginosus group (15).

In the literature, the designation S. milleri (16) has 
often been used for streptococci of this group, although it 
has never been an offi cially approved name (15). Strepto-
cocci of the anginosus group can reside commensally in the 
human oral cavity but have a certain propensity to cause 
pharyngitis, bacteremia, and serious purulent infections in 
the deep neck and soft tissue and in internal organs such 
as the brain, lung, and liver (17–25). The bacteria cause 
severe infections after surgical treatments and infect im-
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planted material, thereby posing a problem of substantial 
clinical relevance (20,26,27). The species diversity within 
the GCGS highlights the limits of Lancefi eld grouping by 
agglutination assays, the typically applied method in the 
diagnosis of streptococcal infections. The genetically dis-
tinct GCGS species differ in pathogenesis, virulence mech-
anisms, and antimicrobial drug susceptibility. Thus, fi nding 
the optimal treatment regimen can be facilitated by species 
determination. Diagnosis of anginosus group infections is 
particularly diffi cult. The group comprises the species S. 
anginosus, S. intermedius, and S. constellatus of which the 
2 subspecies, S. constellatus subsp. constellatus and S. con-
stellatus subsp. pharyngis, are further distinguished. Iden-
tifi cation of the anginosus group is complicated by wide 
phenotypic and antigenic diversity, even within 1 species. 
Although most anginosus group isolates belong to the 
non-β-hemolytic oral streptococci, β-hemolytic strains are 
found in all 3 species. Some anginosus group strains carry a 
typeable Lancefi eld group antigen, which belongs to group 
F, C, G, or A (28).

Routine microbiologic diagnosis of streptococcal in-
fections is often restricted to determination of the type of 
hemolysis and of the Lancefi eld group. Identifi cation of 
streptococci to the species level is rarely carried out. This 
leaves a considerable risk for misidentifi cation of caus-
ative pathogens, which can lead to an inappropriate treat-
ment of the infection (29–31). As a further consequence 
of the complications associated with species determination, 
insight into the epidemiology of infections with certain 
streptococci remains imprecise, and the epidemiology of 
the anginosus group, in particular, remains widely elusive. 
Comprehensive insights are missing that could enable cli-
nicians to reevaluate respective diagnostic and therapeutic 
routines. Moreover, such insights may stimulate research 
that aims at clarifying the pathogenesis of these streptococ-
cal species and the development of specialized treatments 
and prevention strategies. These goals have motivated our 
cross-species study of human pathogenic GCGS from Vel-
lore, India, a region with a high incidence of such infec-
tions. Examination of epidemiologic contributions of the 
different streptococcal species was combined with a cross-
species screening for emm genes, which identifi ed a novel 
gene in S. anginosus and S. constellatus. The use of this 
gene as a marker for fast detection of infections caused by 
these 2 streptococcal species was investigated.

Methods

Bacterial Strains, Lancefi eld Typing, 
and Genomic DNA 

Clinical isolates of group G and group C streptococci 
were collected at the Department of Clinical Microbiol-
ogy, Christian Medical College, Vellore, India, from 2006 

through 2007. The collection comprised isolates from pa-
tients with pharyngitis (throat swabs), patients with respira-
tory (sputum) and urinary tract infections (urine), and from 
other suppurative foci (pus) and blood. Streptococci were 
collected from 2004 through 2006 at the University Hospi-
tal in Leipzig, Germany. The isolates were recovered from 
blood cultures, wound swabs, aspirates of peritonsillar ab-
scesses, abscesses in the inner body, and catheter tips. The 
collection was typed as described previously (32). Bacterial 
strains were subcultured on Columbia agar with 5% sheep 
blood (Becton-Dickinson, Franklin Lakes, NJ, USA). Cul-
tures from single colonies were grown overnight (37°C in 
5% CO2) in Todd-Hewitt broth (Becton-Dickinson) supple-
mented with 0.5% yeast extract. The Lancefi eld group was 
determined by using the Slidex streptococcal grouping kit 
(Oxoid, Basingstoke, UK). Genomic DNA was isolated by 
using the DNeasy Blood and Tissue Kit (QIAGEN, Hilden, 
Germany) according to the manufacturer’s protocol with 
a minor variation: the incubation with proteinase K was 
carried out at 70°C for 30 min.

Sequencing of emm and 16S rRNA Genes
Amplifi cation of emm genes from streptococcal ge-

nomic DNA samples was performed by using the primers 
1 and 2 recommended by the Centers for Disease Control 
and Prevention (12) (emm-PCR). To amplify the 16S rRNA 
gene, PCR was performed with a pair of generic primers: 
16S rDNA fwd and 16S rDNA rev (Table 1), for gram-
positive bacteria as described (33). PCR experiments were 
analyzed by agarose (1%) gel electrophoresis. PCR prod-
ucts were purifi ed by using the QIAGEN PCR purifi cation 
Kit (QIAGEN, Hilden, Germany) and sequenced by using 
primer 16S rDNA fwd (Table 1), the Big Dye Terminator 
reaction, and an ABI Prism 377 system (Applied Biosys-
tems, Foster City, CA, USA).

Inverse PCR and Sequencing of a Marker 
of S. anginosus and S. constellatus

Application of emm-PCR on the genomic DNA of S. 
anginosus strain SV52 produced a 1.1-kb amplicon, sub-
sequently identifi ed as a fragment of a marker of S. an-
ginosus and S. constellatus (moac). The fragment was 
cloned into the pCR2.1-TOPO vector by using the TOPO 
TA cloning kit (Invitrogen, Carlsbad, CA, USA) and 
then sequenced by using primers M13 rev and M13 fwd 
(Table 1). Inverse PCR was used to amplify the genomic 
DNA segments fl anking the 1.1-kb fragment of moac. Ge-
nomic DNA (1 μg) was digested separately with 1–3 of 
the following enzymes: AseI, AvrII, BamHI, BglII, BsaI, 
BseYI, EcoRI, HindIII, NdeI, NsiI, PstI, SacI, SalI, SpeI, 
XbaI, XhoI (New England Biolabs, Ipswich, MA, USA). 
Digestion was carried out for 16 h under conditions rec-
ommended by the manufacturer. Digested genomic DNA 
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was diluted both 100-fold and 10-fold before self-ligation 
with 160 U ligase (16 h, 16°C). Afterwards the ligations 
were used as a template in PCR experiments with different 
combinations of the primers moac1 to moac14 (Table 1). 
PCR was performed in a thermocycler (Biometra GmbH, 
Goettingen, Germany) with an initial denaturation step (4 
min at 96°C), followed by 30 cycles of denaturation (40 s 
at 94°C), annealing (30 s at 56°C), and extension (1 min, 30 
s, up to 3 min, 72°C). A fi nal extension was carried out for 
5 min at 72°C. PCR products were analyzed, purifi ed, and 
sequenced as described above.

Screening for moac
Isolated genomic DNA was tested by PCR for the 

presence of the moac gene. For this purpose, 2 primer 
pairs (Table 1) were used to amplify a 3,272-bp fragment 
(primers: moac-SP, moac-TMH7) and a 962-bp internal 
fragment (primers: moac-BamHI, moac-SalI) of moac, 
respectively. For amplifi cation of the 962-bp fragment, 
initial denaturation (4 min at 96°C) was followed by 25 
cycles of denaturation (40 s at 94°C), annealing (30 s at 
53°C), and extension (1 min 30 s at 72°C), and then by 
a fi nal extension step for 5 min at 72°C. The 3,272-bp 
fragment was amplifi ed with 30 cycles by using an an-
nealing temperature of 50°C and an extension time of 3 
min, 20 s. The PCR products were analyzed, purifi ed, and 
sequenced as described above.

Sequence Analysis
Sequence data were processed and analyzed by using 

the software BioEdit version 7.0.1 (Isis Pharmaceuticals, 
Carlsbad, CA, USA). Coiled coil structures and transmem-
brane helixes were predicted with the Web-based programs 
Coils (34) and TMHMM Server v. 2.0 (35), respectively.

Results

Typing of GCGS Isolates and Screening 
for emm (-like) Genes 

The Vellore region in India has a high incidence of 
group C and G streptococcal infections (36). For charac-
terization of local pathogenic GCGS strains, 313 isolates 
were collected from patients with suppurative or invasive 
infections at the Christian Medical College. The study was 
designed to be cross-species; therefore, the only preselec-
tion criteria applied were type of hemolysis and Lancefi eld 
type. Sequencing showed that 254 of the strains showed 
highest homology with the 16S rRNA gene from SDSE and 
that the sequences of the remaining 59 strains were homol-
ogous to S. anginosus (Table 2). Notably, all S. anginosus 
strains belonged to Lancefi eld group G. M proteins have 
a fundamental role in streptococcal infections. Therefore, 
and because of a potential power to discriminate between 
SDSE and anginosus group strains, the collection was ex-
amined by emm-PCR (12) (Table 2). Specifi c PCR prod-
ucts were obtained for 252 of the 313 stains. Two of the 
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Table 1. Sequences of primers used in study of groups C and G streptococci, Vellore, India, and Leipzig, Germany* 
Name Sequence (5′  3′) Application 
16S rDNA fwd AGAGTTTGATCCTGGCTC 16S rDNA amplification 
16S rDNA rev GGTTACCTTGTTACGACTT
Primer 1 TATTCGCTTAGAAAATTAA emm amplification 
Primer 2 GCAAGTTCTTCAGCTTGTTT 
M13 rev CAATTTCACACAGGAAACAGCTATGAC Sequencing of 1.1-kb fragment of moac 
M13 fwd GTAAAACGACGGCCAGTGAATTG
moac1 CAAGGAATTGATTCAGCAACAGTGC Inverse PCR and sequencing of moac 
moac3 CTTCTCAACAAGCATTGGCAGATGC
moac6 GTGTGTATACACGTCGGACATTTCC
moac7 GGTACAGTAATGGGAAGTTTGTTAGG 
moac8 GCGGATTGACTTCATTTGGCGTCG
moac9 GGTTTGGGGATGTCTTCTTCCATGG
moac10 GCATCTCAAATCAGACGAGCAAGC
moac11 CTTGAACTTGTCTTCGCATGGAGC
moac12 GACTATTATCAAACGGTATTTGCTCG
moac2 CCAATTCACTTGAATTGACGAATCC
moac4 GCCCAACCTGAAGACAGTTGAGC
moac5 CTGACGAAAAGAGAGCCAGATATCC
moac13 CTGATACCATAATCTGACATCACTGC
moac14 GAAGTTGAACTATCTCCAATCACCG
moac-SP ATGAAAAAATCCATTCTAAATAAGGATATC Screening for 3,272-bp fragment of moac 
moac-TMH7 AAGACTGGCACAAGATATAC
moac-BamH1 GCGGATCCGGTCATTTTCCAAGCAAGG Screening for 962-bp fragment of moac 
moac-Sal1 GCTGTCGACTTATTAAATTCAGCCTGCTTTTTCTCC
*moac, marker of Streptococcus anginosus and S. constellatus. 
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SDSE strains and the 59 anginosus group strains were not 
emm-typeable. The SDSE strains comprised 44 different 
emm types, of which 2, stG120 and stG351, have not been 
previously described (Table 3).

Characteristics of a Newly Discovered 
Open Reading Frame of S. anginosus

Our recent survey at the University Hospital in Leipzig, 
comprising 127 cases of severe infections with oral strepto-
cocci, found that a large number of infections were caused 
by strains that belonged to the anginosus group (26%). We 
included the anginosus group strains from the Leipzig col-
lection in the emm-typing experiments described above to 
increase the number of isolates and the phenotypic diversity 
of the collection in terms of Lancefi eld antigen and type of 
hemolysis. Like the S. anginosus strains from Vellore, none 
of the 33 strains from Leipzig was emm-typeable. Under 
less stringent conditions, the PCR produced a low concen-
tration amplicon of 1.1 kb (Figure). 

Sequencing of the of 1.1-kb PCR product did not show 
considerable similarities with emm-genes, however, the lack 
of stop codons in 1 frame of translation motivated further in-
vestigations on that PCR product. Inverted PCR experiments 
on S. anginosus strain SV52 identifi ed an open reading frame 
(ORF) of 3,363-bp (GenBank accession no. GQ456155). 
Computational analysis predicts a 124-kDa membrane pro-
tein with 7 transmembrane sequences and a signal peptide 
for secretion (Figure). The predicted protein further consists 
of 2 larger extracellular regions, one of 23 kDa located be-

tween the fourth and fi fth transmembrane sequence and one 
of 60 kDa at its N terminal end. The central part of the N 
terminal extracellular region contains a stretch of heptad-
repeats (aa 204 to 520 of the mature protein), which may en-
able coiled-coil oligomerization. Other than this, the protein 
has no obvious or signifi cant features of an M- or M-related 
protein. Prediction of 7 transmembrane sequences suggests 
a receptor function or a function in transport processes. The 
latter assumption is corroborated by a high similarity of the 
protein sequence to numerous bacterial permease compo-
nents of ATP-binding cassette transporters.

Distinguishing of S. anginosus and S. constellatus 
from Other Oral Streptococci by a Newly 
Discovered ORF

The distribution of the newly discovered ORF in the 
Leipzig collection of oral streptococci was examined by 
PCR with 2 different primer pairs (Table 1). Both primer 
combinations gave identical results. The collection consists 
of 127 clinical isolates of which 33 belong to the anginosus 
group (17 S. anginosus, 8 S. constellatus subsp. constel-
latus, 4 S. constellatus subsp. pharyngis, 4 S. intermedius); 
78 belong to species of the mitis group (S. mitis, S. oralis, 
S. sanguinis, S. parasanguinis). Fourteen strains have been 
typed as S. salivarius and 2 as S. gallolyticus. Specifi c PCR 
products were obtained exclusively within the anginosus 
group. All S. anginosus and S. constellatus isolates tested 
positive. Negative PCR distinguished S. intermedius from 
the other 2 species. The results were confi rmed in experi-
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Table 2. Typing of groups C and G streptococci collection, Vellore, India 

Species (N = 313) 16S rRNA gene 
emm-PCR 

positive/negative
moac-PCR* 

positive/negative
Lancefield group 

G C
S. dysgalactiae subsp. equisimilis 254 252/2 0/254 208 46
S. anginosus 59 0/59 59/0 59 0
*Tested with 2 primer pairs (Figure). moac, marker of Streptococcus anginosus and S. constellatus.

Figure. Amplifi cation and characterization of a newly discovered open reading frame (ORF) of Streptococcus anginosus. A) Gel 
electrophoresis after emm-PCR on S. anginosus isolate SV52 (SV52) and S. pyogenes strain A60 (A60). The latter isolate was used as 
a control that possesses an emm3 gene. The S. anginosus strain generated a low concentration 1.1-kb amplicon, as compared with the 
1.4-kb product of the S. pyogenes strain. Inverse PCR based on the 1.1-kb sequence of SV52 showed an ORF of 3,363 bp. Its sequence is 
predicted to code for the membrane protein that is schematically depicted in panel B. It comprises an N terminal signal peptide (S) followed 
by a large extracellular region of 60 kDa (ECR1), 7 transmembrane helixes (1–7), and another large extracellular region of 23 kDa situated 
between the fourth and the fi fth transmembrane helix (ECR3). Positions of the 2 alternative marker of Streptococcus anginosus and S. 
constellatus PCR products (I and II) relative to the full-length sequence and their length are indicated in basepairs.
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ments with reference strains from the Deutsche Sammlung 
für Mikroorganismen und Zellkulturen (Table 4). Taken 
together, the results demonstrate that the newly discovered 
gene is a marker that discriminates S. anginosus and S. con-
stellatus from other oral streptococci. The gene was there-
fore designated moac.

Moac as a Marker for S. anginosus within GCGS
The data that were obtained with the Leipzig collec-

tion of oral streptococci suggested that moac could also be 
exploited as a marker for β-hemolytic strains of the angi-
nosus group. To further test the quality of moac as a mark-
er, the Vellore GCGS collection was subjected to moac-
specifi c PCR (moac-PCR). The results are summarized in 
Table 2. All 254 strains that were specifi ed as SDSE on 
the basis of their 16S rRNA gene sequence were negative 
in moac-PCR. The 59 remaining strains, which could be 
assigned to the species S. anginosus by 16S rRNA gene 
sequencing, were positive for moac. Moreover, strains 
of the species S. canis (2), S. equi subsp. zooepidemicus 
(3), S. equi subsp. equi (2), and S. dysgalactiae subsp. 
dysgalactiae (2) were negative in the moac-PCR, proving 
that it is a reliable method for identifying anginosus group 
strains in collections of GCGS. The examination showed 
that S. anginosus isolates constitute 19% of the collection 
of β-hemolytic GCGS isolates from clinical suppurative 
infections in Vellore; thus, these pathogens play a con-
siderable epidemiologic role in acute streptococcal infec-
tions that occur in this region.

Discussion
Lancefi eld groups C and G comprise a variety of 

distinct species; of these species, S. dysgalactiae subsp. 
equisimilis, S. equi subsp. zooepidemicus, S. canis, and 
streptococci of the anginosus group cause severe infec-
tions in humans (2–5, 17–27). Examination of clinical 
isolates from patients with purulent infections of the up-
per respiratory tract, the urinary tract, and invasive infec-
tions showed that SDSE is dominant in GCGS infections 
in Vellore, accounting for 81% of the cases. SDSE was 
responsible for all 7 cases of invasive infections included 
in this study. S. anginosus that possess group G antigens 
accounted for the remaining 19% of the suppurative in-
fections, which indicates a considerable epidemiologic 
role for this species in the Vellore region. In contrast, 
β-hemolytic group C streptococci of the pharyngitis-
associated species S. constellatus subsp. pharyngis (37) 
were not detected. Infections with the typically zoonotic 
β-hemolytic GCGS S. equi subsp. zooepidemicus (group 
C) and S. canis (group G) were also not diagnosed, which 
suggests a comparatively low incidence of such infections 
in Vellore. Groups C and G antigens are rare in S. con-
stellatus subsp. constellatus and in S. intermedius (28), if 

they are present at all in these species. Their absence in 
the Vellore GCGS collection, therefore, cannot be con-
sidered as indicative that these species have less clinical 
relevance.

The high phenotypic and antigenic diversity within the 
anginosus group, and the circumstance that non–β-hemolytic 
strains remain inconspicuous in samples that contain com-
mensal fl ora, make anginosus group infections diffi cult to 
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Table 3. emm typing of pathogenic Streptococcus dysgalactiae 
subsp. equisimilis isolates from Vellore, India* 
emm type No. strains 
stG245 32 
stG6792 18 
stG643 17 
stG6 14 
stG653 14 
stC1400 12 
stGL265 12 
stG652 11 
stG866 10 
stC5345 9 
stG485 9 
stC74a 9 
stC6979 8 
stC839 7 
stGLP1 7 
stGrobn 5 
stC922 4 
stG211 4 
stC2sk 3 
stG2574 3 
stG4222 3 
stG480 3 
stG4831 3 
stG5420 3 
stG7882 3 
stG120* 3 
emm31 2 
stC36 2 
stCK401 2 
stG166b 2 
stG2078 2 
stG840 2 
stG97 2 
stG10 2 
stG351* 1 
emm23 1 
stC1741 1 
stC3852 1 
stC46 1 
stC5344 1 
stC6746 1 
stC-NSRT2 1 
stGM220 1 
stMD216 1 
*The 5′ sequences of newly identified emm genes are deposited in 
GenBank (accession nos. FJ036933, FJ036936, and FJ036937) and in the 
emm-gene database of the Centers for Disease Control and Prevention, 
Atlanta, GA, USA. 
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diagnose. Therefore, contribution of the anginosus group as 
a whole to the epidemiology of streptococcal infections is 
poorly understood and needs further investigation, not only 
in Vellore but also in other regions with suspected high in-
cidence. The required surveys will become feasible with the 
identifi cation of potent markers for detection of anginosus 
strains such as the moac marker. The isolates from Vellore 
and Leipzig together represent a highly diverse collection of 
anginosus strains that differ not only in their geographic ori-
gin, but greatly in Lancefi eld type. The collection comprises 
strains with groups A, C, G, and F, and without Lancefi eld 
antigen. Furthermore, the collection includes isolates with 
all types of hemolysis. The diagnostic power of moac is 
demonstrated by the herein described PCR test that identi-
fi ed all of the phenotypically diverse S. anginosus and S. 
constellatus strains, discriminating them from other strep-
tococci with 100% accuracy. To the best of our knowledge, 
this PCR method is the only one described that distinguishes 
S. constellatus subsp. pharyngis and S. intermedius. In ad-
dition to the reliability, the use of the moac as a marker may 
have a further valuable advantage; the moac gene is pre-
dicted to code for a transmembrane protein, a property that 
could be exploited for the development of an antibody based 
test for species determination.

Further valuable diagnostic information may lie in the 
emm gene. Examination of the Vellore collection allowed 

assessment of emm typing for use in species determination. 
Most of the 254 SDSE strains included in this study were 
positive for the emm gene by PCR. However, 2 strains of 
this species were negative for it, indicating that a negative 
emm-PCR is not an accurate exclusion criterion in typing 
of SDSE. In contrast to SDSE strains, all anginosus group 
strains, from both the Vellore and the Leipzig collection, 
were negative in emm-PCR. This examination of pheno-
typically diverse strains strongly suggests that a negative 
result from emm-PCR is a common, if not a general, prop-
erty of the anginosus group. Oligonucleotide hybridization 
experiments did not show any indications for the pres-
ence of emm-homologs in such isolates (data not shown). 
Moreover, and contrary to observations with S. equi subsp. 
zooepidemicus and S. equi subsp. equi, binding experi-
ments with plasma proteins suggest that anginosus strains 
lack surface proteins that exert the typical functions of M 
proteins (data not shown).

Despite the absence of this key virulence factor, the 
anginosus group includes opportunistic pathogens that can 
cause bacteremia and a variety of severe purulent infec-
tions in the oral cavity, the urogenital tract, and internal 
organs. This circumstance raises the question, what are the 
factors that allow streptococci of the anginosus group to 
colonize at the site of infection and to survive under the 
hostile conditions of the suppurative focus of infection and 
the bloodstream? Little is known about the pathogenesis of 
anginosus group infections, but they seem to be governed 
by unique, unknown mechanisms. Unique mechanisms of 
pathogenesis and the decreased susceptibility of angino-
sus group strains to certain antimicrobial drugs (15) create 
a need for well-tailored treatments and thus for accurate 
diagnosis. In this context, indications that treatment with 
metronidazole facilitates infections with streptococci of the 
anginosus group deserve particular attention (26,38–40). 
Accumulating indications of the considerable clinical rel-
evance of the anginosus group and the propensity of these 
bacteria to develop antimicrobial drug resistance suggest 
that they may be a group of emerging pathogens that should 
be monitored.
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Table 4. Distribution of moac within a collection of oral 
streptococci, Vellore, India, and Leipzig, Germany* 

Group/species 
No.

strains moac-PCR 
Anginosus group 33
 Streptococcus anginosus 17 +
 S. constellatus subsp. constellatus 8 +
 S. constellatus subsp. pharyngis 4 +
 S. intermedius 4 –
Bovis group 2
 S. gallolyticus 2 –
Mitis group 78
 S. gordonii 5 –
 S. mitis/S. oralis 12 –
 S. mitis 12 –
 S. oralis 24 –
 S. parasanguinis 18 –
 S. sanguinis 7 –
Salivarius group 14
 S. salivarius 14 –
Reference strains (DSMZ) 
 Anginosus group 4
  S. anginosus 1 +
  S. constellatus subsp. constellatus 1 +
  S. constellatus subsp. pharyngis 1 +
  S. intermedius 1 –
 Mutans group 1
  S. mutans 1 –
*moac, marker of Streptococcus anginosus and S. constellatus; DSMZ, 
Deutsche Sammlung für Mikroorganismen und Zellkulturen. 
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Alfred Russel Wallace, eminent naturalist and codis-
coverer of the principle of natural selection, was a major 
participant in the antivaccination campaigns in late 19th-
century England. Wallace combined social reformism and 
quantitative arguments to undermine the claims of provac-
cinationists and had a major impact on the debate. A brief 
account of Wallace’s background, his role in the campaign, 
and a summary of his quantitative arguments leads to the 
conclusion that it is unwarranted to portray Victorian anti-
vaccination campaigners in general as irrational and anti-
science. Public health policy can benefi t from history, but 
the proper context of the evidence used should always be 
kept in mind. 

In 2009, the scientifi c community commemorated the 
200th birthday of Charles Darwin and the 150th anni-

versary of the publication of On the Origin of Species by 
Means of Natural Selection. These occasions also directed 
the view of a wider public to the unjustly neglected fi gure 
of Alfred Russel Wallace (1823–1913) (Figure), explorer 
and codiscoverer of the principle of natural selection. In 
the past few years, Wallace’s work has in fact enjoyed in-
creasing attention among the historians of science, as sev-
eral new biographies and studies prove (1–5). But unlike 
Darwin, Wallace always was and probably will remain a 
serious challenge to the history of science: he stubbornly 
refuses to fi t into the mold of the typical scientifi c hero. 
Wallace made without any doubt lasting contributions to 
biologic science, but the second half of his life was by and 
large devoted to what from today’s perspective are utterly 
lost causes: He became a passionate advocate of spiritual-

ism, supported land nationalization, and fervently objected 
to compulsory smallpox vaccination. 

The motives behind Wallace’s campaigns are some-
times diffi cult to fathom. He published copiously because 
this served for a long time as his major source of income, 
but these writings only show the public face of Wallace. 
Unlike Darwin, Wallace did not leave behind a large num-
ber of private letters and other personal documents; there-
fore, his more private thoughts, motives, and deliberations 
will probably remain unknown. 

I provide a short introduction to Wallace’s life and 
work and then describe his contributions to the British 
antivaccination campaigns. Wallace’s interventions were 
infl uential; he was popular and well liked inside and out-
side scientifi c circles and, despite his controversial social 
reformism, commanded deep respect for his achievements 
and his personal qualities until the end of his long life.

I also briefl y analyze the similarities and differences 
between the Victorian and contemporary vaccination de-
bates. It has recently been argued that comparative his-
torical analysis can play a major role in public health 
policy (6,7). In contemporary vaccination controversies, 
history is frequently used as a source of arguments (8,9), 
but the historical argument often is not based on up-to-
date historical understanding. The polarizing controver-
sies surrounding vaccination have never completely gone 
away, and the nearly unbroken tradition of debate appar-
ently entices participants to reuse old arguments without 
making certain that their context is still valid. Vaccination 
involves national and international politics and the deeply 
personal sphere of child care. It is thus probably inevi-
table that culturally infl uenced ideas of bodily integrity 
and health from time to time are at odds with so-called 
vaccination technocracies (10).
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Wallace and the Antivaccination Movement

Alfred Russel Wallace
Alfred Russel Wallace’s humble origins contrast 

sharply with Charles Darwin’s privileged background. 
Wallace was born on January 8, 1823, in the Welsh village 
of Llanbadoc into an impoverished middle-class family. In 
1836, when his parents could no longer support him, he was 
taken out of school to earn a living. He joined his brother 
John in London to work as a builder. In London, he regu-
larly attended meetings at the Hall of Science in Totten-
ham Court Road, where followers of the utopian socialist 
Robert Owen lectured. Thus, as an adolescent, he became 
acquainted with radical sciences such as phrenology (11). 
In 1841, when Wallace was working as a land surveyor in 
Wales, a slump in business enabled him to devote more 
time to his developing interests in natural history. A few 
years later, while working as a teacher in Leicester, Wal-
lace met the 19-year-old amateur entomologist Henry Wal-
ter Bates, who introduced him to beetle collecting. Wallace 
returned to Wales, but he stayed in touch with Bates; in 
their letters they discussed natural history and recent books. 
In 1847, inspired by reading the best-selling and scandal-
ous Vestiges of the History of Creation, an anonymously 
published book that offered a naturalistic, developmental 
history of the cosmos and life, Wallace and Bates decided 
to travel to the Amazon River basin to study the origin of 
species, paying for their journey by working as profession-
al specimen collectors.

Wallace spent the next 14 years of his life, interrupted 
only by a stay in England from October 1852 until early 
April 1854, collecting specimens in the Amazon Basin and 
the Malay Archipelago. As with Darwin, the geographic 
variation of supposedly stable species nurtured in Wallace 
the idea of organic change. An 1855 paper, On the Law 
Which Has Regulated the Introduction of New Species, is 
Wallace’s fi rst formal statement of his understanding of the 
process of biological evolution. In this paper, he derives 
the law that “every species has come into existence coinci-
dent both in time and space with pre-existing closely allied 
species.” In February 1858, while having a severe malaria 
attack, Wallace connected the ideas of Thomas Malthus 
(1766–1834) on the regulation of populations with his ear-
lier reasoning and developed a concept that was similar to 
Darwin’s mechanism of natural selection. Eager to share 
his discovery, Wallace wrote an essay on the subject as 
soon as he had recovered and sent it off to Darwin. This 
innocent act by Wallace set off the well-known and often 
recounted story of Darwin’s hurried writing and publica-
tion of On the Origin of Species.

Wallace returned to England in 1862 after the initial 
storm of reaction to Darwin’s theory had blown over. To-
gether with Thomas Henry Huxley (1825–1895), he be-
came one of the most vocal defenders of the theory of evo-
lution. In the years up to 1880 he also wrote a large number 

of essays, letters, reviews and monographs that secured his 
position as one of the foremost naturalists in the United 
Kingdom; this status, however, did not translate into a per-
manent position or even some semblance of fi nancial se-
curity. Only in 1881, after an intervention by Darwin and 
other eminent scientists, did he receive a Civil List Pension 
of 200£ per year. After 1880, having fi nished most of his 
major monographs, Wallace more and more directed his 
attention toward social issues and turned into a social radi-
cal—his conversion to spiritualism had already occurred in 
the 1860s. He remained faithful to his radical course until 
his death in 1913.

The fi rst Vaccination Act in England was passed in 
1840; it outlawed variolation (i.e., the practice of infecting 
a person with actual smallpox) and provided vaccination 
that used vaccines developed from cow pox or vaccinia vi-
rus free of charge. The 1853 Act made vaccination manda-
tory and included measures to punish parents or guardians 
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Figure. Alfred Russel Wallace (1823–1913). Perhaps best 
remembered today in history of science as the codiscoverer of the 
principle of natural selection, Wallace also played a prominent role 
in the antivaccination movement in late 19th century England.
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who failed to comply. Changes in the law passed in 1867 
permitted the authorities to enforce vaccination more ef-
fi ciently. The law allowed the repeated prosecution of par-
ents who failed to have their child vaccinated. The 1871 
Act authorized the appointment of vaccination offi cers, 
whose task it was to identify cases of noncompliance. In 
1889, in response to widespread public resistance, Parlia-
ment appointed a Royal Commission to draft recommenda-
tions to reform the system. The Commission published its 
conclusions in 1896. It suggested allowing conscientious 
objection, an exemption which passed into law in 1898. In 
the early 20th century, <200,000 exemptions were granted 
annually, representing ≈25% of all births (12).

The fi rst vaccination act mainly incited resistance 
from heterodox medical practitioners who were forced 
out of business. Large-scale popular resistance began af-
ter the 1867 Act with its threat of coercive cumulative 
penalties. The social and political diversity of the British 
antivaccination movement is vividly described by Dur-
bach (12). Many of the ≈200 organizations were quite 
eccentric, even by the standards of the time. However, 
Durbach’s analysis and other analyses (13) show that it 
is not correct to portray antivaccinationists indiscrimi-
nately as antirational, antimodern, and antiscientifi c. Just 
considering the details of the vaccination practice of the 
mid-19th century does much to make many criticisms 
understandable. For instance, the widespread arm-to-arm 
vaccination, used until 1898, carried substantial risks, and 
the instruments used (14) could contribute to severe ad-
verse reactions. Furthermore, many antivaccinationists 
appealed, like their opponents, to enlightenment values 
and expertly used quantitative arguments.

Wallace himself apparently did not hold strong opin-
ions about vaccination until the mid-1880s. He had received 
a vaccination as a young man before he left for South 
America, and all 3 of his children were vaccinated as well. 
Wallace was recruited some time in 1884 to the antivac-
cination movement through the efforts of his fellow spiri-
tualist William Tebb (1830–1917), a radical liberal who in 
1880 had cofounded the London Society for the Abolition 
of Compulsory Vaccination. Wallace’s commitment to the 
antivaccination cause was without doubt motivated by his 
social reformism, which in turn was underpinned by spiri-
tualism and Swedenborgianism (3,15). These metaphysical 
foundations led him to a holistic view of health; he was 
convinced that smallpox was a contagious disease, but he 
also was certain that differences in susceptibility caused by 
nutritional or sanitary defi ciencies played a major role in 
the epidemiology of the disease.

Despite his strong metaphysical commitments, Wal-
lace, however, always remained a devoted empiricist and 
was among the fi rst to use a statistics-based critique of a 
public health problem. Some of the groundwork for Wal-

lace’s quantitative critique was laid by the highly regarded, 
but controversial, physicians Charles Creighton (1847–
1927) and Edgar Crookshank (1858–1928). They attacked 
simplistic interpretations of and conclusions from Edward 
Jenner’s work (16) and demonstrated how diffi cult it is to 
determine vaccination success and vaccination status and 
to know what kind of contagion was actually used in an 
inoculation or vaccination. In works such as Vaccination 
Proved Useless and Dangerous (1889) or Vaccination a 
Delusion, Its Penal Enforcement a Crime (1898), Wallace 
mounted his attack on several claims: 1) that death from 
smallpox was lower for vaccinated than for unvaccinated 
populations; 2), that the attack rate was lower for vacci-
nated populations: and 3) that vaccination alleviates the 
clinical symptoms of smallpox.

Both provaccinationists and antivaccinationists relied 
heavily on time series of smallpox mortality rate data, which 
showed a general decline over the 19th century overlaid by 
several smaller epidemic peaks and the large pandemic peak 
of 1870–1873. Their conclusions from these data differed 
according to the way these data were subdivided into peri-
ods (17). For example, if it were assumed that vaccination 
rates increased in 1867, when cumulative penalties were 
introduced and fewer dared to challenge the vaccination 
law, and not in 1871, when the smallpox pandemic acceler-
ated, then the rate of decline of smallpox mortality rates 
was lower when vaccination was more prevalent. Wallace 
concluded from his analysis that smallpox mortality rates 
increased with vaccination coverage, whereas his oppo-
nents concluded the exact opposite. Wallace argued that the 
problem of determining vaccination status was serious and 
undermined the claims of his opponents. He asserted that 
the physicians’ belief in the effi cacy of vaccination led to 
a bias in categorizing persons on the basis of interpretation 
of true or false vaccination scars. Additionally, epidemio-
logic data for vaccination status were seriously incomplete. 
Depending on the sample, the vaccination status of 30%–
70% of the persons recorded as dying from smallpox was 
unknown. Furthermore, if a person contracted the disease 
shortly after a vaccination, it was often entirely unclear if 
the patient should be categorized as vaccinated or unvac-
cinated. Provaccinationists argued that the error introduced 
by this ambiguity was most likely to be random and thus 
would not affect the estimate of the effi ciency of the vac-
cine. In contrast, Wallace believed that doctors would have 
been more willing to report a death from smallpox in an 
unvaccinated patient and that this led to a serious bias and 
an overestimation of vaccine effi ciency.

Wallace’s holistic conception of health infl uenced 
his argument as well. He was convinced that susceptibil-
ity to the disease of smallpox was not distributed equally 
across social classes. Weakened, poor persons living in 
squalor were in his opinion less likely to get vaccinated. 
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At the same time they would have higher smallpox mortal-
ity rates because their living conditions made them more 
susceptible to the disease. He supported his hypothesis that 
susceptibilities differ with the observation that the mortal-
ity rate of unvaccinated persons had increased to 30% after 
the introduction of vaccination, while the vaccinated had 
enjoyed a slight survival advantage. This demonstrated 
to Wallace that factors other than vaccination must have 
played a major role.

Conclusions
The numerical arguments used by Wallace and his op-

ponents were based on an actuarial type of statistics, i.e., the 
analysis of life tables and mortalities. Inferential statistics 
that could be more helpful in identifying potential causes 
did not yet exist. The statistical approach to the vaccination 
debate used by Wallace and his opponents could simply not 
resolve the issue of vaccine effi ciency; thus, each side was 
free to choose the interpretation that suited its needs best. 
However, despite its indecisive outcome, the debate was a 
major step in defi ning what kind of evidence was needed 
(17). It is also unjustifi ed to portray the debate as a contro-
versy of science versus antiscience because the boundaries 
between orthodox and heterodox science we are certain of 
today were far less apparent in the Victorian era (18). What 
the scope and methods of science were or should be were 
topics still to be settled. It is thus unwarranted to portray 
the 19th-century antivaccination campaigners generally as 
blindly religious, misguided, or irrational cranks. This judg-
ment certainly does not apply to Alfred Russel Wallace. 

Wallace was modern, but he represented an alternative 
version of modernity, a version that has been sidelined in 
historiography until recently but has lately been acknowl-
edged as a central cultural feature of the late 19th century 
(19). Movements such as spiritualism were not resurrec-
tions of ancient traditions but used interpretations of the 
most recent natural science, such as experimental psychol-
ogy, evolutionary biology, and astronomy (20), or electro-
magnetism (21). Some, like Wallace, also contested the 
social role that emerging professional sciences should play. 
Wallace strongly favored a natural science that also ad-
dressed moral, political, social, and metaphysical concerns, 
and with this inclination he ran against the tide that was 
more concerned with developing a barrier between politics 
and disinterested, objective science. In the case of vacci-
nation, Wallace argued that liberty and science need to be 
taken into account, but that liberty is far more important 
than science. Wallace only appears to have been such a he-
retical fi gure if a large portion of the social, political, and 
intellectual reality of Victorian and Edwardian England is 
blotted out of the picture.

To argue that, then as now, the controversies are be-
tween religiously motivated, irrational eccentrics and ra-

tional, disinterested science is historically inaccurate and 
distracts from substantial differences in social, political, 
and economic context between then and now. The Vic-
torian vaccination legislation was part of an unfair, thor-
oughly class-based, coercive, and disciplinary healthcare 
and justice system: poor, working-class persons were sub-
jected to the full force of the law while better-off persons 
were provided with safer vaccines and could easily avoid 
punishment if they did not comply. The National Health 
Service, established in 1948, was planned to bring more 
social justice to health care. The new health system no lon-
ger was stigmatizing and coercive. The development has 
not stopped there: today, there is an increasingly strong 
emphasis on individual choice and involvement in decision 
making in the healthcare system in Great Britain. Patients 
have become customers. The contemporary vaccination 
controversy has to be seen against the opportunities and 
challenges offered within this new environment. It has be-
come evident that population-based risk assessments of 
vaccine safety often fail to convince in this new context 
(10). Parents instead evince a clinical, individual-based at-
titude when assessing the risks of vaccination—their own 
children are often judged not to be average. 

In Great Britain, such attitudes are reinforced by the 
recent developments, mentioned above, in the healthcare 
system that encourage choice and autonomy and also by 
individualized perspectives concerning parenting and child 
development. Such a clinical perspective of parents can, 
however, cut both ways. The individually witnessed causal 
relationship between therapy and recovery in the case of 
tetanus and diphtheria was instrumental in the widespread 
public acceptance of immunization (17). A similar mecha-
nism is at play in the contemporary controversies: perceived 
causal relationships between vaccination and the appear-
ance of complications undermine the claims that vaccines 
are generally safe.

This analysis also illustrates that contemporary vacci-
nation controversies take place in specifi c historical con-
texts. Colgrove (22) depicts in detail how vaccination be-
came an accepted public health intervention in the United 
States and what factors have fueled and infl uenced historical 
and contemporary controversies. For example, compared 
with most countries in Europe, the risk of costly litigation 
for pharmaceutical companies in the United States is much 
higher and the role of the state is seen as far more restricted. 
This specifi c background infl uences forms of provaccina-
tion and antivaccination campaigning, but it also needs to 
be taken into account that the increasing availability of In-
ternet resources accessible from everywhere may contrib-
ute to making the arguments and the debate more uniform 
across the globe.

Modern vaccines save lives. But worries surrounding 
vaccination need to be taken seriously. And the lessons 
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taught by history are, as usual, complex. As pointed out 
forcefully by Leach and Fairhead (10), vaccine delivery 
systems must suit social, cultural, and political realities. Pa-
ternalistic and coercive attitudes were harmful in the 19th 
century and are even less appropriate in the 21st century.

Dr Weber is a biologist working in the fi elds of public health 
and consumer protection.  He also publishes regularly in the his-
tory of science and has a particular research interest in the history 
of evolutionary biology. 
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Innovative Uses 
for Syndromic 

Surveillance 
Erin K. O’Connell, Guoyan Zhang, 

Fermin Leguen, Anthoni Llau, and Edhelene Rico

To determine if expanded queries can be used to iden-
tify specifi c reportable diseases/conditions not detected by 
using automated syndrome categories, we developed new 
categories to use with the Electronic Surveillance System 
for the Early Notifi cation of Community Based Epidemics. 
Results suggest innovative queries can enhance clinicians’ 
compliance with reportable disease requirements.

Surveillance and control of communicable diseases are 
critical for the health status of a community. Traditional 

passive surveillance refers to health authorities’ receipt of 
reports of diseases or conditions submitted by physicians, 
laboratories, and other healthcare providers as required by 
public health legislation. However, reportable diseases are 
often underreported to health departments (1,2). Syndro-
mic surveillance has been defi ned as “an investigational 
approach where health department staff, assisted by auto-
mated data acquisition and generation of statistical alerts, 
monitor disease indicators in real-time or near real-time to 
detect outbreaks of disease earlier than would otherwise 
be possible with traditional surveillance” (3). Since 2005, 
the Miami–Dade County Health Department has used the 
Electronic Surveillance System for the Early Notifi cation 
of Community Based Epidemics (ESSENCE) as part of its 
comprehensive syndromic surveillance system. The system 
categorizes chief complaints into 11 syndromes: botulism-
like, exposure, fever, gastrointestinal illness, hemorrhagic 
illness, infl uenza-like illness, injury, neurologic, rash, re-
spiratory, and shock-coma. Of the county’s 23 acute-care 
hospitals, the 17 largest, which account for 90% of the 
county’s emergency department visits, participate in ES-
SENCE. Staff epidemiologists rotate duties and dedicate 2 
hours a day, including weekend, to syndromic surveillance 
activities. Monday through Friday daily reports are sent to 
community partners.

Syndromic surveillance was primarily designed to 
detect disease outbreaks and unusual public health events 
earlier than could be detected by traditional public health 
surveillance methods. However, if an outbreak or cluster 
of illness is too small, the method used currently for syn-

dromic surveillance cannot trigger a statistical alert. We 
wanted to ascertain the value of syndromic surveillance 
in improving regular communicable disease surveillance 
and reporting. The possibility of using ESSENCE to de-
tect specifi c diseases emerged when varicella (chickenpox) 
became a newly reportable disease in Florida in 2006; few 
cases were being reported despite the fact that guidelines 
had been mailed to all healthcare practitioners. We used a 
query in ESSENCE to search for “chicken pox or varicella” 
in the chief complaint fi eld and contacted the hospital In-
fection Control Practitioners to verify if identifi ed events 
could be confi rmed as reportable conditions. After we did 
preassessment of the underreporting of chickenpox in 2007 
(4), three additional query categories for daily investigation 
were created in ESSENCE.

The Study
The following category queries were performed during 

March–December 2008: 1) Severe or time-sensitive diseas-
es/conditions: anthrax, botulism, smallpox, and meningitis; 
2) outbreaks not detected by regular alerts in ESSENCE: 
diarrhea, vomiting, and food poisoning with spatial-tempo-
ral clustering; and 3) other reportable diseases/conditions, 
consisting of varicella (chickenpox), carbon monoxide poi-
soning, ciguatera, cryptosporidiosis, cyclosporiasis, den-
gue fever, encephalitis, hepatitis, malaria, measles, mercu-
ry poisoning, mumps, pertussis, salmonellosis, shigellosis, 
and rabies.

When descriptions of the diseases/conditions were 
found in the chief complaint fi eld, staff contacted the hos-
pital’s Infection Control Practitioner. If the disease was 
confi rmed, further investigation was performed. Potential 
outbreaks were detected from clustering by age, gender, 
race/ethnicity, resident ZIP code, hospital, time of visit, 
and chief complaint.

A total of 740,320 emergency department visits (mean 
2,419 visits/day) were monitored in ESSENCE during the 
study period; 1,813 (0.25%) of those had information lead-
ing to 1 of the queried reportable diseases in the chief com-
plaint (mean 5.9 visits/day). After further investigation, 
we found 58.0% (1,052/1,813) of these additional queries 
were relevant after excluding unrelated terms, such as “ma-
labsorption” instead of “malaria” or “chicken bone in the 
throat” instead of “chicken pox.”

On August 31, 2008, the newly designed query for 
severe or time-sensitive diseases or conditions detected a 
group of 5 women who had arrived at the same hospital 
within a 2-hour period with a chief report of either meningo-
coccemia or exposure to meningococcemia (Table 1). This 
cluster of potentially epidemiologically linked patients did 
not initiate an automated alert in a syndrome in ESSENCE, 
and the hospital did not report it by phone immediately. 
Therefore, without the query, the health department would 
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not have been aware of these patients in a timely manner. 
The fi ndings from the query enabled health department 
staff to give postexposure prophylaxis to 36 persons identi-
fi ed as close contacts.

Gastrointestinal outbreaks are an example of outbreaks 
not detected by regular alerts in ESSENCE that were of-
ten detected through the use of the specialized query. One 
outbreak identifi ed was among persons staying in the same 
homeless shelter (Table 2), another was among residents at 
an assisted living facility, and a third was among a group of 
persons who visited a restaurant. After the outbreaks were 
confi rmed with the Infection Control Practitioner, recom-
mendations for infection control and prevention were made 
to each facility.

The most common terms found under other reportable 
diseases or conditions were meningitis, hepatitis, chicken 
pox, and postexposure prophylaxis for rabies (Table 2). 
These 4 conditions accounted for 68.2% (717/1,052) of the 
queried chief complaints. When we contacted providers 
with regard to query fi ndings, it was apparent that some 
providers were not familiar with reporting requirements for 
chicken pox and animal bites requiring postexposure pro-
phylaxis for potential rabies exposure.

Conclusions
Results suggest ESSENCE can enhance healthcare 

practitioners’ compliance with reportable disease require-

ments for individual diseases and potential outbreaks. Re-
sults demonstrated how expanded queries can detect poten-
tial outbreaks or diseases not found in automated syndrome 
categories. Without the specialized queries, we would have 
missed the opportunity to implement proper disease control 
measures required for these events.

Indiana State Health Department investigators found 
that certain keywords such as “exposure” and “meningitis” 
may uncover trends previously undetected and they contin-
ue to explore similar data-mining techniques (5). Syndro-
mic surveillance systems use statistical algorithms to alert 
users when the number of reports for a syndrome exceeds 
the norm (6). Current spatial–temporal algorithms are used 
to detect large-scale outbreaks over a certain extended pe-
riod (7,8). However, this method has not been successful 
for detecting many small clusters of patients with similar 
characteristics visiting the emergency department from the 
same home ZIP code, hospital, or within a short period, 
such as a few minutes. By contacting the Infection Control 
Practitioner when reportable disease names are found in the 
chief complaint fi eld, the health department has developed 
a stronger relationship with hospitals.

One of the limitations of the study was that even when 
queries were performed with parsers, there were often mis-
spellings, typographical errors, and abbreviations that can 
lead to a failure to capture all possible events (9). Because 
the level of investigation can vary from making a phone 
call to a participating hospital to dispatching a team to in-
terview patients, the cost of time spent on each disease may 
need to be weighed before initiating action (10). Replication 
of this study depends on a health department’s capabilities 
to contact the hospital for follow-up. Future research will 
examine the information gathered from this new project, 
and we expect that better disease reporting compliance will 
result from this innovative use of syndromic surveillance.
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Table 1. Emergency department visits with meningococcemia in 
the chief complaint, Miami–Dade County, Florida, USA, August 
31, 2008* 
Time of visit Patient age, y  Chief complaint 
9:48 PM 3 Exposure to meningococcemia 
9:47 PM 8 Exposure to meningococcemia 
9:45 PM 11 Exposure to meningococcemia 
11:50 PM 9 Exposure to meningococcemia 
11:58 PM 10 Meningococcemia
*All 5 patients were girls who visited the same hospital and came from the 
same ZIP code area. 

Table 2. Disease/conditions found in the chief complaint field 
from specialized query, Miami–Dade County, Florida, USA, 
March–December 2008 
Disease/condition No. (%) cases 
Food poisoning 262 (24.9) 
Postexposure prophylaxis for rabies 251 (23.9) 
Meningitis 224 (21.3) 
Hepatitis 162 (15.4) 
Chicken pox 80 (7.6) 
Carbon monoxide poisoning 31 (3.0) 
Salmonellosis 13 (1.2) 
Malaria 9 (0.9) 
Pertussis 8 (0.8) 
Mumps 5 (0.5)
Other* 5 (0.5) 
Total 1,052 (100) 
*Ciguatera, anthrax, dengue fever, measles. 
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Plasmodium knowlesi is now established as the fi fth 
Plasmodium species to cause malaria in humans. We de-
scribe a case of P. knowlesi infection acquired in Indonesian 
Borneo that was imported into Australia. Clinicians need to 
consider this diagnosis in a patient who has acquired ma-
laria in forest areas of Southeast Asia.

Plasmodium knowlesi is now recognized as a cause 
of potentially fatal human malaria in forest areas of 

Southeast Asia. We describe a case of P. knowlesi malaria 
acquired in Indonesia and imported to Australia.

The Patient
A 39-year-old man from Australia came to a subur-

ban hospital in Sydney, New South Wales, Australia, with 
a 2-week history of morning fevers and mild headaches. 
His symptoms started 13 days after he left Indonesian Bor-
neo (Kalimantan). The patient had spent an average of 10 
days per month for the past 18 months working adjacent 
to a forest area in South Kalimantan Province, Indonesian 
Borneo. The most recent visit was toward the end of the 
rainy season. He did not use any personal vector avoidance 
measures (mosquito nets, long clothing, insect repellent) 
or receive malaria chemoprophylaxis. The patient did not 
travel to any other malaria-endemic areas during this 18-
month period.

He did not have a remarkable medical history. On ex-
amination, he was febrile (38.9°C) and had a heart rate of 
88 beats/min, blood pressure of 128/78 mm Hg, normal res-
piration rate, and oxygen saturation 99% on room air. Phys-
ical examination were unremarkable. Laboratory investiga-
tions showed mild thrombocytopenia (106 × 109 cells/L, 
reference range 150–450 × 109 cells/L), mild leukopenia 
(3.7 × 109

 cells/L, reference range 4.3–10 × 109 cells/L), 
and unremarkable results for levels of hemoglobin (142 
g/L, reference range 130–180 g/L), bilirubin (12 μmol/L, 

reference value <20 μmol/L), and creatinine (95 μmol/L, 
reference range 40–120 μmol/L).

Malaria parasites were seen on Giemsa-stained thick 
and thin blood fi lms (parasitemia level 185 parasites/
μL). Parasite morphologic features resembled those of P. 
malariae with typical trophozoite band forms and heav-
ily pigmented schizonts found inside smaller erythrocytes 
(Figure). Some parasites had morphologic features similar 
to those of P. falciparum. These similarities included ring 
forms and mature trophozoites with stippling of erythro-
cytes (Figure, panel B). A rapid diagnostic test result for 
histidine-rich protein 2 of P. falciparum was negative. 

Given increased reports of P. knowlesi in Malaysian 
Borneo, we conducted molecular studies to identify the spe-
cies. Results of multiplex PCRs for P. falciparum, P. vivax, 
P. malariae, and P. ovale were negative (1). Results of a 
PCR using P. knowlesi–specifi c primers (2) were positive 
for undiluted and diluted (1:50) blood samples. Sequencing 
of a small subunit rRNA gene product showed 100% iden-
tity with P. knowlesi (National Center for Biotechnology 
Information accession no. GU049678).

The patient was treated with atovaquone/proguanil, 
250 mg/100 mg, 4×/day for 3 days. His fever resolved and 
the thrombocyte count returned to the reference level with-
in 48 hours. He did not show any complications.

Conclusions
Naturally acquired human infection with P. knowlesi 

was fi rst described in Malaysian Borneo in 1965 after an 
unusual sequence of events (3). Extensive investigation at 
this time failed to demonstrate zoonotic transmission of 
simian malaria to humans. More recently, molecular tech-
niques have identifi ed human infections with P. knowlesi, 
establishing it as the fi fth Plasmodium species that infects 
humans (2). P. knowlesi accounts for most (70%) human 
malaria infections requiring hospitalization in Sarawak, 
Malaysian Borneo (4), and is widespread throughout Ma-
laysia (5). Reports have also described human infections 
in Thailand (6), along the border of the People’s Republic 
of China and Myanmar (7), Singapore (8), and the Phil-
ippines (9). A recent epidemiologic study reported that 
4/22 malaria cases diagnosed by microscopy as P. falci-
parum, P. vivax, or mixed P. falciparum/P. vivax infec-
tions were identifi ed retrospectively by PCR to be mixed 
infections that included P. knowlesi (10). Presumably, P. 
knowlesi may account for a higher proportion of cases 
if those diagnosed morphologically as P. malariae were 
investigated.

Human malaria was considered to be caused by only 4 
Plasmodium species in the premolecular biology era. Sim-
ian and human malaria parasites, including P. knowlesi and 
P. malariae, are often indistinguishable morphologically. 
Clues to identifi cation of P. knowlesi by light microscopy 
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that are useful, if present, include early trophozoites with 
fi ne ring forms, double chromatin dots, and 2–3 parasites 
per erythrocyte (resembling P. falciparum), trophozoites 
with a bird’s-eye appearance, mature trophozoites with a 
band appearance resembling P. malariae (Figure, panel 
C), and mature schizonts with a higher average merozoite 
count (16/erythrocyte) than in P. malariae (12/erythrocyte) 
(2,11).

Commercially available rapid diagnostic tests do not 
distinguish P. knowlesi from other forms of human malaria 
parasites. Lactate dehydrogenase produced by the 4 other 
Plasmodium spp. (pLDH) that cause human malaria is also 
present in P. knowlesi. Antibodies specifi c for pLDH of 
P. falciparum and P. vivax cross-react with pLDH of P. 
knowlesi (12) and therefore cannot be used to reliably dis-
tinguish P. knowlesi from mixed infections.

Distinction of P. knowlesi from P. malariae has use-
ful management implications for patients and public health 
control measures. P. knowlesi potentially can cause severe 
disease and death, whereas P. malariae is generally benign. 
Daneshvar et al. recently published a prospective study of 
P. knowlesi infection in humans (4). They reported throm-
bocytopenia in 100% (107/107) of persons infected with 
P. knowlesi and lower mean ± SD thrombocyte counts (71 
± 35 × 109 cells/L) than in persons infected with P. falci-
parum (108 ± 59 × 109 cells/L) or P. vivax (118 ± 51 × 109 
cells/L). Mean parasitemia level was 1,387 parasites/μL; 

30.8% (33/107) of the case-patients had <500 parasites/μL. 
Severe infection was found in 7 (6.5%) of 107 patients, and 
the case-fatality rate was 1.8% (2/107) among hospitalized 
patients (4).

Deaths and severe disease caused by P. knowlesi result 
from pulmonary and hepatorenal failure (5). Severity of P. 
knowlesi infection is related to potentially high parasitemia 
levels produced by its rapid and unique 24-hour erythro-
cytic cycle and its ability to infect all stages of erythro-
cytes (13). Sequestration is not thought to occur during P. 
knowlesi infection, and neurologic complications seen dur-
ing P. falciparum infection have not been described. Al-
though our patient was treated with atovaquone/proguanil, 
patients with similar uncomplicated cases have responded 
well to treatment with chloroquine (4).

Public health control is challenging in areas where 
zoonotic human malaria is endemic (14). Standard public 
health measures for malaria prevention (insecticide-treated 
nets, indoor residual spraying, and intermittent preventive 
treatment in the reservoir population) are likely to be less 
effective than for typical forms of human malaria. Never-
theless, travelers to malaria-endemic areas should be en-
couraged to practice mosquito bite protection measures and 
chemoprophylaxis.

P. knowlesi malaria is transmitted from long-tailed 
(Macaca fasicularis) and pig-tailed (M. nemestrina) ma-
caques to humans by Anopheles latens mosquitoes (in the 
Kapit Division of Malaysian Borneo) when humans visit 
forest or forest fringe areas. However, transmission does 
not seem to occur readily in villages (2,15). Increased rec-
ognition of P. knowlesi indicates that human infection is 
possible by with other simian malaria parasites (P. cyno-
molgi and P. inui).

We report a patient with P. knowlesi infection that was 
acquired in Indonesia and imported to Australia. Fortunate-
ly, this patient had a low parasitemia level and mild disease. 
A high degree of clinical suspicion is likely to increase the 
number of P. knowlesi cases diagnosed in patients with ma-
laria acquired in forest areas of Southeast Asia.
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Figure. Giemsa-stained thin blood fi lms of patient infected with 
Plasmodium knowlesi, showing a ring form (A), a trophozoite 
with Sinton and Mulligan stippling (B), a band form resembling 
P. malariae (C), and an early schizont (D). Original magnifi cation 
×100.
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etymologiaetymologia
Clostridium diffi cile
[klos-trid′e-əm di-fi -sil′]

Clostridium, the genus name of these gram-positive, spore-forming, anaerobic bacteria, comes from Greek 
klōstēr (spindle) because, under the microscope, the colonies resemble spindles used in cloth weaving and 
long sticks with a bulge at the end. The species name diffi cile is a form of the Latin adjective diffi cilis because, 
when fi rst identifi ed (by Hall and O’Toole in 1935), the organism was diffi cult to isolate and grew slowly in 
pure culture. However, likely because of the familiarity of a French term with the same spelling and meaning, 
the French pronunciation has become widely used. These bacteria are part of the commensal intestinal fl ora in 
humans, and toxigenic strains of the organism can cause pseudomembranous colitis, a severe infection of the 
colon, after normal gut fl ora have been eradicated in patients who have received antimicrobial drugs.

Source: Kelly CP, Pothoulakis C, LaMont JT; Clostridium diffi cile colitis. N Engl J Med. 1994;330:257–62; Wells J. My phonetic 
blog. 2006. www.phon.ucl.ac.uk/home/wells/blog0606.htm; www.statemaster.com/encyclopedia/Clostridium-diffi cile; Dorland’s 
illustrated medical dictionary, 31st ed. Philadelphia: Saunders Elsevier; 2007. 
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We characterized 670 Clostridium diffi cile isolates col-
lected from patients in 84 hospitals in Germany in 2008. 
PCR ribotyping showed high prevalence of ribotype 001 
and restricted dissemination of ribotype 027 strains. Fluo-
roquinolone resistance and associated gyrase mutations 
were frequent in various ribotypes, but no resistance to met-
ronidazole or vancomycin was noted. 

During the past decade, incidence rates of Clostridium 
diffi cile infections (CDI) have increased noticeably 

worldwide (1). In the United States and Canada, this in-
crease has been associated with the emergence of a possi-
bly more virulent strain designated North American pulso-
type 1 (NAP1), or PCR ribotype 027. Strains with identical 
typing patterns have also been reported from several coun-
tries in Europe (1). In Germany, the fi rst clusters of infec-
tions with C. diffi cile ribotype 027 were identifi ed in the 
southwest region in 2007 (2,3). Although incidence rates 
increased in Germany after 2000 (4), an association with 
particular strains remains unclear, and no nationwide sur-
veillance data on C. diffi cile genotype prevalence exist.

We report the distribution and associated antimicrobial 
drug susceptibility of prevalent C. diffi cile strains in 
Germany. Isolates were characterized by PCR ribotyping (5) 
by using the ribotype nomenclature of the Cardiff Anaerobe 
Reference Laboratory (Cardiff, Wales, UK). Antimicrobial 
drug susceptibility to therapeutic drugs (metronidazole 
and vancomycin) and to fl uoroquinolones (moxifl oxacin 
and levofl oxacin) was determined by using the Etest 
method (breakpoints according to European Committee on 
Antimicrobial Susceptibility Testing guidelines).

The Study
A surveillance study, performed from January through 

December 2008, reported 5,640 CDI cases in a sample of 
1.6 million patients in hospitals in Germany (www.nrz-hy-
giene.de). Six percent of cases were defi ned as severe CDI 
based on the following criteria: readmission to a healthcare 
facility due to recurrent CDI, admission to an intensive care 

unit, surgical intervention (colectomy), or death within 30 
days after diagnosis. By projecting these case rates to all 
of Germany (17 million patients 2008; www.destatis.de), 
we estimated 58,000 CDI cases (including 3,500 severe 
cases) in 2008. The 670 isolates investigated in this study, 
which caused severe infections in 84 hospitals throughout 
Germany in 2008, represent ≈20% of those severe CDI 
cases. Among these isolates, 57 ribotypes were identifi ed, 
and 312 isolates were characterized as PCR ribotype 001 
(47%), followed by 53 (8%) isolates each of ribotypes 078 
and 027. Figure 1 shows the distribution of the 5 most com-
mon ribotypes in proportion to the number of submitting 
hospitals.

Ribotype 001 was by far the most prevalent ribotype 
found, causing severe CDI in 70% of all collaborating hos-
pitals (Figure 1). A high prevalence of ribotype 001 was 
also reported in a recent study investigating 2 hospitals in 
southern Germany (6). As depicted in Figure 2, strains of 
ribotype 001 are endemic to hospitals all over Germany. In 
contrast, the dissemination of ribotype 027 strains, which 
could be identifi ed in 16 hospitals (19%), is restricted most-
ly to the southwest region of Germany; only 2 sporadic cas-
es were observed in the eastern region (Figure 2). The sec-
ond most prevalent ribotype was 078 (23%). An increasing 
incidence of infections with 078 was observed in several 
European countries, and a zoonotic source is widely de-
bated (7). Isolates of ribotype 014 and 046 were identifi ed 
in 15% and 10% of all participating hospitals respectively 
and are widespread in neighboring countries (7).

Antimicrobial drug susceptibility testing showed that 
all tested isolates were susceptible to metronidazole and 
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Figure 1. Prevalent PCR ribotypes of Clostridium diffi cile in hospitals 
in Germany, 2008. Eighty-four hospitals sent isolates from patients 
with severe C. diffi cile infections to the Robert Koch Institute. 
Ribotype 001, responsible for severe infections in 59 hospitals 
(70%), was the most prevalent ribotype, followed by ribotype 078 
(19 hospitals, 23%), ribotype 027 (16 hospitals, 19%), ribotype 014 
(13 hospitals, 15%), and ribotype 046 (8 hospitals, 10%).



vancomycin. The mean MICs for metronidazole and van-
comycin were calculated for each of the 7 most common 
ribotypes (Table 1). In contrast to a previous study from 
the United Kingdom, there were no signifi cant differences 
in the mean MICs of metronidazole of common ribotypes 
001, 078, and 027 compared with ribotypes 014, 046, 012, 
and 015 (p = 0.12, Student unpaired t test) (8).

Exposure to fl uoroquinolones was described as an 
independent risk factor for CDI (9). Type 001 and 027 
isolates from Germany showed widespread resistance to 
moxifl oxacin and levofl oxacin (Table 2). In several studies, 
acquisition of fl uoroquinolone resistance in C. diffi cile has 
been associated with mutations in the active site of DNA 
gyrase (10–12). Sequence analysis of subunits gyrA and 
gyrB showed that most drug-resistant isolates (including 
ribotypes 001, 078, 027, 014, and 046) shared the same sin-
gle transition mutation (ACT to ATT) in gyrA, resulting in 
the amino acid substitution Thr-82→Ile (Table 2). One iso-
late of type 001 possessed a Thr-82→Ile and Asp-71→Glu 

(GAC to GAA) mutation and 1 isolate of type 078, resistant 
to levofl oxacin (MIC >32 mg/L) but susceptible to moxi-
fl oxacin (MIC = 2 mg/L), showed a Thr-82→Ala (ACT to 
GCT) change. In addition, high-level resistance (MIC >32 
mg/L) to both fl uoroquinolones was found in 2 isolates of 
type 014 and 078 associated with mutations in gyrB, al-
though no mutations in gyrA were observed.

The gyrA mutations Thr-82→Ala and Asp-71→Glu 
have not been reported. However, several amino acid sub-
stitutions at both positions were noted before, indicating 
that Thr-82 and Asp-71 in gyrA play a major role in confer-
ring fl uoroquinolone resistance in C. diffi cile (10–12). The 
Thr-82→Ile substitution especially has been associated with 
fl uoroquinolone resistance in C. diffi cile by several groups 
(10–12). For instance, Spigaglia et al. described this sub-
stitution in 77 fl uoroquinolone-resistant isolates affi liated 
with 19 ribotypes collected in 12 countries in Europe (10). 
Thr-82 in C. diffi cile corresponds to Ser-83 in the quinoline 
resistance–determining region of Escherichia coli (11), and 
mutations at homologous positions have been associated 
with fl uoroquinolones resistance in several bacteria (13).

Fluoroquinolone resistance has been suggested to pro-
vide a selective advantage for the spread of epidemic C. 
diffi cile strains (8,9,14). However, resistance arose conver-
gently in C. diffi cile ribotypes as a consequence of selec-
tive pressure resulting from widespread fl uoroquinolone 
use. Because identical mutations were found even in many 
uncommon strains, gyrase mutations and associated fl uoro-
quinolone resistance alone cannot explain the high preva-
lence of ribotypes 001 and 027. 

Conclusions
We describe the dissemination and antimicrobial drug 

susceptibility of ribotypes causing severe CDI in Germany 
in 2008. We found that ribotype 001 was the most prevalent 
and widespread ribotype, found in 70% of submitting hos-
pitals. Although dissemination of ribotype 027 was more 
restricted, recent studies in England and Canada demon-
strated that ribotype 027 had the ability to replace type 001 
within a few years. In England, ribotype 001 had accounted 
for ≈55% of all CDI cases in the late 1990s but was reduced 
to 8% in 2008; during the same period, the proportion of 
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Figure 2. Approximate geographic dissemination of PCR ribotype 
001, 078, and 027 of Clostridium diffi cile in hospitals in Germany 
in 2008. Green dots indicate hospitals with C. diffi cile ribotype 001 
infections, blue squares hospitals with ribotype 078 infections, and 
red stars hospitals with ribotype 027 infections.

Table 1. Mean MICs of Clostridium difficile PCR ribotypes for 
metronidazole and vancomycin 

PCR ribotype (no.) 
Metronidazole,

mean MIC, mg/L 
Vancomycin, mean 

MIC, mg/L 
001 (303) 0.056 1.54
078 (46) 0.071 1.6
027 (51) 0.06 1.42
014 (21) 0.05 1.58
046 (14) 0.041 1.55
012 (14) 0.054 1.96
015 (6) 0.071 1.92



C. diffi cile, Germany

ribotype 027 had increased to 41% (8). Similarly, studies in 
Quebec showed a radical change from ribotype 001 strains 
accounting for 84% of isolates in 2000–2001 to 80% type 
027 isolates in 2003–2004 (14). This change was associ-
ated with increasing rates of CDI illness and death. It there-
fore seems advisable to increase infection control measures 
to curb the spread of ribotype 027 in Germany. 

Present data suggest that the dissemination of 027 
strains in Germany is restricted to the southwest (Figure 
2). Therefore, ribotype 027 cannot be the causative agent 
of increasing nationwide CDI incidence rates. Thus, in-
creased infection control efforts should not be restricted to 
the exposure of ribotype 027 because severe CDI courses 
are caused by all toxigenic C. diffi cile strains.

To investigate if other traits (e.g., sporulation) or just 
random, stochastic events may determine the success of par-
ticular strains, a more detailed understanding of C. diffi cile 
population structure is necessary. Therefore, international 
investigations based on portable genotyping procedures 
(15) including isolates from both, CDI and asymptomatic 
carriage, would considerably improve current knowledge.
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Table 2. Resistance to moxifloxacin and levofloxacin among the 5 PCR ribotypes of Clostridium difficile most common in Germany, 
2008 

PCR ribotype (no.) 
No. (%) isolates, resistant to 
moxifloxacin (MIC >4 mg/L) 

No. (%) isolates, resistant to 
levofloxacin (MIC >4 mg/L) 

Amino acid substitution 
GyrA GyrB 

001 (303) 301 (99) 301 (99) Thr-82-Ile, Asp-71-Glu 
078 (46) 29 (63) 30 (65) Thr-82-Ile, Thr-82-Ala Asp-426-Asn 
027 (51) 51 (100) 51 (100) Thr-82-Ile 
014 (21) 2 (9) 2 (9) Thr-82-Ile Glu-466-Lys 
046 (14) 14 (100) 14 (100) Thr-82-Ile 
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Geoff Taylor, J. Scott Weese, Mark Miller, 
and the Canadian Nosocomial Infection 

Surveillance Program2

To determine the incidence rate of infections with North 
American pulsed-fi eld types 7 and 8 (NAP7/NAP8) strains of 
Clostrodium diffi cile, ribotype 078, and toxinotype V strains, 
we examined data collected for the Canadian Nosocomial 
Infections Surveillance Program (CNISP) CDI surveillance 
project during 2004–2008. Incidence of human infections 
increased from 0.5% in 2004/2005 to 1.6% in 2008.

Clostridium diffi cile infections (CDIs) have increased in 
incidence and severity within the past decade in North 

America and Europe (1), in large part because of the emer-
gence of the hypervirulent North American pulsed-fi eld 
type 1 (NAP1/027/III) strains (2–5). Recently, interest has 
increased in the ribotype 078 strain. A 2007 North Ameri-
can study showed that ribotype 078 strains predominated in 
swine and cattle (83%–94% prevalence), but were rare in 
a group of hospitalized persons (4% prevalence) (6). How-
ever, in studies from Europe and the United States, 078/V 
strains were found at a prevalence ranging from 3% to 11% 
(7–9). In a subsequent study by the US group, analysis of 
the toxinotype V strains from humans and food animals 
showed that 83% of strains were either NAP7 or NAP8 
(10). A Dutch group has recently shown that 078/V strains 

increased from 3% to 13% during February 2005–2008 
and can be considered hypervirulent (11). Our study aimed 
to determine the incidence rate of infections attributed to 
hypervirulent NAP7/078/V and NAP8/078/V strains of C. 
diffi cile in hospitals in Canada.

The Study
The Canadian Nosocomial Infection Surveillance Pro-

gram is a collaborative effort between the Canadian Hospital 
Epidemiology Committee, a subcommittee of the Associa-
tion of Medical Microbiology and Infectious Disease Can-
ada, the Centre for Infectious Disease Prevention and Con-
trol, and the National Microbiology Laboratory of the Public 
Health Agency of Canada. The Canadian Nosocomial Infec-
tion Surveillance Program conducted prospective surveil-
lance including collection of stool specimens from patients 
showing the presence of CDI during November 2004–April 
2005 and during March and April in 2007 and 2008.

An infection was considered healthcare-associated 
CDI  if the patient’s symptoms occurred at least 72 hours 
after hospital admission or if the symptoms resulted in re-
admission of a patient who had been hospitalized within the 
2 months before the symptom onset date and who was not 
a resident in a long-term care facility or nursing home (12). 
An infection was considered community-onset CDI  if the 
healthcare-associated defi nition was not met. Outcomes 30 
days postinfection were recorded to capture severe cases, 
which were defi ned as infections in patients admitted to an 
intensive care unit, in patients who had undergone colec-
tomy, or in patients who had died (12). Deaths were as-
sessed by the Canadian Hospital Epidemiology Committee 
member and categorized into 3 groups: 1) death directly 
attributable to CDI, 2) death indirectly related to CDI by 
exacerbation of an existing disease condition, or 3) death 
not a result of CDI. The assessment was made from infor-
mation obtained from medical charts, nurse logs, laboratory 
reports, and consultation with nursing and medical staff.

All stool specimens were cultured for C. diffi cile, and 
isolates were analyzed by PCR and pulsed-fi eld gel electro-
phoresis (PFGE) at the National Microbiology Laboratory. 
PFGE, ribotyping, and toxinotyping were performed as de-
scribed (10,11). MICs were determined by agar dilution or 
Etest. The primers used for PCR and sequencing are listed 
in Table 1. Macrorestriction patterns were analyzed with 
BioNumerics V4.5 (Applied Maths, Sint-Martens-Latem, 
Belgium).
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Fifteen NAP7 and 4 NAP8 patterns were identifi ed 
from isolates obtained from 2,794 patients (overall preva-
lence 0.68%). Table 2 lists the patients and epidemiologic 
information, and the Figure shows the corresponding ge-
nomic fi ngerprint patterns. During the study period, the 
incidence rate increased as follows: 8/1,785 (0.5%) in 
2004–2005; 5/638 (0.8%) in 2007; and 6/371 (1.6%) in 
2008. Of the 19 patients identifi ed, 14 were men with an 
average age of 70.8 years (not including 1 pediatric case), 
and 4 were women with an average age of 52.2 years; the 
overall average age was 61.5 years (Table 2). CDI was 
considered as community onset in 7 (37%) of 19 cases, 
and severe CDI was manifested in 3 (15.8%) case-patients 
(1 was healthcare-associated CDI  and 2 were community-
onset CDI). At 30 days postinfection for CDI, 26.3% of all 
patients had died, 1 death a direct result of CDI (5.3%), and 

1 indirectly related; 10.6% of total deaths were attributable 
to CDI.

Sequence analysis of the tcdC gene showed that all 
strains carried a C184T transition that introduces a stop 
codon leading to a presumptive truncated protein of 61 
residues, and a 39-bp deletion located downstream of the 
alternative stop codon. This tcdC variant has been pre-
viously described for toxinotype V strains (13). Sixteen 
of the isolates were ribotype 078 and 3 isolates had un-
known ribotypes. All 2004/2005 and 2007 isolates were 
toxinotype V. The 2008 isolates were not toxinotyped. 
All 19 strains were susceptible to metronidazole and van-
comycin. Seven isolates were susceptible to clindamycin 
(MIC <8 μg/mL) and 12 were resistant (6 had MICs = 8, 
2 had MICs = 16, and 4 had MICs >256). Only the 4 latter 
strains carried ermB and all were NAP8. Fourteen isolates 
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Table 1. Primers used in study of hospitalized patients with Clostridium difficile infection, Canada, 2004–2008  
Primer Sequence (5′  3′) Specificity 
tcd3 TGCAATTATAAAAACATCTTTAAAC tcdC PaLoc negative regulator 
tcd4 TATATCTAATAAAAGGGAGATTG 
cdtB-F1 TGGACAGGAAGAATAATTCCTTC cdtB binary toxin subunit B 
cdtB-R1 TGCAACTAACGGATCTCTTGC 
E5 CTCAAAACTTTTTAACGAGTG ermB erythromycin/clindamycin resistance 
E6 CCTCCCGTTAAATAATAGATA 
GyrAF TTGAAATAGCGGAAGAAATGA gyrA DNA gyrase subunit A 
GyrAR TTGCAGCTGTAGGGAAATC 
GyrBF GAAGGTCAAACTAAAACAAA gyrB DNA gyrase subunit B 
GyrBR GGGCTCCATCTACATCG 

Table 2. Epidemiologic information from hospitalized patients with Clostridium difficile infection, Canada, 2004–2008* 
Year and patient ID Province Age, y/sex Source  Severe CDI† Outcome‡ 
2004–2005 
 O1-0059 Ontario 62/M Healthcare-associated No Discharged
 O2-0053 Ontario 35/M Community-onset No Died-not attrib 
 O3-0042 Ontario 64/F Community-onset No Discharged
 Q1-0028 Quebec 66/M Healthcare-associated Yes Died-attrib 
 H1-0040 Nova Scotia 70/M Healthcare-associated No Discharged
 S1-0054 Saskatchewan 72/M Community-onset No Discharged
 S1-0063 Saskatchewan 82/M Community-onset Yes Discharged
 O7-0121 Ontario 74/M Healthcare-associated No Survived-hosp
2007 
 O1-7-0011 Ontario 87/M Community-onset No Survived-hosp
 O4-7-0011 Ontario 82/M Community-onset Yes Died-contrib 
 Q1-7-0017 Quebec 40/F Healthcare-associated No Discharged
 O8B-7-0002 Ontario 65/M Healthcare-associated No Died-not attrib 
 Q5-7-0013 Quebec 71/M Healthcare-associated No Discharged
2008 
 B1-8-0052 British Columbia 44/F Healthcare-associated No Discharged
 B1-8-0059 British Columbia 73/M Healthcare-associated No Discharged
 A3-8-0022 Alberta 38/F Community-onset No Discharged
 O2B-8-0015 Ontario 75/F Community-onset No Survived-hosp
 Q1-8-0008 Quebec 81/M Healthcare-associated No Died-not attrib 
 O5-8-0001 Ontario 2/M Healthcare-associated No Discharged
*ID, identification; CDI, Clostridium difficile infection; Died-not attrib, death not attributable to CDI; Died-attrib, death directly attributable to CDI; Survived-
hosp, patient survived but was still in a hospital at endpoint; Died-contrib, CDI indirectly contributed to death. 
†Required admission to intensive care unit due to CDI, received a colectomy, or died. 
‡At 30 days after diagnosis of CDI.  



that were susceptible to moxifl oxacin (MIC <8 μg/mL) 
had identical gyrA and gyrB quinolone-resistance–de-
termining regions (QRDR) sequences to the genes in C. 
diffi cile 630 (GenBank accession no. AM180355). Five 
moxifl oxacin-resistant isolates (MIC  > 8 μg/mL) had no 
mutations in the gyrB QRDR but each had 1 mutation in 
the gyrA QRDR. One with MIC = 8 had an Asp71Val 
mutation; 3 with MIC = 16 and 1 with MIC >32 had a 
Thr82Ile mutation. These mutations have been previously 
described in moxifl oxacin-resistant C. diffi cile (14).

Conclusions
C. diffi cile NAP7 and NAP8/078/V strains are rela-

tively rare in hospitalized patients with CDI in Canada, 
in contrast to their prevalence in Europe and the United 
States (7–11). However, incidence rates have tripled from 
0.5% in 2004 to 1.6% in 2008 (p = 0.22). There was a high 
association with a community onset, although dataset was 
too small to statistically confi rm that increased cases were 
more likely to be community onset; 2 (40%) of 5 deaths 
were attributable to CDI. Although the number of strains 
studied here was small, data are consistent with other stud-
ies that indicate a community association for NAP7 and 
NAP8/078/V strains (9–11). The prevalence of these strains 
in Canada may be higher than suggested here if they are a 
common cause of community-associated CDI, as studies 
have indicated (10,11). The role of animals in acquisition 
of NAP7 and NAP8/078/V strains was not evaluated be-
cause animal and food contact data were not available. 

Molecular typing of C. diffi cile is typically performed 
by using ribotyping in Europe and PFGE/macrorestriction 
analysis in North America; both groups may use toxinotyp-
ing, which strictly looks at PaLoc variation. We showed a 
high correlation between NAP7, NAP8, ribotype 078, and 
toxinotype V strains by the 3 typing methods, which en-
abled results of separate studies to be compared. Further-
more, tcdC analysis provides an additional diagnostic tool 
for these strains because the gene has a 39-bp deletion and 
a C184T-transition in all isolates we studied. 

Continued surveillance is warranted in humans, ani-
mals, and retail meat to determine whether NAP7 and 
8/078/V strains will continue to emerge in patients hospi-
talized in Canada and to determine whether the sources of 
these infections are related to animals or food. Surveillance 
is especially important given that these strains appear to be 
hypervirulent as has been reported for NAP1/027/III strains 
(11). 
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Figure. Dendrogram analysis of macrorestriction patterns (SmaI) 
of the NAP7 and NAP8 Clostridium diffi cile strains isolated from 
the patients listed in Table 2. C. diffi cile N07-00380 is a ribotype 
078 control strain. C. diffi cile NAP7-CDC and NAP8-CDC control 
strains are toxinotype V. Isolates exhibiting high-level clindamycin 
resistance (>256 μg/mL) and harboring ermB are indicated. 
The amino acid change found in the gyrA protein is shown for 
the moxifl oxacin-resistant strain antimicrobial drug–resistance 
mechanisms.
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During 2001–2002, high-level gentamicin-resistant 
(HLGR) Enterococcus faecalis isolates were detected in 2 
patients in Denmark who had infective endocarditis and in 
pigs and pork. Our results demonstrate that these isolates 
belong to the same clonal group, which suggests that pigs 
are a source of HLGR E. faecalis infection in humans.

Infective endocarditis is a life-threatening infection that 
involves the endocardial surface or vascular structures in 

proximity to the heart. Its intrinsic resistance to a number 
of antimicrobial drugs makes enterococcal infective endo-
carditis cumbersome to treat. For decades, the mainstay has 
been the combination of a cell wall–active agent (ampicil-
lin, penicillin, or vancomycin) and gentamicin (1). How-
ever, high-level resistance to gentamicin hinders the bac-
tericidal activity of combination therapy and increases the 
likelihood of clinical and microbiologic failure and even 
death (2).

High-level gentamicin-resistant (HLGR) Enterococ-
cus faecalis has been associated with the hospital setting 
and prior healthcare exposure, which suggests the exis-
tence of a healthcare reservoir (3). Nevertheless, entero-
cocci are gut commensals in humans and warm-blooded 
animals; therefore, reservoirs of HLGR E. faecalis con-
ceivably might exist in the community not directly linked 
to the healthcare setting.

During 2000–2002, the proportion of HLGR E. faeca-
lis isolates increased from 2% to 6% in the pig population 
in Denmark (4–6), which coincided with the emergence of 
HLGR E. faecalis isolates among patients with infective 
endocarditis in North Denmark Region. We undertook this 
study to determine whether pigs are a source of E. faecalis 
infections in humans.

The Study
Two HLGR E. faecalis isolates were collected by 

blood culture (BacT/Alert; bioMérieux, Marcy l’Etoile, 
France) from separate patients with infective endocardi-
tis in North Denmark Region during 2001–2002 (Table). 
The regional clinical microbiology laboratory at Aalborg 
Hospital performed all original antimicrobial susceptibility 
testing by using Etest (bioMérieux) according to the manu-
facturer’s recommendations. We retrieved patient informa-
tion recorded in a regional research database and used it to 
classify cases as defi nite, possible, or rejected according to 
the modifi ed Duke criteria (8). A nosocomial origin of in-
fection was determined in accordance with the US Centers 
for Disease Control and Prevention (9).

Patient A, an 81-year-old man with a previous stroke 
and a urinary catheter, was admitted twice within 1 month 
with HLGR E. faecalis bacteremia, a systolic murmur, 
transitory cerebral ischemia, and petecchial elements. 
Aortic valve endocarditis remained a clinical diagnosis 
because no echocardiography was performed (possible in-
fective endocarditis). The patient died from a new stroke 
1.5 months later.

Patient B, a 70-year-old woman with non–insulin-de-
pendent diabetes mellitus, had recurrent bacteremia with 
HLGR E. faecalis and a diagnosis of aortic valve endo-
carditis confi rmed by transesophageal echocardiography 
(defi nite infective endocarditis). Aortic valve replacement 
was performed, and she died 1.5 years later from an un-
related cause. Both cases of infective endocarditis were 
deemed to be community acquired.

During 2001–2002, a total of 20 HLGR isolates were 
collected from 19 pigs and from 1 sample of pork as part of 
the Danish Integrated Antimicrobial Resistance Monitoring 
and Research Program (DANMAP) (Table) (5,6). DANMAP 
also collected fecal samples from humans in the community 
during 2002–2006. The protocol was approved by the re-
gional Scientifi c Ethics Committee before the investigation 
([KF] 01-006/02). Two HLGR isolates were recovered from 
community-dwelling persons (Table): a 24-year-old wom-
an (community healthcare worker) and a 2-year-old boy in 
whom infl ammatory bowel disease had been diagnosed and 
who had received antiinfl ammatory therapy (mesalazine) 
within the preceding 30 days. Both regularly ate meat, in-
cluding pork, and had no contact with food-producing ani-
mals during the 7 days before sampling.
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Gentamicin-Resistant E. faecalis

MICs were determined for gentamicin (128–2,048 μg/
mL) by using the Sensititre system (Trek Diagnostic Sys-
tems, East Grinstead, UK) according to current guidelines 
for inoculation and incubation recommended by the Clini-
cal and Laboratory Standards Institute (10). MICs were 
consequently >1,024 μg/mL (Table).

Multilocus sequence typing (MLST) was performed 
for the 24 HLGR isolates as described (11). The 2 iso-
lates from patients A and B, 18 of 19 isolates from pigs, 
the isolate from pork, and the 2 isolates from community-
dwelling persons belonged to MLST type ST16 (Table). 
The remaining isolate from pigs belonged to MLST type 
ST35 (Table).

The major MLST type ST16 was further characterized 
by pulsed-fi eld gel electrophoresis (PFGE) by using SmaI 
(12). The PFGE patterns were analyzed by using BioNu-
merics version 5.1 (Applied Maths, Kortrijk, Belgium), 
and isolates were grouped into PFGE clonal types by us-
ing Dice coeffi cients and a value of >82% relatedness (13). 
The PFGE patterns had a minimum of 86% relatedness and 
were clustered into 1 major clonal group.

The HLGR ST16 isolates were further screened by 
PCR for the aac(6′)Ie-aph(2′′)Ia gene, the aph(2′′)Ib and 
aph(2′′)Id genes and the aph(2′′)Ic gene to assess the ge-
netic background of gentamicin resistance. All 24 HLGR 
ST16 isolates carried the aac(6′)Ie-aph(2′′)Ia gene and 
none of the other genes encoding gentamicin resistance.

Conclusions
Our study provides evidence of the existence of a 

widespread community reservoir of HLGR ST16 in pigs in 
Denmark during 2001–2002, which coincided with emer-
gence of HLGR ST16 isolates among IE patients in North 
Denmark Region. One isolate was present in pork, which 
supports foodborne transmission, although direct transmis-
sion from animals to humans is also possible.

Our study has potential limitations. First, the method 
used by DANMAP (susceptibility testing of 1 colony per 
sample, rather than resistance prevalence per sample) may 
underestimate the extent of the HLGR reservoir in food-
producing animals, meat products, and community-dwell-
ing persons. Second, HLGR isolates from patients with 
infective endocarditis emanated from 2001 and 2002 and 
therefore do not represent recent trends.

Our fi ndings support the results of a recent study in the 
United States that identifi ed HLGR E. faecalis isolates with 
similar PFGE patterns (<3-band difference) from pork and 
fecal swabs of outpatients (14). These pig-related HLGR 
isolates, as well as our collection of HLGR ST16 isolates, 
carry the aac(6′)Ie-aph(2′′)Ia gene encoding gentamicin 
resistance.

Pig-related E. faecalis isolates belonging to ST16 car-
ry pathogenicity island genes (7). These genes are more 
frequently detected among E. faecalis isolates recovered 
from blood or from fecal swabs of inpatients than among 
isolates from fecal swabs of healthy persons, which sug-
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Table. Origins of gentamicin-resistant Enterococcus faecalis isolates and MICs for gentamicin, Denmark, 2001–2002* 
Identification no. Other name Origin Sampling date MIC for gentamicin, μg/mL MLST type
124832  IE patient A 2001 Nov 18 >2,048 16
48250  IE patient B 2002 May 2 >2,048 16
7330318-4 D6 Pig 2001 Mar 29 >2,048 16
7330612-2 D29 Pig 2001 Jul 25 2,048 16
7330948-5 D34 Pig 2001 Nov 23 2,048 16
7330115-2  Pig 2001 Jan 29 >2,048 16
7330445-1  Pig 2001 May 21 2,048 16
7430040-2  Pig 2002 Feb 18 1,024 16
7430049-2  Pig 2002 Feb 22 1,024 16
7430275-3  Pig 2002 May 16 >2,048 16
7430291-2  Pig 2002 May 21 2,048 16
7430297-2  Pig 2002 May 22 >2,048 16
7430315-3  Pig 2002 May 23 2,048 35
7430317-5  Pig 2002 May 23 2,048 16
7430328-3  Pig 2002 May 27 >2,048 16
7430405-1  Pig 2002 Jun 24 >2,048 16
7430411-3  Pig 2002 Jun 25 1,024 16
7430416-2  Pig 2002 Jun 24 1,024 16
7430416-3  Pig 2002 Jun 24 >2,048 16
7430803-2  Pig 2002 Nov 18 >2,048 16
7430821-4  Pig 2002 Nov 21 >2,048 16
19116  Pork 2002 Oct 6 >2,048 16
1448  CD human 2003 Oct 1 >2,048 16
3382  CD human 2005 Dec 9 >2,048 16
*MLST, multilocus sequence typing; IE, infective endocarditis; CD, community dwelling. MLST types in boldface have been published (7). 



gests that they are associated with invasiveness and viru-
lence in humans (15).

With an annual production of >22 million slaugh-
ter pigs (4–6), Denmark has a large potential reservoir of 
HLGR ST16. Although HLGR ST16 was not detected in 
other food-producing animals and meat products, this type 
may not be exclusive to pigs. We found HLGR ST16 iso-
lates in 2 community-dwelling persons during 2003–2005. 
Preference for eating pork, close contact with the health-
care setting, underlying disease, or a combination thereof 
may have predisposed these persons to become colonized 
by this potential pathogen.

HLGR ST16 appears to be transmitted from pigs to 
humans, although other routes of transmission also may 
exist. Further studies are needed to better understand the 
human and veterinary epidemiology of this zoonosis. 
Areas of study should include recent trends of HLGR 
among invasive E. faecalis; size of the reservoir in pigs; 
its association with antimicrobial drug use in pigs; and 
whether other animals, immunocompromised persons, 
or healthy persons constitute a community reservoir of 
HLGR ST16.
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Merkel Cell 
Polyomavirus in 

Cutaneous Swabs
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To assess the usefulness of using cutaneous swabs 
to detect Merkel cell polyomavirus (MCPyV) DNA, we 
analyzed swabs from persons with Merkel cell carcinoma 
(MCC), others with skin diseases, and healthy volunteers. 
MCPyV was detected in at least 1 sample from virtually all 
participants. Viral loads were higher in samples from pa-
tients with MCC.

Merkel cell polyomavirus (MCPyV) is a recently iden-
tifi ed human virus initially discovered in tumor tis-

sues of patients with Merkel cell carcinoma (MCC), a rare 
but aggressive skin cancer (1). Several studies have con-
fi rmed that MCPyV DNA is present in 70%–80% of MCC 
tumors (1–4) and that tumoral cells in most patients show 
a monoclonal integration of the viral genome and expres-
sion of the large T antigen (1,5–7). Furthermore, the inte-
grated viral genome may harbor mutations in the T-antigen 
coding sequence, resulting in truncation of the correspond-
ing helicase protein (8). These data support a causal role 
of MCPyV in tumorogenesis. However, the tumorogenic 
potential of MCPyV remains unclear because the MCPyV 
genome cannot be detected in 20%–30% of MCC tumors, 
whereas MCPyV DNA has been consistently identifi ed in 
persons with other disorders or in the skin of healthy per-
sons (9–12).

Most studies of MCPyV DNA detection in skin sam-
ples have been performed on biopsy samples. We assessed 
the relevance of using cutaneous swabbing instead of full-
skin tissue samples for viral MCPyV DNA detection. Over-
all, our results show that MCPyV DNA was detected in 
cutaneous swabs from almost all study participants, which 
indicated that MCPyV is likely a ubiquitous virus.

The Study
Cutaneous swabs were obtained from 46 persons: 5 pa-

tients with MCC (median age 76 years, range 68–78 years); 
16 patients with various skin diseases (median age 76.5 
years, range 41–90 years); and 25 clinically healthy volun-
teers (median age 35 years, range 22–58 years) who were 

recruited from among Montpellier University Hospital staff 
(Table). All study participants gave written informed con-
sent, and the study was approved by the local ethics com-
mittee. Cutaneous swabs were collected from the face and, 
for most study participants, from the trunk (chest, back, or 
abdomen) and upper and lower limbs. Lesions in patients 
with MCC or other cutaneous disorders were also swabbed. 
Additionally, buccal mucosa swabs were obtained from 42 
patients.

Swabs were suspended in 400 μL of phosphate-buff-
ered saline, and DNA was extracted from 300 μL of the 
suspension with an automatic EasyMag apparatus (bio-
Mérieux, Marcy l’Etoile, France). The elution volume was 
50 μL, and 10 μL of eluate was used for subsequent PCRs. 
An unused swab, processed in the same way as the cutane-
ous swab, was included in each run as the negative con-
trol. MCPyV DNA was detected by PCR by using large T 
antigen (LT3) and viral capsid protein (VP1) primers (1); 
MCPyV DNA levels were measured by real-time PCR as 
described (11). Total DNA level in swabs was measured 
by using the LightCycler Control DNA Kit (Roche Diag-
nostics, Meylan, France), and results were expressed as 
MCPyV DNA copies/ng DNA.

We analyzed categorical data by using the χ2 test. Con-
tinuous variables were compared by using the Kruskal-
Wallis test for multiple groups and the Fligner-Policello 
rank tests for pairwise comparisons. Bonferroni correction 
was applied when appropriate. A p value <0.05 was con-
sidered signifi cant.

Overall, MCPyV DNA was detected in at least 1 swab 
from all but 2 study participants (1 patient with Kaposi 
sarcoma and another with a leg ulcer). MCPyV DNA was 
detected in 141 (79.6%) of 177 cutaneous swabs and in 2 
(4.8%) of 42 buccal mucosa swabs (p<0.001) (Table). The 
viral genome was detected in 27 (93.1%) of 29 cutaneous 
swabs from patients with MCC, in 58 (74.3 %) of 78 from 
patients with other cutaneous diseases, and in 56 (80.0%) 
of 70 from clinically healthy volunteers (p = 0.10). MCPyV 
DNA was more frequently detected on swabs taken from 
the face (43/47, 91.5%) than from the trunk (40/47, 85.1%) 
or limbs (48/69, 69.6%), but the difference was signifi cant 
only between face and limb swabs (p = 0.005). The MCPyV 
genome was absent from swabs taken from 3 leg ulcers.

Levels of total human DNA were signifi cantly higher 
in buccal mucosa swabs than in cutaneous swabs (2,170 
pg/μL vs. 62 pg/μL; p<0.001). MCPyV DNA levels were 
higher in cutaneous swabs obtained from patients with 
MCC (median 861 copies/ng DNA) than in those from pa-
tients with other skin diseases (median 45 copies/ng DNA; 
p<0.001) or from the clinically healthy volunteers (medi-
an 43 copies/ng DNA; p<0.001) (Figure). MCPyV DNA 
levels were 5 and 11 copies/ng of DNA in each of the 2 
positive buccal swabs.
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Conclusions
Our results demonstrate that MCPyV DNA can be effi -

ciently detected by cutaneous swabbing. This easy method 
could be a useful tool for future epidemiologic or molecular 
studies targeting MCPyV. Indeed, this noninvasive proce-
dure may be easily performed without the potential risk for 
side effects related to biopsy collection and is more accept-
able than a biopsy for patients who do not have cutaneous 
disease. The high prevalence of MCPyV DNA at the skin 
surface, contrasted with its low prevalence in buccal mu-
cosa and its absence in skin ulcers (where the epidermis is 
absent), strongly suggests that MCPyV is localized in the 
epidermis. As an alternative hypothesis, MCPyV could be 
released onto the skin surface through sebaceous or sudoral 
secretions. The relative high levels of viral DNA contrast-
ed with the low amount of total DNA in cutaneous swabs 
might indeed support this hypothesis.

A lower prevalence of MCPyV DNA in skin biopsy 
samples among a similar subset of patients has been re-
ported (11). However, this fi nding may be explained by the 

more limited amounts of superfi cial skin layers in skin bi-
opsy samples compared with those in cutaneous swabs. Be-
cause disinfection of the skin before a biopsy may eliminate 
potential viral DNA from the epidermis, cutaneous swab-
bing may produce a more thorough sample for testing. 

Our results are in accordance with those from a study 
by Loyo et al. that showed widespread distribution of 
MCPyV (12) and with those from a study by Wieland et 
al., who detected MCPyV DNA on the forehead skin of 
62% of healthy persons (13). These fi ndings strongly sug-
gest that MCPyV is likely present in the skin of almost all 
adults. Furthermore, another recent study on MCPyV sero-
prevalence concluded that MCPyV circulates widely in the 
human population because specifi c MCPyV antibodies can 
be detected in as much as 80% of persons tested (14). Our 
results indeed support these serologic data and would be 
indicative of a persistent, although asymptomatic, infection 
with MCPyV in the epidermis of most persons.

Our results concur with those of other studies that 
found higher levels of MCPyV DNA in samples from 
MCC patients than from other subsets of patients (11,12). 
Similarly, higher MCPyV-specifi c antibody titers in pa-
tients with MCC have been reported (14). These consistent 
data suggest that MCPyV is likely involved in MCC path-
omechanisms. However, high MCPyV DNA levels and 
high antibody titers (11,12,14) may be found in persons 
without MCC. The clinical relevance of increased viral 
load or antibody titers, therefore, remains unclear.

Our detection of MCPyV DNA in 2 buccal mucosa 
swabs is in line with recent reports of the widespread vi-
ral DNA in the human body (12,13,15). Even though these 
data might point toward a mucosal, respiratory, or fecal–
oral route of transmission, the skin carriage we observed 
suggests that a cutaneous route should also be considered. 
Cutaneous swabbing could be an effective, less invasive 
method of detecting MCPyV DNA, providing a useful tool 
for future epidemiologic and molecular studies.

This work was funded in part by a grant from the Clinical 
Research Program of the Montpellier University Hospital (AOI 
2008, Protocole UF8425).
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Table. Merkel cell polyomavirus DNA detection rates in swabs  

Swab type 
Patients with MCC* 

(no. positive/no. tested) 
Patients with other skin diseases† 

(no. positive/no. tested) 
Clinically healthy volunteers  

(no. positive/no. tested) 
Buccal mucosa  1/5 0/13 1/24
Cutaneous
 Overall 27/29 58/78 56/70 
 Face 6/6 14/16 23/25 
 Trunk  11/11 16/20 13/16 
 Upper limb 1//2 10/15 9/14
 Lower limb 7/8 10/15 11/15 
 Lesion 2/2 8/12 Not applicable 
*MCC, Merkel cell carcinoma. 
†Patients with Kaposi sarcoma (n = 6), cutaneous drug side-effect (n = 3), leg ulcer (n = 3), bullous pemphigoid (n = 2), psoriasis (n = 1), and mycosis 
fungoides (n = 1). 

Figure. Comparison of Merkel cell polyomavirus DNA levels in 
cutaneous swabs obtained from 46 study participants. A) Patients 
with Merkel cell carcinoma; B) patients with other skin diseases; 
C) clinically healthy volunteers. Data are presented as box-and-
whisker plots. Boxes represent the interquartile range, lines within 
the boxes represent the median value, and whiskers represent 
1.5 × the interquartile range.
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Novel nontoxigenic Corynebacterium diphtheriae was 
isolated from a domestic cat with severe otitis. Contact in-
vestigation and carrier study of human and animal contacts 
yielded 3 additional, identical isolates from cats, although 
no evidence of zoonotic transmission was identifi ed. Molec-
ular methods distinguished the feline isolates from known 
C. diphtheriae.

The clinical relevance of Corynebacterium diphtheriae 
recovered from a cat with otitis is poorly understood. 

Historically, humans have been thought to be its sole res-
ervoir, and the few human cases reported annually in the 
United States are generally associated with international 
travel (1). Therefore, when C. diphtheriae was isolated 
from the ears of a cat, an investigation was initiated to 
evaluate potential sources of the cat’s infection and poten-
tial public health risks and to preliminarily characterize the 
C. diphtheriae isolate.

The cat, an 8-month-old female domestic shorthair, 
was examined at a West Virginia veterinary hospital on 5 
occasions during January–June 2007. Pertinent fi ndings in-
cluded severe bilateral otitis, vestibular signs, mild ataxia, 
anorexia, and failure to gain weight; the cat had a history 
of ear, eye, and lung infections. Results of diagnostic tests 
showed no evidence of systemic disease and were nega-

tive for feline immunodefi ciency and leukemia viruses and 
feline infectious peritonitis. Culture of an otic swab col-
lected from the cat in May 2007 yielded 4 organisms: C. 
diphtheriae, Streptococcus equi zooepidemicus, Staphy-
lococcus spp., and Achromobacter xylosoxidans. The cat 
was treated with oral clindamycin, otic enrofl oxacin, and 
an ear-fl ushing solution.

The Study
In June 2007, investigators visited the veterinary clinic 

and the household of the index cat and conducted a contact 
investigation and carrier study. Interviews of 2 household 
members and 8 veterinary staff members indicated no re-
cent respiratory illness, skin infection, or risk factors for 
diphtheria (e.g., travel to countries to which diphtheria is 
endemic or contact with known case-patients). Half of these 
10 contacts had received diphtheria vaccination within the 
previous 5 years. Cultures of oropharyngeal swab samples 
obtained from each person were negative, including cystine 
tellurite blood agar, which is selective for C. diphtheriae. 
Household members also were interviewed about medical 
history of a convenience sample of household animals (4 
cats, including the index cat; 2 dogs; and 1 horse). Each 
animal was briefl y examined, and oropharyngeal, otic, or 
ocular swab samples were collected. Otitis was observed in 
all 4 cats and 1 dog. The horse reportedly had had an eye 
infection ≈5 years earlier. No other abnormal fi ndings were 
noted. Animal specimens yielded 3 additional isolates of 
C. diphtheriae: 1 from each ear of the index cat and 1 from 
the left ear of a 2-year-old domestic medium-hair cat. Both 
cats had been born on the premises and had remained with 
the same household since birth.

Feline C. diphtheriae and reference isolates used are 
described in the Table. Tinsdale agar plate growth (Remel, 
Lenexa, KS, USA) gave rise to black colonies with a brown 
halo, typical of cysteinase-producing C. diphtheriae, C. ul-
cerans, or C. pseudotuberculosis. After 24 hours on blood 
agar, 1–2-mm grey-white or opaque, rounded, convex col-
onies with no hemolysis were observed. Microscopically, 
the bacteria were gram-positive, club-shaped rods, 1 μm 
in diameter, arranged singly or at angles. Biochemical pro-
fi les to determine species and biotype were done by using 
an API Coryne strip (bioMérieux, Durham, NC, USA, and 
St-Laurent, Quebec, Canada). Query of API Coryne code 
0010304 obtained for all isolates by APIWEB (https://api-
web.biomerieux.com) indicated a decreased level of confi -
dence of C. diphtheriae biotype mitis or belfanti (89.5%) 
because of a maltose-negative result. Isolates were further 
characterized morphologically and biochemically by using 
tube substrates (2) and were identifi ed by using a standard 
taxonomic scheme (3). Feline isolates were biochemically 
identical with each other and phenotypically consistent 
with C. diphtheriae biotype belfanti, except for the lack 
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Figure 1. Neighbor-joining 
phylogenetic tree based on 16S 
rRNA gene sequence analysis 
of Corynebacterium diphtheriae 
isolates, including 4 feline 
isolates from West Virginia, 
2008 (ATCC BAA-1774, CD 
448, CD 449, CD 450). The tree 
was constructed from a 1,437-
bp alignment of 16S rRNA 
gene sequences by using the 
neighbor-joining method and 
Kimura 2-parameter substitution 
model. Bootstrap values 
(expressed as percentages of 

1,000 replicates) >40% are illustrated at branch points. Feline isolates had 100% identity with each other and >99.1% identity with C. 
diphtheriae biotypes gravis and belfanti. GenBank accession nos. given in parentheses. ATCC, American Type Culture Collection; CD, 
Centers for Disease Control and Prevention identifi er number; NCTC, National Collection of Type Cultures. Scale bar indicates number 
of substitutions per site.

C. diphtheriae in Domestic Cats

of maltose fermentation, which was considered an unusual 
fi nding (3).

Antimicrobial drug susceptibility testing was per-
formed according to the Clinical and Laboratory Standards 
Institute’s recommended methods and interpretative crite-
ria (4). All 4 feline isolates were sensitive to ampicillin, 
cefepime, cefotaxime, ceftriaxone, cefuroxime, chloram-
phenicol, ciprofl oxacin, clindamycin, daptomycin, erythro-
mycin, ertapenam, gatifl oxacin, gentamicin, levofl oxacin, 
linezolid, meropenem, moxifl oxacin, penicillin, quinupris-
tin/dalfopristin, rifampin, telithromycin, tetracycline, tige-
cycline, trimethoprim/sulfamethoxazole, and vancomycin. 
Cellular fatty acid composition analysis was performed as 
described (5) by using the Sherlock system (MIDI, Inc., 
Newark, DE, USA), except that version 4.5 of the operat-
ing software was used. The cellular fatty acid composition 
profi les were consistent for C. diphtheriae, C. ulcerans, or 

C. pseudotuberculosis, including a substantial proportion 
(28%–30% of total) of C16:1ω7c (5). All feline isolates 
produced 7–15 meq/L of propionic acid among fermenta-
tion products, a feature associated with C. diphtheriae (2).

Results from use of the modifi ed Elek test (6) indi-
cated that all feline isolates were negative for production 
of diphtheria toxin; however, an atypical precipitation was 
observed after 36 h of incubation. Lack of toxin expres-
sion was corroborated by negative Vero cell assay results 
(7) and confi rmed by using Western blot. Real-time PCR 
selective for the C. diphtheriae and C. ulcerans toxin gene 
(tox) (8) was positive for all feline isolates. However, real-
time PCR for A and B subunits of tox (9) amplifi ed subunit 
A but not subunit B. Sequence analysis of the tox gene was 
performed as previously outlined (10) and compared with 
a reference tox gene, GenBank accession no. K01722. The 
4 feline tox sequences were identical to each other but con-
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Table. Feline Corynebacterium diphtheriae isolates and reference strains used for comparison, West Virginia, 2008* 

Strain Culture collection Source Diphtheria toxin 
GenBank accession no. 

16S rRNA rpoB tox gene 
CD443 ATCC BAA-1774 Cat 1, right ear Nontoxigenic FJ409572 FJ415317 FJ376656 
CD448 ND Cat 1, right ear Nontoxigenic FJ409573 ND FJ422272 
CD449 ND Cat 1, left ear Nontoxigenic FJ409574 ND FJ422273 
CD450 ND Cat 2, left ear Nontoxigenic FJ409575 FJ415318 FJ422274 
C. diphtheriae biotype mitis NCTC 10356† Human nose Nontoxigenic GQ118340 GQ409648 ND 
C. diphtheriae biotype gravis NCTC 10648 Unknown Toxigenic ND ND ND 
C. diphtheriae biotype gravis NCTC 11397T

ATCC 27010T
Unknown Nontoxigenic GQ118341 GQ409649 ND 

C. diphtheriae biotype gravis NCTC 13129 
ATCC 700971 

Human throat Unknown GQ118344 GQ409650 ND 

C. pseudotuberculosis NCTC 3450T Sheep gland Unknown GQ118342 GQ409651 ND 
C. ulcerans NCTC 12077 Human throat Unknown GQ118343 ND ND 
C. ulcerans NCTC 7910 Human throat Unknown GQ118345 ND ND 
*CD, Centers for Disease Control and Prevention identifier number; ATCC, American Type Culture Collection; ND, not deposited in this study; NCTC, 
National Collection of Type Cultures, London, UK. Additional strains used as controls for specific assays: toxigenic C. diphtheriae biotype belfanti isolates 
used for real-time PCR of tox gene were 718, G4182, C59, C60, C75, C76, C77; toxigenic C. diphtheriae ATCC 27012 used as positive control for Elek; 
C. diphtheriae NCTC 10481 and C. ulcerans CD199 used as positive and negative controls for Vero cell assay. 
†NCTC 10356 is described in the NCTC catalogue as C. diphtheriae biotype mitis; however, analyses in this study found this strain to be nitrate negative 
and therefore consistent with C. diphtheriae biotype belfanti. Thus, it was used in this study as a belfanti reference strain. 



Figure 2. Jukes-Cantor–derived phylogenetic 
tree based on sequence analysis of a selected 
region of the rpoB gene of Corynebacterium 
isolates, including 2 feline isolates from West 
Virginia, 2008 (ATCC BAA-1774, CD 450). Feline 
isolates had 100% identity with each other and 
97.7% identity with C. diphtheriae biotypes gravis 
and belfanti. GenBank accession nos. given 
in parentheses. ATCC, American Type Culture 
Collection; CD, Centers for Disease Control and 
Prevention identifi er number; NCTC, National 
Collection of Type Cultures. Scale bar indicates 
number of substitutions per site.

tained multiple nucleotide substitutions and deletions com-
pared with the reference gene. By NCBI BLAST search 
(http://blast.ncbi.nlm.nih.gov/Blast.cgi), the feline tox had 
higher sequence identity (97%–98%) to the tox sequences 
of C. ulcerans, compared with those from C. diphtheriae 
(94%–95%). A deletion at nt 55, coupled with a cytosine-
to-thymine substitution at nt 74, prematurely terminated 
the peptide at aa 25.

Species characterization was corroborated by using 16S 
rRNA (11) and partial rpoB (12) gene sequencing. By 16S 
rRNA gene sequence analysis, the feline strains had 100% 
identity with each other and >99.1% identity with various 
reference sequences for C. diphtheriae biotype gravis and 
belfanti sequences, including NCTC 11397T. Partial rpoB 
sequence analyses indicated 100% identity among the fe-
line isolates and 97.7% identity with C. diphtheriae NCTC 
11397T. Neighbor-joining phylogenetic trees based on both 
16S rRNA (Figure 1) and partial rpoB gene sequencing 
(Figure 2) positioned the feline isolate sequences within the 
C. diphtheriae clade but clearly distinguished them from 
the other C. diphtheriae isolates. Comprehensive molecu-
lar analyses to characterize differences between biotype 
belfanti strains, including these feline isolates, with other 
C. diphtheriae biotypes, are the subject of a separate publi-
cation (C.G. Dowson, pers. comm.).

Conclusions
We identifi ed a potentially novel biotype of C. diph-

theriae recovered from domestic cats in West Virginia but 
found no evidence of zoonotic transmission. Although rare, 
isolation of C. diphtheriae from animals has been reported, 
including C. diphtheriae biotype belfanti from a skin lesion 
of a cow (13) and toxigenic C. diphtheriae biotype gravis 
from a wound of a horse (14). C. ulcerans is a known ani-
mal pathogen, and zoonotic transmission of toxigenic C. 
ulcerans from companion animals has been reported, often 
associated with predisposing concurrent illnesses (15).

The feline strains isolated during this investigation dif-
fered phenotypically from previously described biotypes 
but were otherwise regarded as typical of C. diphtheriae. 
However, isolates were nontoxigenic and harbored a modi-

fi ed tox gene with sequence differences from Corynebac-
terium spp. capable of expressing diphtheria toxin. On 
the basis of published criteria (11), the feline strain might 
represent a novel subspecies of C. diphtheriae because it 
shares <98% sequence homology to the type strain within 
the rpoB gene. Potential for zoonotic transmission of this 
novel, cat-associated C. diphtheriae and associated public 
health implications are unknown. Additional studies are 
needed to further characterize these isolates and determine 
their appropriate taxonomy. Large-scale screening of do-
mestic cat populations is recommended to determine the 
prevalence of C. diphtheriae and its pathogenic potential 
and to identify additional isolates for more formal descrip-
tion and classifi cation.
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Sympatric 
Occurrence of 3 

Arenaviruses, 
Tanzania
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To determine the specifi city of Morogoro virus for its 
reservoir host, we studied its host range and genetic diver-
sity in Tanzania. We found that 2 rodent species other than 
Mastomys natalensis mice carry arenaviruses. Analysis of 
340 nt of the viral RNA polymerase gene showed sympatric 
occurrence of 3 distinct arenaviruses.

Arenaviruses are RNA viruses, primarily rodent borne, 
that include the etiologic agents of lymphocytic cho-

riomeningitis and hemorrhagic fevers in humans. On the 
basis of their antigenic properties, arenaviruses have been 
divided in 2 groups: New World and Old World (1). In Af-
rica, 2 arenaviruses are known to be highly pathogenic to 
humans: Lassa virus in West Africa and the recently de-
scribed Lujo virus from southern Africa (2). Rodents from 
the subfamily Murinae are the principal hosts of the Old 
World arenaviruses. The multimammate mouse, Mastomys 
natalensis, is the reservoir host of Lassa virus in western 
Africa (3) and Mopeia virus, for which human pathogenic-
ity has not been reported, in eastern Africa (4,5).

Previously, a serosurvey of small mammals from Tan-
zania identifi ed a hot spot of arenavirus circulation in Mo-
rogoro (6). Molecular screening detected a new arenavirus 
in M. natalensis mice: Morogoro virus, closely related to 
Mopeia virus (6). This virus seems a promising model for 
studying virus–host dynamics and testing rodent control 
measures for arenaviruses for which M. natalensis mice are 
host. However, before being used as a model, the degree 
of specifi city of Morogoro virus for its reservoir host must 
be assessed because secondary reservoir species may play 
a role in the transmission and maintenance of the virus in 

natural habitats. Our objective, therefore, was to determine 
the limit of specifi city of the Morogoro virus.

The Study
From October 13 through December 3, 2008, a total 

of 555 small mammals were trapped in Morogoro, Tan-
zania (6.84°S, 37.65°E). This period corresponds to the 
end of the dry season, when the density of M. natalen-
sis mice is usually high (7). Sherman traps were set in 
habitats where these mice were expected to occur in high 
density (7). Dried blood samples were preserved on cali-
brated, prepunched fi lter papers. Blood samples (1 punch 
≈15μL/rodent) were eluted in 300 μL of phosphate-buff-
ered saline and tested for antibodies to arenaviruses by 
indirect immunofl uorescence antibody (IFA) testing us-
ing Morogoro virus as antigen. In addition, total RNA 
was extracted from another punch of blood by using 300 
μL of AVL buffer (QIAGEN, Venlo, the Netherlands). 
The lysate, plus 300 μL of ethanol, was centrifuged in a 
silica column (Zymo Research, Orange, CA, USA). The 
column was washed with 400 μL of AW1 and AW2 buf-
fers (QIAGEN). RNA was eluted with 15 μL of water. A 
1-step reverse transcription–PCR (RT-PCR) selective for 
the Morogoro virus RNA polymerase (large [L]) gene was 
performed as described (6); it was based on a pan–Old 
World arenavirus RT-PCR approach (8), but primers were 
adjusted to detect the Morogoro virus (6). Products were 
shown by agarose gel electrophoresis. A subset of the am-
plicons was purifi ed and unidirectionally sequenced by us-
ing MoroL3359-fwd primer (6). Amplicons derived from 
Lemniscomys rosalia and Mus minutoides mouse blood 
samples were bidirectionally sequenced. Nucleotide and 
amino acid sequences were aligned by using BioEdit soft-
ware (9). Old World arenaviruses and 2 representatives of 
New World arenaviruses were used to estimate nucleotide 
and amino acid pairwise divergence (p-distance) with 
MEGA 4 (10). A phylogram was reconstructed by using 
the neighbor-joining algorithm in MEGA 4.

We trapped 511 M. natalensis mice and 44 individuals 
from 7 other small mammal species (Table 1). IFA results 
were positive for 58 blood samples from M. natalensis, 1 
from L. rosalia, and 1 from M. minutoides mice (Table 1). 
M. rosalia mice were trapped in woodlands, whereas M. 
minutoides mice were trapped in vegetable gardens and 
fallow fi elds. These results are consistent with recently re-
ported results from a study in the same locality 20 years 
ago, in which mice from the genera Lemniscomys and Mus 
were seropositive for arenaviruses according to IFA with 
Lassa virus as antigen (6). In our 2008 study, the antibody 
prevalence for M. natalensis mice was 12.1%, which is low 
compared with 50% antibody prevalence reported for 2004 
and 2007 (6), suggesting high fl uctuation of interannual or 
seasonal prevalence of Morogoro virus in its host.
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Using RT-PCR selective for the arenavirus L gene, 
we obtained positive results for 43 mice: 41 M. natalen-
sis, 1 L. rosalia, and 1 M. minutoides. In total, 6 samples 
were positive according to IFA and RT-PCR. We se-
quenced 33 RT-PCR amplicons. The sequences derived 
from M. natalensis mice (286 bp used for the analysis) 
showed 97.1%–100% amino acid homology with the 
Morogoro prototype L sequence (GenBank accession no. 
EU914104). In contrast, the 2 sequences derived from 
the blood samples of L. rosalia and M. minutoides mice 
showed only 69.3% and 65.2% aa homology with the Mo-
rogoro prototype L sequence. These sequences (320 bp) 
were compared with sequences of the Old World arena-
viruses (Table 2). The virus amino acid sequence from 
M. minutoides mice clustered at 93.7% homology with 
that of the Kodoko virus, in the lymphocytic choriomen-
ingitis clade (Figure; Table 2): thus, the arenavirus of M. 

minutoides mice seems to be a strain of the Kodoko virus 
originally isolated from 2 M. minutoides mice in Guinea 
(11). Our fi nding supports M. minutoides mice as the true 
reservoir of Kodoko virus in Africa.

The amino acid sequence of the virus isolated from 
L. rosalia mice clusters with the Ippy virus sequence 
(Figure). Ippy virus was isolated in the Central African 
Republic from Arvicanthis niloticus rodents (12). For the 
portion of L gene sequenced (320 bp), the level of amino 
acid divergence between the 2 is 17.3%, higher than the 
level of divergence between other Old World arenavirus 
species (e.g., 14.5% aa divergence between Mobala and 
Lassa viruses; Table 2). Thus, the arenavirus found in L. 
rosalia mice appears to be a new species of Old World 
arenavirus. The genus Lemniscomys is more closely re-
lated to the genus Arvicanthis than to the genera Mus and 
Mastomys.
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Table 1. Arenavirus antibodies and arenaviruses in blood samples of small mammals around Morogoro, Tanzania, October 13–
December 3, 2008 

Species
No.

trapped 
Antibodies* Arenaviruses† Total positive, 

no. (%) No. examined No. (%) positive No. examined No. (%) positive 
Acomys spinosissimus 1 1 0 1 0 0
Crocidura sp. 20 11 0 12 0 0
Dasymys incomtus 1 1 0 1 0 0
Lemniscomys rosalia‡ 3 3 1 (33.3) 3 1 (33.3) 2 (66) 
Mastomys natalensis 511 480 58 (12.1) 489 41 (8.4) 93 (19) 
Mus minutoides‡ 7 5 1 (20) 5 1 (20) 2 (40) 
Rattus rattus 1 1 0 1 0 0
Gerbilliscus robustus 11 11 0 11 0 0
Total 555 513 60 (11.7) 523 43 (8.2) 97 (18.5) 
*Detected by indirect immunofluorescent antibody testing. 
†Large segment. Detected by reverse transcription–PCR. 
‡Species identification was confirmed by sequencing mitochondrial cytochrome b gene. 

Table 2. Nucleotide and amino acid p-distances of 2 arenaviruses in blood of Mus minutoides  and Lemniscomys rosalia  mice in 
Morogoro, Tanzania, October 13–December 3, 2008, compared with Old World and 2 New World arenaviruses* 

Virus
sequence†

Old World arenaviruses
New World 

arenaviruses
Dandedong Ippy Kodoko Mobala Mopeia Morogoro Lassa LCMV Lujo Lemn Minu Pirital Pichinde

Dandedong 0.282 0.073 0.218 0.255 0.282 0.209 0.027 0.355 0.245 0.091 0.418 0.409 
Ippy 0.345 0.264 0.227 0.209 0.209 0.191 0.300 0.345 0.173 0.273 0.491 0.482 
Kodoko 0.244 0.354 0.200 0.227 0.255 0.227 0.091 0.336 0.236 0.073 0.409 0.409 
Mobala 0.318 0.315 0.315 0.136 0.127 0.145 0.227 0.327 0.209 0.236 0.482 0.464 
Mopeia 0.310 0.295 0.351 0.256 0.055 0.145 0.273 0.345 0.182 0.255 0.482 0.464 
Morogoro 0.327 0.324 0.360 0.262 0.241 0.136 0.282 0.364 0.209 0.282 0.491 0.473 
Lassa 0.286 0.283 0.366 0.286 0.271 0.262 0.209 0.364 0.200 0.236 0.473 0.436 
LCMV 0.182 0.354 0.223 0.339 0.324 0.345 0.330 0.373 0.264 0.109 0.436 0.409 
Lujo 0.351 0.393 0.360 0.372 0.387 0.405 0.399 0.357 0.373 0.336 0.500 0.500 
Lemn 0.333 0.315 0.336 0.292 0.313 0.307 0.301 0.327 0.351 0.227 0.482 0.464 
Minu 0.211 0.360 0.241 0.301 0.348 0.348 0.339 0.244 0.354 0.324 0.436 0.409 
Pirital 0.440 0.467 0.429 0.420 0.452 0.443 0.455 0.432 0.476 0.473 0.417 0.173 
Pichinde 0.426 0.446 0.432 0.458 0.476 0.467 0.473 0.452 0.446 0.443 0.435 0.268
*Nucleotides below diagonal; amino acids above diagonal. LCMV, lymphocytic choriomeningitis virus; Lemn, virus sequenced from Lemniscomys rosalia 
mice (indicated by boldface); Minu, virus sequenced from Mus minutoides mice (indicated by boldface).
†Strains and GenBank accession numbers of the sequences used: Dandenong (0710-2678, EU136039), Ippy (Dak An B 188 d, DQ328878), Kodoko 
(KD42, EF179865), Mobala (Acar 3080, DQ328876), Mopeia (Mozambique, DQ328875), Morogoro (3017/2004, EU914104), Lassa (Josiah, AY628202), 
LCMV (Armstrong,,AY847351), Lujo (NC_012777), Pirital (VAV 488, AY216505), Pichinde (AN3739, NC_006439). Sequences of arenaviruses in L. 
rosalia and M. minutoides mice have been deposited in GenBank under accession nos. GU182412 and GU182413, respectively. 



Conclusions
In high-density habitats of M. natalensis mice, where 

Morogoro arenavirus transmission occurs, sympatric mu-
rine species do not seem to be secondary reservoirs for 
the virus. In contrast, 2 mouse species, L. rosalia and M. 
minutoides, seem to be reservoirs of 2 other Old World 
arenaviruses, 1 of which may be a new species. Our study 
emphasizes the complementary nature of serologic and ge-
netic-based approaches for arenavirus detection. Because 
of the cross-reactivity of Morogoro antigens with immune 
serum from individuals infected with other arenaviruses, a 
serology-only approach might have led to the conclusion 
that an extended set of hosts exists for the Morogoro virus. 
Because of its high cost, a genetics-only approach might 
never have indicated the hot spot of arenavirus around Mo-
rogoro that was shown by IFA (6). However, critically, ge-
netics then enable cross-reactivity to be decomposed.

Our study demonstrates the presence of 3 Old World 
arenaviruses in a single location. To date, only 5 Old World 
arenavirus species and 17 New World arenaviruses have 
been recognized by the International Committee for Tax-
onomy of Viruses (13). Although the likely presence of 
additional arenaviruses in Africa has long been suggested 
(14,15), the discovery of new Old World arenaviruses is 
rare. Our study illustrates that arenaviruses in Africa may 
be highly diverse and demonstrates the effi ciency of the 
recently developed pan–Old World arenavirus RT-PCR 
for identifying new Old World arenaviruses (8). To isolate 
and describe the new arenavirus of L. rosalia mice and the 
strain of Kodoko virus, additional sampling and genotyp-
ing are being conducted. In particular, determining the se-

quence of the S segment will further clarify evolutionary 
relationships within the Old World group.
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Figure. Neighbor-joining tree of Old World arenaviruses, showing 
position of 2 arenaviruses found in blood samples of Lemniscomys 
rosalia and Mus minutoides mice (boldface), based on the analysis 
of partial sequences of the RNA polymerase gene. Phylogeny was 
estimated by neighbor-joining of amino acid pairwise distance in 
MEGA 4 (10). Numbers represent percentage bootstrap support 
(1,000 replicates). Two New World arenaviruses, Pirital and 
Pichinde, were used as outgroups. See Table 2 for virus strains 
and GenBank accession numbers. Scale bar indicates amino acid 
substitutions per site. LCMV, lymphocytic choriomeningitis virus.
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Evolution of 
Porcine Kobuvirus 
Infection, Hungary 

Gábor Reuter, Sándor Kecskeméti, 
and Péter Pankovics

Porcine kobuvirus was fi rst identifi ed in early 2007 in 
Hungary. Originally thought to be confi ned to the intestine, 
almost 2 years later the virus was found in the blood of clini-
cally healthy pigs on the same farm. Porcine kobuvirus may 
be widely distributed on pig farms worldwide.

Picornaviruses (family Picornaviridae) are small, non-
enveloped viruses with single-stranded, positive-sense 

genomic RNA; they are divided into 12 genera: Aphthovi-
rus, Avihepatovirus, Cardiovirus, Enterovirus, Erbovirus, 
Hepatovirus, Parechovirus, Sapelovirus, Senecavirus, Tes-
chovirus, Tremovirus, and Kobuvirus (1). The genus Kobu-
virus consists of 2 offi cially recognized species, Aichi virus 
and Bovine kobuvirus, and 1 candidate species, porcine 
kobuvirus (2–4). Aichi virus (strain A846/88) was fi rst iso-
lated in 1989 in Japan, from a fecal sample from a person 
with acute gastroenteritis (2). Aichi viruses have also been 
detected in human fecal samples in other countries in Asia 
(5); Europe (6,7), including Hungary; South America (6); 
and North Africa (8). Bovine kobuvirus (strain U-1) has 
been detected in culture medium derived from cattle serum 
suspected to be contaminated with cattle feces (3) and in 
fecal samples from cattle in 2003 in Japan (3) and in 2008 
in Thailand (9) and Hungary (10). 

Porcine kobuvirus was fi rst identifi ed and the com-
plete genome (S-1-HUN; EU787450) characterized from 
fecal samples from domestic pigs in Hungary (4,11). Por-
cine kobuvirus has also been recently (2009) reported from 
the People’s Republic of China (12). Kobuvirus genomes 
are ≈8.2–8.4 kb. Genome organization includes leader (L) 
protein following structural (VP0, VP3, and VP1) and non-
structural (2A-2C and 3A-3D) regions (1,3,4,11). Genetic 
identity on the coding region between Aichi, U-1, and S-1-
HUN viruses varies from 35% (L protein) to 74% (3D re-
gion) (3,11). 

Kobuvirus infection has been thought to be confi ned 
to the intestine. To our knowledge, detection of kobuvirus 
in the infected host species serum (viremia) has not been 
reported. We report the endemic circulation and in vivo 

evolution of porcine kobuvirus on a pig farm where the 
virus was originally discovered and virus escape from the 
gastrointestinal tract, resulting in viremia in domestic pigs.

The Study
In February 2007, a total of 39 (65%) of 60 fecal 

samples from clinically healthy domestic pigs on a farm in 
eastern Hungary were positive (by reverse transcription–
PCR) for porcine kobuvirus (11) (Table 1). In November 
2008, 21 months later, we obtained 60 fecal and 60 serum 
sample pairs, again from apparently clinically healthy do-
mestic pigs on the same farm. We divided these pigs, all <6 
months of age with no diarrhea, into 4 age groups (Table 
1). Blood samples were taken from the jugular vein by us-
ing closed vacuum sets. Fecal and serum samples were 
processed and tested separately for porcine kobuvirus by 
using the same methods (RNA isolation, reverse transcrip-
tion–PCR) and the same primers for screening (UNIV-ko-
bu-F/UNIV-kobu-R for 3D) and for the complete genome 
analysis  described previously (11). PCR products were 
sequenced directly in both directions with the BigDye Re-
action Kit (Applied Biosystems, Warrington, UK) by using 
the PCR primers and an automated sequencer (ABI PRISM 
310 Genetic Analyzer; Applied Biosystems, Stafford, TX, 
USA). The genome was assigned GenBank accession no. 
GQ249161. Kobuvirus-positive fecal samples were inocu-
lated into Vero cells. 

Porcine kobuvirus RNA was detected in 32 (53.3%) 
of the 60 fecal samples and 16 (26.6%) of the 60 serum 
samples collected in November 2008 (Table 1). Porcine 
kobuvirus was found in at least 1 fecal sample from each 
age group; from serum samples, viral RNA was detected in 
1 sample from the 10-day group, 7 samples from the 3–4-
week group, and 8 samples from the 6-month group. Por-
cine kobuvirus was identifi ed in 9 sample pairs (feces and 
serum) collected at the same time. Only the serum or fecal 
samples were kobuvirus positive, for 7 and 23 animals, re-
spectively. The 173-nt sequences of kobuvirus 3D region 
were genetically identical in all serum and fecal samples 
collected in 2007 and 2008. 

The complete genetic sequence of strain kobuvirus/
swine/K-30-HUN/2008/Hungary, detected in a fecal speci-
men from a 3–4-week-old pig in 2008, was determined and 
compared with the prototype strain kobuvirus/swine/S-1-
HUN/2007/Hungary (Table 2). In the nonstructural 2A-3D 
regions, 74 (1.7%; 1.14%–2.43% between 3D and 3C) nu-
cleotide substitutions could be detected between the proto-
type strains collected in 2007 (S-1-HUN) and 2008 (K-30-
HUN), which led to 13 (0.9%) nonsynonymous amino acid 
changes (2, 2, 5, 2, and 2 aa in the 2A, 2B, 2C, 3C, and 3D 
regions). In structural regions, 36 (1.42%) nt substitutions 
were detected, leading to 6 (0.71%) nonsynonymous amino 
acid changes (3–3 aa in VP0 and VP3 regions). The highest 
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Evolution of Porcine Kobuvirus Infection, Hungary

and the lowest rates of nucleotide mutations were seen in 
coding regions, L and 3D, respectively (Table 2). For ami-
no acid levels, the highest changes in percentage within the 
21-month period were found in 2C (1.49%), 2A (1.47%), 
and VP3 (1.34%) (Table 2). No amino acid changes were 
detected in regions VP1, 3A, and 3B. No cytopathic effect 
was seen in Vero cells after serial passages.

Conclusions
We report the endemic circulation and natural inter-

host evolution of porcine kobuvirus among domestic pigs 
on a pig farm within a 21-month period. This follow-up 
study indicates that domestic pigs are generally infected 
with porcine kobuvirus. It is likely that porcine kobuvirus 
is not restricted geographically and is widely distributed on 
pig farms worldwide. According to a veterinarian’s clinical 
report, no clinical signs were associated with the endemic 
kobuvirus infection. In this closed-animal community, the 
susceptible young host generations were continuously in-

fected; the length of the cycle interval when the virus is out-
side the host (nonreplicative viral form) is probably short. 
However, the number of nucleotide changes is consistent 
with rates observed for other picornaviruses (13–15), sug-
gesting good adaptation of the virus–host relationship. This 
adaptation is also supported by the level of the nucleotide 
changes in different gene regions. More nucleotide muta-
tions were found in nonstructural than in structural regions, 
which leads to a nearly equal probability for nonsynony-
mous amino acid changes in these 2 regions. 

No available data confi rm transmission mode, trans-
mission effi ciency, and pathogenesis of kobuviruses. Aichi 
virus has been reported to be shed in feces and maybe trans-
mitted by food (especially seafood) in humans (2,5,7), sug-
gesting fecal–oral transmission. However, in the pigs, viral 
RNA or infectious kobuvirus particles were also present 
in serum of virus-infected pigs. This fi nding suggests that 
porcine kobuvirus (and possibly kobuviruses in general) 
escaped the gastrointestinal tract into the circulatory sys-
tem in immunocompetent virus-infected hosts, resulting in 
viremia. Further study is needed to investigate whether the 
viremia was acquired passively or actively. In addition to 
direct fecal–oral transmission, the possibility of kobuvirus 
transmission through breast-feeding (milk) and of blood-
borne, foodborne, and zoonotic infections remains.

Similar explanations for the pathogenesis of many pi-
cornaviruses exist. Escape from the gastrointestinal tract 
into the bloodstream was probably the situation for the bo-
vine kobuvirus detected in culture medium supplemented 
with cattle serum (3), which was suspected of possibly 
being contaminated with feces containing bovine kobuvi-
ruses. Porcine kobuvirus viremia open these data to another 
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Table 2. Natural interhost in vivo mutation changes in sequences of 2 porcine kobuvirus strains, Hungary* 

Region 
Nucleotides Amino acids 

Length  Difference % Difference Length Difference % Difference 
5′  UTR 576 1 0.17 – – – 
L 585 15 2.56 195 1 0.51 
VP0 1,098 19 1.73 366 3 0.82 
VP3 669 8 1.19 223 3 1.34 
VP1 762 9 1.18 254 0 0 
2A 408 6 1.47 136 2 1.47 
2B 585 7 1.19 195 2 1.02 
2C 1,005 23 2.28 335 5 1.49 
3A 270 6 2.22 90 0 0 
3B 102 2 1.96 34 0 0 
3C 576 14 2.43 192 2 1.04 
3D 1,407 16 1.14 469 2 0.42 
3′  UTR 167 1 0.6 – – – 
Nonstructural† 4,353 74 1.7 1,451 13 0.89 
Structural‡ 2,529 36 1.42 843 6 0.71 
Complete genome 8,210 127 1.54 2,489 20 0.80 
*Strain length shown is for kobuvirus/swine/K-30-HUN/2008/Hungary (accession no. GQ249161) and is compared with prototype strain 
kobuvirus/swine/S-1-HUN/2007/Hungary (length not shown; accession no. EU787450), from samples collected from pigs on the same farm, November 
2008 and February 2007 respectively. UTR, untranslated region; L, leader region. 
†2A-3D. 
‡VP0–VP1. 

Table 1. Incidence of porcine kobuvirus RNA in samples from 
domestic pigs, Hungary*  

Pig age

Specimen, by date 
2007 Feb 2008 Nov 

Feces Feces Serum 
<10 d 15 (100) 8 (53.3) 1 (6.7) 
<3–4 wk 14 (93.3) 13 (86.7) 7 (46.7) 
<3 mo 3 (20) 5 (33.3) 0
<6 mo 7 (46.7) 6 (40) 8 (53.3) 
Total 39/60 (65) 32/60 (53.3) 16/60 (26.6) 
*Values are no. (%) or no. positive/no. tested (%). All animals were on the 
same farm. For each type of sample and age group, 15 specimens were 
tested. In November 2008, specimens (feces and serum) were collected  
in pairs from the same animals. 



interpretation for bovine kobuvirus infections and for Aichi 
virus pathogenesis in humans. Aichi virus was identifi ed 
in low incidence in fecal samples from humans with gas-
troenteritis, but seroprevalence was high (6,7). Knowledge 
about viremia and natural virus evolution is crucial for un-
derstanding the pathogenesis, transmission, immunology, 
and clinical manifestations of kobuvirus infection in gen-
eral and especially in humans.
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Infl uenza Virus 
Transmission from 

Horses to Dogs, 
Australia

Peter D. Kirkland, Deborah S. Finlaison, 
Ellie Crispe, and Aeron C. Hurt

During the 2007 equine infl uenza outbreak in Australia, 
respiratory disease in dogs in close contact with infected 
horses was noted; infl uenza (H3N8) virus infection was 
confi rmed. Nucleotide sequence of the virus from dogs was 
identical to that from horses. No evidence of dog-to-dog 
transmission or virus persistence in dogs was found.

Respiratory disease in dogs caused by type A infl uenza 
virus was fi rst noted in racing greyhounds in Florida 

in January 2004 (1). This subtype H3N8 virus has a pre-
sumptive but unidentifi ed equine origin. The geographic 
extent of infection in racing greyhounds and in pet dogs 
suggest that this virus has become enzootic to the United 
States (1,2). 

In the United Kingdom, pneumonia in dogs and infl u-
enza (H3N8) virus have been retrospectively linked,  and 
subtype H3N8 infections have been identifi ed serologically 
in dogs likely to have been in close contact with horses 
during the 2003 outbreak of equine infl uenza (3,4). A 78-
bp segment of the hemagglutinin (HA) gene identifi ed in 
dogs with pneumonia had complete homology with local 
equine strains (3). Unlike the situation in the United States, 
no evidence of continuing circulation of an infl uenza virus 
of equine origin in the canine population has been found in 
the United Kingdom.

 In Australia, in late 2007, an outbreak of equine 
infl uenza virus (EIV) infection occurred in horses. Dur-
ing this outbreak, respiratory disease was noted in dogs 
of various ages and breeds that were kept near infected 
horses. Investigations were undertaken to exclude infl u-
enza virus infection.

The Study
The fi rst reported case was in a dog near a large sta-

ble; the dog became inappetant and lethargic and had had 
a slight nasal discharge and a persistent cough for several 
days. Over the next 2–3 weeks, dogs in or near stables with 
infected horses, including dogs whose owners were han-
dling infected horses or dogs (n = 6) that were only housed 
with infected dogs, were examined. Samples were also 
collected from dogs kept with horses at 5 other locations 
20–60 km from the fi rst case. Of the 40 dogs, examined, 10 
had clinical signs consistent with infl uenza (anorexia, leth-
argy, and, for some, a harsh cough that persisted for several 
weeks). All affected dogs recovered.

Nasal swabs and serum were collected from each of 
the 40 dogs; 23 were seropositive according to infl uenza 
type A blocking ELISA (5) and hemagglutinin inhibition 
(HI) assay (5) using A/equine/Sydney/2007 virus as anti-
gen (Table). HI titers were 16–256 (geometric mean 122). 
Results were discordant for 5 dogs: for 2, HI titer was high 
but ELISA results were negative; for 3, ELISA results were 
positive but HI titer was negative. These discrepancies may 
have been resolved had later sampling been possible. Con-
valescent-phase serum samples were collected 14–16 days 
later from 26 of the dogs; seroconversion was noted for 4 
of the 5 dogs with discordant ELISA and HI results. Test-
ing of 19 dogs 2 years later showed no change in HI titer, 
although ELISA results were negative for each. Each sero-
positive dog had been in close proximity to EIV-infected 
horses but not always in direct contact. No evidence of 
lateral transmission was found for dogs that did not have 
contact with horses.

Nasal swabs from 1 clinically healthy dog had a posi-
tive result in an infl uenza A real-time reverse transcription–
PCR assay (5) on 2 consecutive days. The dog remained 
clinically healthy and was seropositive (titer 64) on day 16 
after the fi rst positive swab was collected. Attempts to iso-
late virus from these swabs were unsuccessful.

Nucleic acid sequencing was conducted for the HA, 
neuraminidase (NA), and matrix (M) genes amplifi ed 
by PCR from the RNA purifi ed from 2 samples from 
this dog (A/canine/Sydney/6525/2007 and A/canine/
Sydney/6692/2007) and from a nasal swab from an infect-
ed horse (A/equine/Sydney/6085/2007) in the same stable 
(GenBank accession nos. GU045761–GU045769). Se-
quences were aligned with representative sequences from 
GenBank by using Clustal W (www.clustal.org/) before 
phylogenetic trees with bootstrapping were generated (n = 
1,000; random seed n = 111) with MegAlign (Lasergene; 
DNAStar, Madison, WI, USA). Complete nucleotide ho-
mology was found for each of the HA, NA, and M gene se-
quences from the 2 dogs and the sequence from the infected 
horse in the same stable (A/equine/Sydney/6085/2007).

When infl uenza subtype H3N8 sequences from hors-
es and dogs were compared with other subtype H3N8 
sequences in GenBank, the HA, NA, and M sequences 
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were most similar to strains A/equine/Kanazawa/1/2007 
and A/equine/Ibaraki/1/2007, which were isolated during 
the 2007 equine infl uenza outbreak in Japan (Figure). The 
HA, NA, and M gene sequences from the dogs in Austra-
lia were positioned on separate clades of the phylogenetic 
trees, as opposed to those from subtype H3N8 viruses 

from dogs in the United States, which all grouped closely 
together (Figure).

Conclusions
Researchers in Japan have described transmission of 

EIV from 3 experimentally infected horses to 3 dogs indi-
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Table. Clinical signs and serologic findings for 40 dogs exposed to equine influenza virus, Australia, October 2007* 

Dog Breed Age/sex Clinical signs 

Day of sample 
collection 

PCR

Titer 
ELISA HI assay 

1st 2nd 1st 2nd 3rd† 1st 2nd 3rd†
1 Cattle dog x 6 mo/F Cough 5 NS Neg 70 NA NA 64 NA NA
2 Whippet 6 mo/F Cough, inappetance, lethargy, 

nasal discharge 
5 25 Neg 79 69 Neg 128 128 128

3 Rottweiler UK Cough, lethargy 10 25 Neg Neg 65 Neg Neg Neg Neg
4 Dalmation 3 y/MN Cough, inappetance, lethargy 11 NS Neg 74 NA NA 64 NA NA
5 Kelpi x 9.5 y/FN Cough, lethargy 12 26 Neg 66 74 NA 64 128 NA
6 Border collie 5 y/MN Inappetance, lethargy 13 27 Neg 60 75 Neg 64 32 64
7 Cattle dog 4.5 y/M Cough, lethargy 13 27 Neg 64 57 Neg 256 128 128
8 German 

shepherd 
9 y/M Inappetance, lethargy 14 30 Neg Neg Neg NA Neg Neg NA

9 Jack Russell 9 y/MN Cough 14 30 Neg Neg 65 NA Neg Neg NA
10 Lowchen 2 y/MN Cough, inappetance, lethargy, 

nasal discharge 
26 NS Neg Neg NA Neg Neg NA Neg

11 Cattle dog x 18 mo/F None 10 26 Neg 77 75 NA 64 64 NA
12 Fox terrier x 

poodle
15 y/FN None; lived with dog 4 11 NS Neg Neg Neg NA Neg Neg NA

13 Kelpie x 4 y/MN None 12 26 Neg 64 71 Neg 128 64 128
14 German 

shepherd 
1.5 y/MN None 12 26 Neg 71 67 Neg 128 64 64

15 Kelpie x 
labrador 

10 y/FN None 12 26 Neg 71 80 Neg 256 32 Neg

16 Cattle x kelpie 3 y/MN None 12 27 Neg 64 61 Neg 128 32 64
17 Unknown UK None 12 27 Neg 66 66 Neg 256 64 32
18 Border collie 1 y/M None 12 27 Neg 78 59 Neg 128 64 128
19 Jack Russell x 2.5 y/MN None 12 26 Neg 49 71 NA 32 16 NA
20 Greyhound 18 mo/F None 12 26 Neg Neg Neg NA 256 128 NA
21 Greyhound 2 y. M None 12 26 Neg Neg 55 NA Neg Neg NA
22 Greyhound 5 y/M None 12 25 Neg Neg Neg NA Neg Neg NA
23 Greyhound 18 mo/F None 12 25 Neg Neg Neg NA Neg Neg NA
24 Greyhound 18 m/F None 12 25 Neg Neg Neg NA Neg Neg NA
25 Cattle x kelpie 4 y/FN None 12 26 Neg 51 73 Neg 128 64 64
26 Poodle 5 mo/M None, lived with dog 7 13 27 Neg Neg Neg Neg 8 Neg Neg
27 Jack Russell 5 y/F None, lived with dog 5 13 27 Neg Neg Neg NA Neg Neg NA
28 Cattle x 

hunterway 
4.5 y/M None 14 30 Pos Neg 50 NA Neg 64 NA

29 Border collie 4 y/FN None 15 NS Neg Neg NA NA Neg NA NA
30 Cattle 13 y/MN None 15 NS Neg Neg NA NA >32 NA NA
31 Jack Russell UK None 15 NS Neg 76 NA NA 64 NA NA
32 Rottweiler UK None 15 NS Neg 76 NA Inc 128 NA 128
33 Fox terrier 4 y/MN None 15 NS Neg 78 NA NA 32 NA NA
34 Labrador 13 y/FN None 15 NS Neg 51 NA NA 64 NA NA
35 x UK None 18 NS Neg Neg NA Neg Neg NA Neg
36    x UK None 18 NS Neg 73 NA Neg 64 NA 64
37 x UK None 18 NS Neg Neg NA Neg Neg NA Neg
38 x UK None 18 NS Neg Neg NA NA Neg NA NA
39 x UK None 18 NS Neg 67 NA Neg 256 NA 128
40 Poodle x 9 y/UK None, lived with dog 10 26 NS Neg Neg NA Neg Neg NA Neg
*HI, hemagglutination inhibition; x, cross-breed; NS, not sampled; neg, negative; NA, not applicable; pos, positive; UK, unknown; MN, male neutered; FN, 
female neutered. 
†Samples collected 2 y after second sample. 



Infl uenza Transmission from Horses to Dogs

vidually housed with each horse (6). Their fi ndings were 
mostly consistent with ours, but there were some differ-
ences. Both studies showed direct linkage between active 
infl uenza virus infection in dogs and horses. Because some 
naturally infected dogs were only in the vicinity of stables 
and not in direct contact with horses, we believe that EIV 
may be readily transmitted from horses to dogs in close 
proximity. The mechanism of spread remains unclear, al-
though in the United Kingdom aerosol transmission was 
believed to be a major means of spread to dogs (4). Studies 
conducted during the equine infl uenza outbreak in Australia 
indicate that the levels of virus excretion from horses not 
previously exposed to the virus can be extremely high (A.J. 
Read et al., unpub. data). Although humans readily spread 
virus from horse to horse, either directly during handling or 
by fomite transmission, human transmission of EIV to dogs 
that were not in the immediate vicinity of infected horses 
was not found. Similarly, dog-to-dog transmission was not 
found when infected dogs were transported and kept with 
other dogs in urban locations where there was no opportu-
nity for contact with horses.

Although clinical signs were not observed for any of 
the dogs in Japan, >35% of the naturally infected dogs in 
Australia exhibited clinical signs, some quite severe and 
protracted. Nevertheless, virus was rarely detected in na-
sal secretions of the dogs in Australia, and there was no 
evidence of horizontal transmission to other dogs. The lack 
of clinical signs in experimentally infected dogs may be 
because of the small numbers of dogs or because of in-

oculum attenuation after passage in embryonated chicken 
eggs. That the experimentally infected dogs in Japan also 
had lower HI titers than did naturally infected dogs may be 
relevant. 

Finally, when 19 of the dogs in Australia were tested 
2 years after infection and without opportunity for reexpo-
sure, with only 1 exception, the HI antibody titers had not 
changed. This fi nding supports the interpretation that anti-
bodies detected in dogs in the United Kingdom (3,4) had 
been acquired during the equine infl uenza outbreak several 
years earlier.

The nucleotide gene sequences encoding the 2 sur-
face proteins (HA and NA) and the M protein from the in-
fected dog in Australia matched those from the horse with 
which it had contact and did not have any of the nucleotide 
changes that have been identifi ed in viruses from dogs in 
the United States (2). Such changes may be critical to, or 
a consequence of, the adaptation of EIVs to dogs and may 
play a role in enhancing the infectivity of these viruses for 
dogs because there is no evidence of continuing circulation 
of virus in dogs in Australia.
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Figure. Phylogenetic trees of infl uenza subtype H3N8 viruses. Phylogenetic analyses conducted on A) hemagglutinin genes, B) 
neuraminidase genes, and C) matrix genes. Sequences from dogs are from the same animal on successive days. Boldface indicates 
viruses identifi ed in dogs and horses in Australia, 2007, asterisks (*) indicate viruses from horses in Japan, and daggers (†) indicate 
viruses from dogs in the United States. Bootstrap values >50 are indicated at branch nodes. Bootstrap trials = 1,000; seed = 111.
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To determine susceptibility of chickens, turkeys, and 
mice to pandemic (H1N1) 2009 virus, we conducted contact 
exposure and inoculation experiments. We demonstrated 
that chickens were refractory to infection. However, oculo-
oronasally inoculated turkeys and intranasally inoculated 
mice seroconverted without clinical signs of infection.

The current outbreak of pandemic (H1N1) 2009 contin-
ues to expand in humans, with occasional spillover into 

domestic pigs. Pandemic (H1N1) 2009 virus causes only 
mild disease compared with pandemic infl uenza viruses 
from the 20th century. However, this characteristic might 
change if pandemic (H1N1) 2009 viruses acquire virulence 
markers by reassorting with infl uenza viruses that cause se-
vere disease in humans, such as highly pathogenic avian 
infl uenza viruses (HPAIVs) of the H5N1 subtype. Such re-
assortment might occur in humans but appears more likely 
in so-called mixing vessels. Pigs, which had been described 
as potential mixing vessels (1), are highly susceptible to 
infection with pandemic (H1N1) 2009 virus (2,3). In ad-
dition, pigs have been infected subclinically by HPAIV 
(H5N1) in countries to which HPAIV (H5N1) is endemic 
(4). However, whether poultry can be infected with pan-
demic (H1N1) 2009 virus is not well understood. There-
fore, we determined the susceptibility of chickens, turkeys, 
and mice to pandemic (H1N1) 2009 virus.

The Study
All animal experiments were reviewed and approved 

by the responsible state ethics committee (LALLF M-V/
TSD/7221.3–2.1.-014/09). Five chickens (12 weeks of age, 
specifi c pathogen–free [spf]) were inoculated oculo-orona-
sally by dripping a 106 50% tissue culture infectious dose 

(TCID50) of virus A/Regensburg/D6/09/H1N1 on the cor-
nea, nares, and oropharynx. Ten chickens (3 months of age, 
spf) were inoculated intravenously with 104 TCID50. Five 
chickens (15 weeks of age, spf) were housed (permanent 
contact behind bars and daily direct contact for 30 min) 
with pigs infected with pandemic (H1N1) 2009 virus (3).

A second transmission experiment was performed 
with the same contact exposure experimental setup, which 
included 8 infected pigs and 5 turkeys (4 weeks of age). 
In addition, 28 chickens (1 week of age) and 28 turkeys (1 
week of age) were inoculated with 200 μL of virus suspen-
sion (106 TCID50) directly into the left air sac. Six fattening 
turkeys (16 weeks of age) from a local fl ock were inocu-
lated oculo-oronasally with 106 TCID50 of A/Regensburg/
D6/09 (H1N1) virus. Six fattening turkeys were inoculated 
oculo-oronasally with 108 TCID50 of the more recently 
isolated pandemic (H1N1) 2009 A/Bayern/74/2009 virus. 
Cloacal and oropharyngeal swab samples from poultry in-
fected oculo-oronasally, through the air sac, or by contact 
with pigs were collected daily. Samples were tested by 
using a real-time reverse transcription–PCR with subtype 
H1N1–specifi c primers (http://offl u.net) (Table).

Additional studies were conducted to determine the 
50% lethal dose of strain A/Regensburg/D6/2009 pan-
demic (H1N1) 2009 virus for mice. Sixteen BALB/c mice 
(6 weeks of age) were inoculated intranasally with 102–105 
TCID50/animal (30 μL), and 4 mice were inoculated intrap-
eritoneally with 105 TCID50/animal (30 μL).

None of the inoculated animals became ill after infec-
tion by any tested route; the intravenous pathogenicity in-
dex of the virus for chickens was 0. All swab samples from 
poultry after contact with infected pigs or from poultry in-
oculated through the air sac were negative for virus (Table). 
Virus excretion by pigs was detected (3); real-time reverse 
transcription–PCR cycle threshold values >26 (contact ex-
periment with chickens) or >17 (contact experiment with 
turkeys). Virus RNA was detected (cycle threshold values 
27–39) in swab samples obtained 1–6 days postinoculation 
from the oropharynx of turkeys inoculated with 108 TCID50 
of the A/Bayern/74/2009 (H1N1) strain. Small amounts of 
virus RNA also were detected in the lung and left air sac 
from a few chicks and poults early after infection through 
the air sac (Table), which most likely represent residual in-
oculum. Although contact exposure pigs were infected (3), 
seroconversion was not detected in any of the tested contact 
exposure poultry species. Poultry inoculated intravenously 
or through the air sac and chickens inoculated oculo-orona-
sally were negative for antibodies against infl uenza A virus 
nucleoprotein.

Fattening turkeys seroconverted after oculo-oronasal 
inoculation with 106 TCID50 or 108 TCID50 (Table). In addi-
tion, 7 of 8 mice inoculated with 104 TCID50 or 105 TCID50 
by the oculo-oronasal route seroconverted; 4 mice inocu-
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lated with 105 TCID50 by the intraperitoneal route showed 
no detectable antibody response to the virus (Table).

Conclusions
Our results demonstrate lack of susceptibility of chick-

ens and minor susceptibility of turkeys for infection by 
pandemic (H1N1) 2009 virus. Transmission of swine in-
fl uenza viruses to poultry, particularly to turkeys, has been 
demonstrated (5), and experimental infection of chickens 
with virus subtype H3N2 resulted in a low replication rate, 
primarily in the alimentary tract (6). In contrast, our data 
indicate that pandemic (H1N1) 2009 virus cannot produc-
tively infect chickens at the ages of 1 week (air sac inocula-
tion), 12 weeks (contact exposure, intravenous inoculation), 
or 15 weeks (oculo-oronasal inoculation), or turkeys at the 
ages of 1 week (air-sac inoculation) and 4 weeks (contact 
exposure) because neither virus excretion nor seroconver-
sion was observed during the 10-day observation period. 
Fattening turkeys from a local fl ock seroconverted after 
oculo-oronasal inoculation, but virus RNA was detected in 
respiratory samples only in turkeys inoculated with a high 
dose of the A/Bayern/74/2009 (H1N1) virus (Table).

On the basis of our experiments, risk for transmission 
of pandemic (H1N1) 2009 virus strain to chicken and tur-
keys and subsequent possible reassortment with other avian 
infl uenza viruses should be low. However, we observed a 
slightly higher susceptibility of older turkeys to high doses 
of pandemic (H1N1) 2009 virus, which is consistent with 
recent reports of infected layer turkey fl ocks in Chile and 
Canada (7,8). Analysis of specifi c virus strains involved 

in these outbreaks would be useful for confi rming these 
observations and analyzing different strains. Host factors 
(age, physiologic state, stress levels, and concurrent infec-
tions) infl uencing susceptibility of turkeys should be inves-
tigated. Our data, which demonstrate absence of illness in 
poultry after inoculation with pandemic (H1N1) 2009 vi-
rus, are consistent with those of recent experimental infec-
tions of poultry, including turkeys (9–11). Seroconversion 
was detected only in turkeys by using a hemagglutination-
inhibition test in 1 study (9), which might indicate higher 
sensitivity of competitive ELISAs used in our study.

As in other studies (12,13), characterization of pan-
demic (H1N1) 2009 virus strains in BALB/c mice showed 
differences in lethal dose and clinical signs dependent on 
the virus strain. None of the infected BALB/c mice in our 
study showed clinical signs. These fi ndings may have re-
sulted from the fact that mice were infected intranasally 
without anesthesia and with a dose <106 TCID50/animal or 
because of a different phenotype of the virus strain used. 
However, replication competence of pandemic (H1N1) 
2009 virus in mice without prior adaptation was indicated 
by seroconversion, at least for the higher infectious doses 
(Table). Intraperitoneal inoculation did not cause develop-
ment of infl uenza virus–specifi c antibodies. This fi nding 
cannot be explained by receptor specifi city of pandemic 
(H1N1) 2009 virus because Childs et al. (14) showed that 
representative pandemic (H1N1) 2009 viruses bound not 
only to most α2–6-linked sialyl moieties, irrespective of the 
backbone chain length and type, but also to a considerable 
range of α2–3-linked sialyl residues. Although virus rep-
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Table. Susceptibility of chicken, turkeys, and mice to pandemic (H1N1) 2009 virus* 

Animal and dose (virus 
strain) 

No.
animals Route of inoculation Swab samples

Tissue samples,  
no. positive/no. tested† 

Seroconversion
in NP-ELISA

(no. positive/no. tested)‡ 
Chicken 5 Oculo-oronasal – NA –
Chick 28 Intra–air sac – Day 2: 2/3; Day 4: 2/3; 

Day  8: 1/3 
–

Chicken 10 Intravenous NA NA –
Chicken 5 Contact with infected pigs – NA –
Turkey, 106 TCID50
(A/Regensburg/D6/2009) 

6 Oculo-oronasal – NA + (3/6) 

Turkey, 108 TCID50
(A/Bayern/74/2009) 

6 Oculo-oronasal + (respiratory), 
– (cloacal) 

NA + (4/6) 

Poult 28 Intra–air sac – Day 2: 3/3; Day 4: 1/3; 
Day 6: 1/3 

–

Turkey 5 Contact with infected pigs – NA –
Mouse, 102–103 TCID50 8 Oculo-oronasal NA NA –
Mouse, 104 TCID50 4 Oculo-oronasal NA NA + (3/4) 
Mouse, 105 TCID50 4 Oculo-oronasal NA NA + (4/4) 
Mouse, 105 TCID50 4 Intraperitoneal NA NA –
*NP, nucleoprotein; –, negative; NA, not applicable; +, positive; TCID50, 50% tissue culture infectious dose. 
†Three juvenile chickens and turkeys inoculated through the air sac were killed on days 0, 2, 4, 6, 8, and 14 posinoculation, and left and right lung lobes 
were removed for analysis by real-time reverse transcription–PCR. Tissues from the left (inoculation site) lung lobe of 5 chicks and 4 poults killed at the 
indicated days postinfection were positive for virus RNA with high cycle threshold values (>35), and 1 additional poult was positive for virus RNA with a 
cycle threshold value of 27 on day 2 postinfection. 
‡Seroconversion was verified by testing for antibodies against virus NP by commercially available ELISAs (ELISA Avian Influenza Type A; Pourquier, 
Montpellier, France, and FlockChek AI MultiS-Screen; IDEXX, Ludwigsburg, Germany). 
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lication may be reduced after intraperitoneal inoculation, 
development of neutralizing antibodies after inoculation by 
this route has been reported (15).

Our results demonstrate lack of susceptibility and ab-
sence of serologic responses of chickens and turkeys to 
contact infection with an early human-origin isolate of pan-
demic (H1N1) 2009 virus. However, direct inoculation of 
fattening turkeys resulted in seroconversion and detection 
of virus RNA in oropharyngeal swab samples. Generation 
of new variants and reassortants caused by double infec-
tions with other infl uenza A viruses and pandemic (H1N1) 
2009 virus in poultry other than turkeys appears unlikely. 
However, further adaptation of pandemic (H1N1) virus 
strains in turkeys cannot be excluded.
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Pandemic (H1N1) 
2009 Infection 

in Swine Herds, 
Manitoba, Canada

Tim Pasma and Tomy Joseph

In Manitoba, Canada, several swine herds were infect-
ed by pandemic (H1N1) 2009 virus in the summer of 2009. 
Results of several investigations concluded that outbreaks 
of infection with this virus are similar in duration to out-
breaks of infections with swine infl uenza viruses A (H1N1) 
and A (H3N2).

On April 21, 2009, the US Centers for Disease Con-
trol and Prevention announced the fi nding of a novel 

strain of infl uenza virus A (H1N1), now known as pandem-
ic (H1N1) 2009 virus, in 2 children in southern California 
(1). By June 11, this virus had spread so quickly and exten-
sively among humans that the World Health Organization 
declared a phase 6 pandemic (2). The disease in humans 
is a self-limiting, uncomplicated respiratory illness with 
fever; however, severe disease and deaths have occurred 
(3). Clinical signs in humans are generally mild and include 
fever, slight cough, sneezing, and nasal discharge. Vomit-
ing and diarrhea also have been reported in up to 38% of 
cases (3).

Pandemic (H1N1) 2009 virus also has affected swine. 
On May 2, 2009, the virus was isolated from a swine herd 
in Alberta, Canada (4). The disease in swine has been re-
ported as mild in fi eld and experimental conditions. Clini-
cal signs in pigs include fever, slight cough, sneezing, and 
nasal discharge. Diarrhea was also reported in experimen-
tally infected pigs; however, this symptom may have been 
secondary to the infl uenza infection (5). In experimental 
infection of pigs, clinical signs peaked on days 4–5 post-
infection (5).

In Manitoba, Canada, pandemic (H1N1) 2009 virus 
was fi rst detected in a swine herd on June 30, 2009. During 
the following months, more outbreaks in Manitoba were re-
ported in farrowing, nursery, and fi nishing herds. Our study 
aimed to determine the length of time that virus was shed 
in swine herds after a fi eld outbreak of pandemic (H1N1) 
2009.

The Study
We studied 5 herds in which pandemic (H1N1) 2009 

was diagnosed. We collected information about the pro-
duction type and number of animals housed in the barn, 
infl uenza vaccination status of the herd, date of infl uenza-
like illness in any barn employees before the outbreak, date 
of the outbreak as determined by onset of clinical signs, 
and sampling date and number of positive swabs. In each 
herd, 32 nasal swabs were taken from randomly selected 
pigs as soon as possible after diagnosis. The procedure was 
repeated every 7 days until all the samples tested showed 
negative results.

Nasal swabbing was performed by using a polyester 
swab with a plastic handle that was placed in a viral trans-
port medium (Starswab Multitrans Collection & Trans-
port System; Starplex Scientifi c Inc, Etobicoke, Ontario, 
Canada). The swabs were refrigerated and submitted to 
the Veterinary Services Diagnostic Laboratory at Mani-
toba Agriculture, Food and Rural Initiatives (Winnipeg, 
Manitoba, Canada). Samples were tested by using a ge-
neric real-time PCR specifi c for the genomic RNA seg-
ment 7 (matrix gene) of the infl uenza A virus provided 
by the National Centre for Foreign Animal Disease (Win-
nipeg, Manitoba, Canada) (3) and an H1 differential PCR 
(6) provided by the National Microbiology Laboratory 
(Winnipeg, Manitoba, Canada).

We tested 5 herds (herds A–E) in which pandemic 
(H1N1) 2009 virus was diagnosed (Table). Herds A, B, 
and D were fi nishing herds, herd C was a nursery herd, and 
herd E was a farrowing herd. Herd sizes ranged from 850 
to 4,100 pigs. For herds C and D, human illness 16–92 days 
before the outbreak was reported. The owners of herds A 
and B reported that they received pigs from a previously 
infected herd. For persons in contact with herd E, no ill 
persons were reported, and no pigs from previously affect-
ed herds were received before the outbreak. Pigs in herd E 
were vaccinated for swine infl uenza A (H1N1) and (H3N2) 
viruses with an autogenous vaccine.

Clinical signs in pigs were reported to be mild, with 
no deaths. However, herd D, co-infected with porcine re-
productive and respiratory syndrome virus, Mycoplasma 
hyopneumoniae, and porcine circovirus, reported a 1% out-
break-associated death rate. No vomiting or diarrhea was 
reported in any pigs infected with the virus.

Nasal swabbing of the pigs demonstrated that pan-
demic (H1N1) 2009 virus was no longer detected in swine 
10–20 days after clinical signs appeared. When tested again 
the week before slaughter (day 67), herd B showed no evi-
dence of virus shedding.

Conclusions
We demonstrated that fi eld infections of pandemic 

(H1N1) 2009 in swine are similar in duration to infec-
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tions with other swine infl uenza viruses. In the herds stud-
ied, the virus caused mild illness identical to the clinical 
signs typical of swine infl uenza (7). Sampling by nasal 
swab indicated that pandemic (H1N1) 2009 virus sheds 
for up to 20 days after clinical signs appear. Our fi ndings 
support the laboratory work of Lange et al., who estab-
lished that pigs experimentally infected with this strain 
intermittently shed the virus 6–11 days postinfection and 
ceased excretion by day 11 (5). Shedding of the circu-
lating strains of swine infl uenza in nasal secretions stops 
by 5–7 days postinfection (7–9). Our study also indicates 
that autogenous vaccine prepared with circulating H1N1 
subtype may not protect pigs from pandemic (H1N1) 
2009 infection.

Our study has several limitations. Other swine viruses, 
such as porcine reproductive and respiratory syndrome 
virus, may interfere with the detection of swine infl uenza 
viruses from nasal swabs (8), and we did not test for other 
viruses. In addition, the virus can be diffi cult to diagnose in 
nursery pigs because of maternal antibodies and low levels 
of exposure (8), which may have affected the samples from 
the nursery herd. The small sample size and the unknown 
sensitivity of the PCR in this specifi c application also limit 
the fi ndings of our study.

The swine herds we studied quickly cleared the virus 
after infection. This study supports the recommendations 
developed by the Canadian Food Inspection Agency (10) 
and the World Organisation for Animal Health (OIE) (11). 
These guidelines state that pigs infected with pandemic 
(H1N1) 2009 virus should be managed similarly to herds 
infected with any swine infl uenza virus. On the basis of our 
study fi ndings, restrictions of trade or slaughter of pigs as a 
public health intervention are irrational actions.

Only 10 countries have reported pandemic (H1N1) 
2009 infection in commercial swine to the OIE (12). Wheth-
er pandemic (H1N1) 2009 will become established in swine 
populations worldwide remains to be seen. All countries 
should implement vigilant surveillance for, and monitor for 
changes in the structure and behavior of, the virus.
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Table. Findings from study of 5 tested swine herds in which pandemic (H1N1) 2009 was diagnosed, Manitoba, Canada, 2009 
Herd Type/size Vaccine Human illness Sample 1 Sample 2 Sample 3 
A Finishing, 2,080 None No (animal spread) Day 20, 0/32 

positive 
B Finishing, 3,872 None No (animal spread) Day 5, 3/32 

positive 
Day 19, 0/32 

positive 
Day 67, 0/31 

positive 
C Nursery, 4,100 None Day –16, manager and 

family sick 
Day 19, 0/32 

positive 
D Finishing, 850 None Day –92, manager and 

family sick 
Day 10, 0/32 

positive 
E Farrowing, 3,100 Subtypes H1N1 and 

H3N2 (autogenous) 
None reported Day 10, 7/32 

positive 
Day 17, 0/32 

positive 
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12.  World Organisation for Animal Health. WAHID interface. Weekly 
disease information [cited 2009 Dec 3]. http://www.oie.int/wahis/
public.php?page=weekly_report_index&admin=0

Address for correspondence: Tim Pasma, Chief Veterinary Offi ce/
Food Safety Knowledge Centre, Manitoba Agriculture, Food and Rural 
Initiatives, 545 University Crescent, Winnipeg, Manitoba R3T 5S6, 
Canada; email: tim.pasma@gov.mb.ca

DISPATCHES

708 Emerging Infectious Diseases • www.cdc.gov/eid • Vol. 16, No. 4, April 2010



Pandemic (H1N1) 
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Pandemic (H1N1) 2009 virus was detected in breeding 
turkeys on 2 farms in Valparaiso, Chile. Infection was asso-
ciated with measurable declines in egg production and shell 
quality. Although the source of infection is not yet known, 
the outbreak was controlled, and the virus was eliminated 
from the birds.

Infl uenza A pandemic (H1N1) 2009 virus is a novel high-
ly transmissible agent that contains a unique combination 

of gene segments from different swine lineages (1); it has 
circulated in humans since April 2009 (2). First detected in 
North America, the virus was disseminated worldwide in 
just a few weeks, prompting the World Health Organiza-
tion to raise its global health alert to the pandemic stage 
(2,3).

By December 2009, a total of 14 countries had report-
ed that the pandemic strain was infecting swine, generating 
concern about the role of other susceptible species in the 
viral epidemiology. Fortunately, only a mild respiratory 
disease developed in the ill swine, and outbreaks were con-
trolled with biosafety measures, avoiding dissemination to 
humans and animals (4). In Chile, the fi rst case of human 
infection with the pandemic strain was confi rmed on May 
17, 2009; infection increased within 6 months to a total of 
12,276 cases, with 147 deaths (5).

On July 23, 2009, in the Valparaiso Region of Chile, 1 
fl ock (A1) from a commercial turkey breeding farm (farm 

A) started to show a measurable decrease in egg produc-
tion and shell quality (Figure 1). During the following 2 
weeks, similar signs were observed in 3 other fl ocks (A2, 
A3, A4) at farm A and 2 fl ocks (B1 and B4) on another 
turkey breeding farm (farm B) 50 km away, both belonging 
to the same company. However, neither respiratory signs 
nor increased death rates were observed. Because an infl u-
enza virus was suspected, on August 13 the situation was 
reported to the Chilean Agricultural and Livestock Service 
(SAG) for diagnosis.

The Study
On August 14, the fi rst blood samples were taken from 

turkeys of all affected fl ocks and submitted for serodiagno-
sis (Table). The agar gel immunodiffusion assay (AGID) 
detected antibodies to infl uenza A virus in 140 (62%) of 
227 turkeys sampled. Farm A had a higher proportion of 
positives (80%) than farm B (32%) (odds ratio [OR] 8.4; 
95% confi dence interval [CI] 4.6–15.5).

Because of this fi nding, SAG adopted several control 
measures. Involved premises were quarantined and bios-
ecurity standards were intensifi ed, an epidemiologic in-
vestigation of the outbreak was initiated, and postmortem 
examinations of some carcasses were conducted. Each 
farm was considered an epidemiologic unit because each 
contained several fl ocks located closer than 1,000 m in-
side the same farm and were managed under independent 
biosecurity measures. On August 16, sampling for viral 
RNA detection by real-time reverse transcription–PCR 
(rRT-PCR) (6) was conducted, including not only affect-
ed fl ocks but surrounding premises; cloacal and tracheal 
swabs and embryonated eggs were collected from hatch-
eries. In addition, neighboring turkey farms were sampled 
for serologic analysis.

By August 18, results of this screening showed infec-
tion only in breeder turkeys from the fi rst affected fl ocks of 
farms A and B. The rRT-PCR identifi ed RNA correspond-
ing to the infl uenza A matrix gene (Table) but not RNA 
of H5 or H7 genes. In some cloacal and tracheal swabs, 
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viral RNA was detected, with cycle threshold values of 
22.3–36.0. In the homogenates of embryo lungs and tra-
cheas, viral RNA was not detected, suggesting that no ver-
tical transmission occurred in this outbreak. Necropsies of 
3 birds showed salpingitis, peritonitis, and interruption of 
follicular development. No other lesions were observed, 
and birds that had symptoms at the beginning of the out-
break were recovering and returning to normal laying rates 
after 3 weeks (Figure 1). Pools of feces belonging to 12 
wild birds, including ducks (Anas georgica) and coots (Fu-
lica armillata), collected near farm A were negative for in-
fl uenza virus by rRT-PCR.

In addition, the SAG laboratory had been working 
on subtyping the agent by developing hemagglutinin and 
neuraminidase inhibition tests (7) using 5 AGID-positive 
serum samples. Subtype H1N1 was found after all 15 he-
magglutinin and 9 neuraminidase subtypes were tested.

On August 19, SAG authorities coordinated with the 
Chilean Public Health Institute (ISP) for the virus isola-
tion by using specifi c pathogen-free chicken embryos and 
MDCK cells (8) and for sequencing the viral genome (9) 
because the diagnosis for the pandemic agent was centered 
in the ISP facilities. In addition, an RNA sample was sent 
to the National Veterinary Services Laboratories (US De-
partment of Agriculture), the World Organization for Ani-
mal Health reference laboratory for avian infl uenza.

On August 27, the viral sequences had been informed 
by ISP and National Veterinary Services Laboratories (Gen-
Bank accession nos. GQ866230, GQ866231, GQ866229, 
GQ866225, GQ866227, GQ866226, GQ866232, and 
GQ866228), having an almost complete identity with the 
novel pandemic strain. These results suggested transmission 
of pandemic (H1N1) 2009 virus from humans to birds.

In the follow-up to this outbreak during September 
and October, SAG implemented an rRT-PCR assay devel-
oped by Southeast Poultry Research Laboratory (Athens, 
GA, USA) for the detection of the pandemic (H1N1) 2009 
N1 gene (10). When egg production began progressively 
recovering in fl ocks, cloacal and tracheal swabs were ana-
lyzed for viral detection by using rRT-PCR assays. The last 
evidence of infection was obtained on August 31 (Figure 

2), suggesting that the virus was eliminated from turkeys 
after 2–4 weeks.

Conclusions
The source of infection for animals is still under inves-

tigation, but no clinical signs consistent with infl uenza-like 
illness were reported in staff working on the farms. Viral 
dissemination might have occurred either from the same 
infectious source, i.e., a farm worker or through fomites 
transported between premises. In any case, the biosafety 
system implemented in the company was working mainly 
to prevent infections from wild animals but not from hu-
mans. Transmission among animals was expected to have 
occurred through direct contact with secretions and feces 
from infected to susceptible birds.

The low cycle threshold values found by rRT-PCR in 
some samples suggest that the virus can replicate in tur-
keys, although previous attempts to experimentally infect 
turkeys with this strain had been unsuccessful (10). Some 
unknown predisposing factor expressed in the farm envi-
ronment has transformed these birds into reservoirs of the 
pandemic strain. This event, also detected in Canada and 
the United States (4), could be explained by the reported 
presence of both avian and mammalian infl uenza A recep-
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Table. Laboratory results of testing conducted on turkey farms affected by the pandemic (H1N1) 2009 influenza outbreak, Valparaiso
Region, Chile, 2009* 

Farm Flock no. 

Results
Turkeys AGID rRT-PCR 

No. Age, wk No. animals sampled No. positive No. animals sampled No. positive Ct
A 1 7,032 53 28 18 26 3 31.4

2 4,410 77 28 25 43 1 34.8
3 7,556 49 28 17 19 0
4 6,922 37 56 52 42 0

B 1 7,004 45 28 2 30 3 34.9
4 5,950 57 59 26 47 6 27.1

*AGID, agar gel immunodiffusion assay; rRT-PCR, real-time reverse transcription–PCR to detect matrix protein; Ct, cycle threshold values of positive 
results (averages). 
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Pandemic (H1N1) 2009 in Turkeys

tors in tissues from turkeys. Indeed, these turkeys are sus-
ceptible to a wide variety of infl uenza A viruses, includ-
ing those from wild birds and swine, which are detected 
in these birds frequently (11). The role of turkeys in the 
epidemiology of pandemic (H1N1) 2009 strain remains to 
be elucidated.

In this outbreak, the infection in turkeys was mild, 
with reproductive symptoms and natural recovery. Some 
authors have reported a similar situation when these birds 
were experimentally infected with the triple reassortant 
H3N2 subtype isolated from pigs (11,12). Because some 
segments of subtype H3N2 are in the lineage of pandemic 
(H1N1) 2009 virus (2), the genetic bases for the interspe-
cies transmission of this strain might be found on these 
segments. The turkeys involved in the outbreak were held 
under strict biosafety measures and sent to slaughter after 
laboratory verifi cation of viral disappearance. The control 
strategy promptly and completely eliminated the risk to hu-
mans and animals.

Dr Mathieu works in the virology laboratory of the Chilean 
Agricultural and Livestock Service and is a Food and Agricultural 
Organization of the United Nations (FAO)–Instituto Interameri-
cano de Cooperación para la Agricultura (IICA) consultant on the 
diagnosis of avian infl uenza. 
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We screened Salmonella and Escherichia coli isolates, 
collected 2004–2008 in the United Kingdom, for 16S rRNA 
methyltransferases. rmtC was identifi ed in S. enterica se-
rovar Virchow isolates from clinical samples and food. All 
isolates were clonally related and bore the rmtC gene on 
the bacterial chromosome. Surveillance for and research on 
these resistance determinants are essential. 

Aminoglycosides are used in treating a wide range of 
infections caused by both gram-negative and gram-

positive bacteria and have been classifi ed by the World 
Health Organization as critically important antimicrobial 
drugs in human medicine (1). They inhibit bacterial pro-
tein synthesis by binding irreversibly to the bacterial 16S 
ribosomal subunit, which thereby leads to cell death. Re-
sistance to these antimicrobial agents usually results from 
production of aminoglycoside-modifying enzymes (such as 
acetyltransferases, phosphorylases, and adenyltransferas-
es), reduced intracellular antimicrobial drug accumulation, 
or mutation of ribosomal proteins or rRNA. An addition-
al mechanism, methylation of the aminoacyl site of 16S 
rRNA, confers high-level resistance to clinically important 
aminoglycosides such as amikacin, tobramycin, and gen-
tamicin. Six types of 16S rRNA methyltransferase genes 
conferring resistance to these antimicrobial agents, armA, 
rmtA, rmtB, rmtC, rmtD, and npmA, have been identifi ed 
(2,3). armA and rmtB are spread in enterobacteria world-
wide, and the presence of other methyltransferase genes 
have not previously been reported in Europe (3). With the 
exceptions of armA and rmtB in porcine Escherichia coli 
from Spain and the People’s Republic of China, respective-
ly (4,5), all methyltransferase genes described have been 
identifi ed in human clinical samples, for which a possible 
role for food in transmission of these determinants remains 
largely unknown. Despite large surveys performed to iden-

tify 16S rRNA methyltransferases, the rmtC gene has been 
detected in only 2 Proteus mirabilis clinical isolates from 
Japan and Australia in 2006 and 2008, respectively (3,6,7). 
In this study, 81,632 Salmonella and 10,700 Escherichia 
coli isolates obtained from the Health Protection Agency 
(HPA) Centre for Infections culture collection (isolated 
from January 2004 through December 2008) were screened 
for the presence of 16S rRNA methyltransferases.

The Study
 Salmonella enterica (56 isolates) and Escherichia coli 

(24 isolates) were selected from the HPA collection based on 
their resistance to amikacin (breakpoint concentration rou-
tinely used in HPA Salmonella Reference Unit = 4 μg/mL). 
Because 16S rRNA methyltransferases confer high-level re-
sistance to amikacin, 13 S. enterica isolates were selected on 
the basis of ability to grow on Isosensitest agar containing 
500 μg/mL amikacin, whereas none of the E. coli isolates 
grew under these conditions. All isolates belonged to sero-
type Virchow. Further antimicrobial susceptibility testing by 
microdilution by using dehydrated Sensititer plates following 
the CLSI guidelines confi rmed high-level resistance to 4,6-
disubstituted 2-deoxystreptamines (Table 1). PCR screening 
of the 13 isolates for armA, rmtA, rmtB, rmtC, and rmtD (8) 
identifi ed rmtC. Nucleotide sequencing of the amplicons 
confi rmed an rmtC gene with 100% identity with those origi-
nally identifi ed in Proteus mirabilis strain ARS68 isolated 
from an inpatient in Japan (6) and P. mirabilis strain JIE273 
from Australia (7). To our knowledge, this is the third report 
of rmtC-bearing bacteria. Class one integrons were ampli-
fi ed (9), and sequenced. Isolates resistant to neomycin bore 
the aac(6′)-Ib gene cassette, whereas the dfrA1 gene was re-
sponsible for resistance to trimethoprim.

Twelve of the 13 S. enterica strains were originally 
isolated over a 4-year period from patients with clinical in-
fection; 1 strain was obtained from frozen produce. Seven 
of 12 strains were obtained from patients with histories of 
foreign travel; 4 of the 7 patients had reported recent travel 
to India (Table 2). P. mirabilis strain JIE273 was also iso-
lated from a patient who had recently returned from India 
(7). Investigations to ascertain the presence of rmtC genes 
in India are under way. To identify a possible link between 
the isolates, chromosomal DNA was embedded in agarose 
plugs prepared according to the pulsed-fi eld gel electro-
phoresis (PFGE) protocol of PulseNet Europe (10). PFGE 
patterns showed only 1–2-band differences (Figure 1) and 
correlated with phage typing data (Table 1). All clinical 
isolates were recovered from feces, except a blood iso-
late recovered from a patient with invasive salmonellosis 
(Table 2). The temporal and geographic distribution of the 
isolates suggested independent acquisition of infections in 
most cases and possibly epidemiologically linked cases, 
e.g., strains 9 and 10 (Table 2; Figure 2).
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S. enterica ser. Virchow with rmtC

PCR with primers ISEcp1R-F and rmtC-down (7) 
showed that the rmtC gene and immediate upstream se-
quences (GenBank accession nos. FJ984623–FJ984634 
for human isolates and GQ131574 for the food isolate) 
were identical to those previously identifi ed in P. mirabi-
lis (6,7), in which ISEcp1 has been shown to play a role 
in the expression and transposition of the rmtC gene (11). 
However, the complete ISEcp1 element could not be am-
plifi ed by using primers ISEcp1 5′ and ISEcp1 reverse, 
which suggests either partial deletion of this element or 
involvement of a different ISEcp1-like element in spread 
of rmtC in Salmonella (6,12). Attempts to isolate rmtC 
by conjugal transfer to rifampin-resistant E. coli 20R764 
were unsuccessful, as was electroporation into E. coli 
LMG194 and ElectroMAX DH10B cells (both Invitrogen, 
Paisley, UK) by using plasmid preparations. An ≈100-kb 
rmtC-bearing plasmid was previously transferred from 
P. mirabilis ARS68 by electroporation but could not be 
mobilized by conjugation (6), and attempts to transfer 
the rmtC plasmid from P. mirabilis JIE273 by electropo-
ration and conjugation failed (7). This fi nding contrasts 

with some qualities of the other methyltransferases, such 
as armA and rmtB, which are mostly located on conjuga-
tive plasmids (8,13). 

The location of the rmtC gene was determined with 
PFGE by using I-CeuI nuclease treatment. Agarose plugs 
were digested with 9.5 U I-CeuI nuclease (New England 
Biolabs, Beverly, MA, USA). Separated DNA fragments 
were transferred onto a nylon membrane (GE Healthcare, 
Madrid, Spain) and hybridized with 16S rDNA and rmtC 
probes labeled with DIG-11-dUTP. Hybridization, label-
ing, and detection were performed according to the man-
ufacturer’s recommendations (Roche Applied Science, 
Mannheim, Germany). A DNA band hybridized with both 
probes, showing that the rmtC gene was located on the chro-
mosome. Results of hybridization of plasmid extractions 
(Plasmid Midi kit; QIAGEN, Inc., Chatworth, CA, USA) 
with the rmtC probe were negative (data not shown).

Conclusions
We describe the occurrence of 16S rRNA methyltrans-

ferase rmtC in Salmonella isolates and the rmtC gene in 
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Table 1. Phage types for Salmonella enterica serovar Virchow isolates bearing rmtC and MICs of selected antimicrobial agents* 

Isolate
Phage
type GEN KAN AMK TOB ARB NEO TMP CPX AMP

HO 5164 0340 ND >512 >512 >512 >512 >512 64 <0.5 0.5 1
HO 5366 0426 30 >512 >512 >512 >512 >512 2 >32 0.25 <0.05
HO 6018 0151 30 >512 >512 >512 >512 >512 2 >32 0.25 1
HO 6316 0322 30 >512 >512 >512 >512 >512 32 <0.5 0.25 1
HO 6398 0463 30 >512 >512 >512 >512 >512 32 <0.5 0.25 1
HO 7078 0136 30 >512 >512 >512 >512 >512 2 >32 0.25 <0.05
HO 7310 0210 31 >512 >512 >512 >512 >512 4 >32 0.25 1
HO 7468 0335 25 >512 >512 >512 >512 >512 2 >32 0.5 1
HO 7474 0467 25 >512 >512 >512 >512 >512 4 >32 0.25 <0.05
HO 7496 0137 25 >512 >512 >512 >512 >512 2 >32 0.25 1
HO 7512 0259 25 >512 >512 >512 >512 >512 4 >32 0.25 1
HO 8354 0857 25 >512 >512 >512 >512 >512 4 >32 0.25 <0.05
HO 8512 0713 25 >512 >512 >512 >512 >512 4 >32 0.25 1
*MICs are given in μg/mL. GEN, gentamicin; KAN, kanamycin; AMK, amikacin; TOB, tobramycin; ARB, arbekacin; NEO, neomycin; TMP, trimethoprim; 
CPX, ciprofloxacin; AMP, ampicillin; ND, not determined. 

Table 2. Epidemiologic information from rmtC-positive Salmonella enterica serovar Virchow isolates, United Kingdom, 2004–2008* 
Isolate Date received Map no. Location Sample type Symptoms Travel history
HO 5164 0340 2005 Apr 20 1 Reading Feces ND ND
HO 5366 0426 2005 Sept 8 2 London Feces Diarrhea Unknown destination
HO 6018 0151 2006 Jan 6 3 Wexham Feces ND ND
HO 6316 0322 2006 Aug 3 4 Nottinghamshire Feces Diarrhea No recent travel
HO 6398 0463 2006 Sept 29 5 London Blood Fever and diarrhea India
HO 7078 0136 2007 Feb 16 6 Orpington Feces Diarrhea India
HO 7310 0210 2007 July 30 7 Wrexham Feces Diarrhea Unknown destination
HO 7468 0335 2007 Nov 16 8 Bedford Feces Enteritis India
HO 7474 0467 2007 Nov 21 9 West Sussex Feces Diarrhea ND
HO 7496 0137 2007 Dec 6 10 West Sussex Feces Diarrhea ND
HO 7512 0259 2007 Dec 18 11 Surrey Feces Diarrhea India
HO 8354 0857 2008 Aug 27 12 Kent ND Diarrhea Unknown destination
HO 8512 0713 2008 Dec 16 13 Spalding Food NA NA
*ND, not determined; NA, not applicable. 



Europe. We also report that a producer of 16S rRNA meth-
yltransferase was isolated from food.

The overall isolation frequency of 16S rRNA methyl-
transferase–producing S. enterica is low (13/81,632 strains) 
in the United Kingdom, and these genes were absent in E. 
coli. However, spread of multidrug-resistant isolates that 
express 16S rRNA methyltransferases, amplifi ed by the as-
sociation of these genes with the ISEcp1 element, raises 
clinical concern that further spread is likely. Ongoing sur-
veillance of 16S rRNA methyltransferases in isolates found 
in food products and in humans and animals is crucial to 
delay the spread of resistance to these classes of antimicro-
bial agents.

Addendum
 While this manuscript was under revision, an S. en-

terica ser. Virchow isolate bearing the rmtC gene isolated 
from a child with a history of travel to India was reported 
in the United States (14). 
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H0 8512 0713.

Figure 2. Map of United Kingdom showing geographic location of 
the 13 Salmonella enterica serovar Virchow isolates bearing rmtC. 
Each number represents 1 isolate in chronologic order of isolation 
as shown in Table 2.
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Reemergence of 
Dengue in Mauritius 

Mohammad I. Issack, Vidula N. Pursem, 
Timothy M.S. Barkham, Lee-Ching Ng, 
Masafumi Inoue, and Shyam S. Manraj

Dengue reemerged in Mauritius in 2009 after an ab-
sence of >30 years, and >200 cases were confi rmed sero-
logically. Molecular studies showed that the outbreak was 
caused by dengue virus type 2. Phylogenetic analysis of the 
envelope gene identifi ed 2 clades of the virus. No case of 
hemorrhagic fever was recorded.

Mauritius is a tropical island nation of 1,865 km2 in the 
southwestern Indian Ocean, ≈2,000 km off the coast 

of eastern Africa. It has a population of 1.25 million, with 
≈68% of Indian origin and 27% of predominantly African 
or mixed ancestry. It is classifi ed by the World Bank as an 
upper-middle-income country. The economy is diversifi ed; 
textiles, tourism, sugar cane, banking, and business process 
outsourcing are the main sectors. Most Mauritians have a 
sedentary lifestyle.

In 2008, a total of 930,000 visitors traveled to Mauri-
tius for tourism and business; 98% arrived by air (1). They 
were mostly from western Europe (60.5%), Réunion island 
(10.3%), South Africa (9.1%), and India (4.7%).

Mauritius was, for many years, essentially free from 
indigenous dengue and chikungunya disease until 2005 and 
2006 when outbreaks of chikungunya occurred, with Ae-
des albopictus mosquitoes as the vector (2). In the region, 
a well-documented epidemic of dengue fever caused by 
dengue virus type 2 (DENV-2) occurred on Réunion island 
in 1977–1978, and 2 outbreaks were caused by the same 
dengue serotype in the Seychelles in 1976–1977 and 1978–
1979 (3,4). Although no record was made of laboratory-
confi rmed cases in the 1970s in Mauritius, a subsequent 
seroepidemiologic study suggests that cases of dengue also 
occurred in the country around that time, and it is reason-
able to postulate that they were also caused by DENV-2 
(5). Since then, apart from the occasional imported case, 
no evidence of dengue transmission has been reported for 
>30 years in Mauritius. However, dengue fever reemerged 
in the country in 2009, and we report on the laboratory in-
vestigation of the outbreak.

The Outbreak
At the end of April 2009, a physician from a private 

clinic in Port-Louis, the capital city, reported having seen 
several patients with fever, malaise, diarrhea, increased lev-
els of liver enzymes, and marked thrombocytopenia. Rash 
and arthralgia were not mentioned, and no test was request-
ed for dengue or chikungunya viruses. On June 1, another 
physician requested dengue serologic testing for a patient 
who had fever for the past 10 days, rigors, generalized 
aches and pains, and a petechial rash. The patient had lived 
in Malaysia several years previously but had no history of 
recent travel. His liver enzyme levels were increased, and 
his thrombocyte count was 15,000 cells/μL. At the Central 
Health Laboratory (CHL) in Mauritius, the patient’s serum 
was positive for immunoglobulin (Ig) G and IgM against 
dengue with the Hexagon Dengue rapid immunochromatog-
raphy test (Human GmbH, Wiesbaden, Germany) and nega-
tive for Platelia dengue nonstructural protein 1 (NS1) (Bio-
Rad Laboratories, Marnes-la-Coquette, France).

The next day, 6 patients who had previously been ad-
mitted with fever at the above-mentioned private clinic were 
traced by the Department of Public Health. They all lived in 
the same suburb of the capital city. Serum samples from all 
6 patients showed IgG and IgM against dengue. The Min-
istry of Health and Quality of Life immediately initiated 
an action plan which included mosquito control measures 
by fogging and larviciding, environmental cleaning, and a 
public awareness campaign on how to eliminate mosquito 
breeding sites. The fi rst 10 positive serum specimens, all of 
which had dengue antibodies were sent for confi rmation to 
the National Health Laboratory Services in South Africa, 
where all were subsequently found to be positive for den-
gue IgG and IgM by hemagglutination-inhibition test and 
ELISA, respectively.

On June 5, dengue NS1 antigen was detected at CHL 
from serum specimens from 3 patients. Four days later, se-
rum samples from 11 patients that were positive for den-
gue antigen were sent to Tan Tock Seng Hospital in Sin-
gapore for reverse transcription–PCR (RT-PCR) testing. 
Approximately 24 hours later, the laboratory reported that 
DENV RNA was detected in 7 of the samples by real-time 
RT-PCR, with previously described primers using SYBR 
Green and gel electrophoresis (6). The serum samples were 
later found to be positive for DENV-2 by multiplex RT-
PCR with serotype-specifi c primers, and detection with 
serotype-specifi c probes by using a Luminex xMAP-based 
assay (Luminex, Austin, TX, USA) (unpub. technique).

Subsequently, nucleotide sequencing and phylogenetic 
analysis of the envelope gene from the PCR products of the 
7 positive serum specimens showed that, although all the 
viruses belonged to the Cosmopolitan genotype, 2 separate 
clades were present. Four samples clustered with isolates 
from India, and the remaining 3 were most closely related 
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to an isolate from Sri Lanka (Figure). Overall, during June, 
dengue NS1 antigen was detected in the serum specimens 
of 194 patients. In 40 other cases, the serum specimens test-
ed positive for dengue IgM by immunochromatography or 
capture ELISA (Panbio, Brisbane, Queensland, Australia) 
but negative for NS1 antigen. All patients were clustered 
in suburbs of Port-Louis or had traveled there. Only 5 and 
3 new cases of dengue were diagnosed in July and August, 
respectively, and no case was reported in September. The 
case-patients ranged in age from1 to 91 years; median age 
was 36 years, and 52.5% were male.

Conclusions
Dengue has reemerged in Mauritius after >30 years, 

but the outbreak was short-lived because of the institu-
tion of control measures and the arrival of cooler and drier 
weather. In the affected areas, monthly mean maximum 
temperature dropped from 28.3°C in June to 26.4°C in 
August, and total monthly rainfall amount fell from 126.4 
mm in May to 44.8 mm in August. The outbreak was also 
restricted to some suburbs of the capital city, possibly be-
cause of of relatively warm temperatures and high popula-
tion density. The reemergence was probably caused by in-
troduction of DENV-2 by unrecognized infective travelers. 
The high bootstrap value of 94% in the phylogenetic analy-
sis suggests at least 2 separate importations of DENV-2 oc-
curred. In 2008, an imported case of dengue was diagnosed 
in a child returning from India, but control measures were 
rapidly instituted and no local transmission occurred. 

No case of dengue hemorrhagic fever was recorded in 
this outbreak, probably because the population has not been 
exposed previously to another serotype. The vector of the 
outbreak was likely to have been Ae. albopictus mosqui-
toes, which are widely distributed in Mauritius (Ae. aegypti 
was eradicated from the country in the early 1950s as a 
result of a DDT indoor-spraying campaign in 1949–1951 
to control malaria) (7). However, the rapid increase in the 
number of observed cases in June is more consistent with 
an Ae. aegypti–borne dengue outbreak, and a new compre-
hensive entomologic study is needed  to exclude the pos-
sibility that Ae. aegypti has recently been reintroduced into 
Mauritius.

Whether DENV-2 will persist in Mauritius through-
out the winter and lead to more cases next summer, despite 
maintenance of intensive mosquito control programs, is 
uncertain However, all practical measures must be taken 
to prevent introduction and transmission of another DENV 
serotype in Mauritius to minimize the risk for dengue hem-
orrhagic fever. In particular, surveillance of travelers from 
dengue-endemic regions should be instituted. The thermal 
scanner, recently installed at Mauritius’ only airport, could 
be used to screen passengers for dengue fever because a 
study from Taiwan suggested that fever screening at air-

ports was a cost-effective means of identifying many im-
ported dengue cases (8). Moreover, the present policy of 
monitoring all persons arriving from malaria-endemic ar-
eas for fever and parasitemia could be extended to include 
testing for dengue in febrile travelers arriving from dengue-
endemic areas. The recently opened CHL molecular biol-
ogy unit needs to be ready by next summer to detect and 
serotype dengue viruses to enable prompt diagnosis and 
epidemiologic evaluation of any new case.
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Figure. Phylogenetic relationships of dengue virus isolates from 
Mauritius inferred by envelope (E) gene sequence by using the 
maximum-likelihood method as implemented in PAUP* version
4.0b10 (http://paup.csit.fsu.edu/about.html). Primers used for 
amplifi cation of product for sequencing were 5′-AATCCAGATG
TCATCAGGAAAC-3′ and 5′-CCTATAGATGTGAACACTCCTCC-3′. 
The E gene sequences were consolidated from overlapping, 
bidirectional sequences. Scale bar indicates nucleotide substitutions 
per site.
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LETTERS

One Flu for One 
Health

To the Editor: The emergence 
and spread of infl uenza A pandemic 
(H1N1) 2009 virus from the animal 
reservoir to humans raise questions 
about the future approach to infl uenza 
virus infections. The scientifi c commu-
nity has evidence demonstrating that 
infl uenza virus genes migrate across 
continents and animal species and as-
semble themselves in combinations 
that are a threat to animal and human 
health, resulting in panzootics like that 
caused by infl uenza A virus (H5N1) 
or pandemics like that caused by pan-
demic (H1N1) 2009 virus. The latter 
virus emerged from the animal reser-
voir, containing a unique combination 
of genes donated by viruses originat-
ing from 3 species and 2 hemispheres. 
In a globalized environment, mapping 
gene movement across species and 
national borders and identifying muta-
tions and gene constellations with pan-
demic potential or virulence determi-
nants are essential to enact prevention 
and control strategies at a global level. 
This conclusion is in agreement with, 
and possibly the best example of, the 
One Health (http://un-infl uenza.org/
node/2341) vision: a multidisciplinary 
collaborative approach to improving 
the health of humans, animals, and the 
environment. One Health is endorsed 
by the United Nations Food and Ag-
riculture Organization, the World Or-
ganisation for Animal Health, and the 
World Health Organization. 

Vast improvements in capacity 
building have been achieved as a re-
sult of the infl uenza A (H5N1) global 
crisis. Thousands of viral isolates with 
zoonotic potential have been obtained 
through surveillance efforts, although 
the genetic information has not been 
exploited fully. In addition, investigat-
ing how infl uenza viruses circulate in 
certain species, including dogs, pigs, 
and horses, has been neglected. This 
neglect is evidenced by the fact that, 
at the time of this writing, GenBank 

contained 4,001 full genome sequenc-
es of infl uenza viruses isolated from 
humans, 2,590 of viruses isolated 
from birds, and only 325 from swine, 
85 from horses, 2 from mink, 4 from 
dogs, 2 from cats, 2 from tigers, and 3 
from seals. 

We invite donors and interna-
tional agencies to invest in a novel 
approach to infl uenza virus infections, 
to abandon prefi xed compartments 
linked to geographic origin or species 
of isolation, and to analyze the infl u-
enza gene pool as one entity. We pro-
pose capitalizing on existing achieve-
ments and investments to develop an 
international network and a permanent 
observatory, which will improve our 
understanding of the dynamics of the 
infl uenza virus gene pool in animals 
and humans. A greater understanding 
will generate important information to 
support both public and animal health. 
Ideally, a small consortium, including 
representatives of major international 
organizations, could take leadership 
and liaise with major institutions in-
volved in infl uenza surveillance and 
research to develop a feasibility study 
and roadmap to achieve this goal. The 
One Flu initiative could result in in-
ternational synergies, the bridging of 
gaps between medical and veterinary 
scientists, permanent monitoring of 
virus evolution and epidemiology, and 
the best exploitation of investments in 
capacity building. Above all, this col-
laboration could be a challenge and op-
portunity to implement the One Health 
vision, and possibly act as a model for 
other emerging zoonotic diseases.
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Pandemic (H1N1) 
2009 Risk for 
Nurses after 

Trivalent 
Vaccination

To the Editor: We report results 
of the effect of inactivated seasonal 
infl uenza vaccination on risk of pan-
demic (H1N1) 2009 in a cohort of 
nurses in Canada who participated in a 
recent randomized controlled trial that 
compared the effectiveness of surgical 
masks with that of N95 respirators in 
preventing infl uenza (1). From Sep-
tember 23, 2008, through December 8, 
2008, a total of 446 nurses from 8 hos-
pitals in the province of Ontario were 
enrolled. They were then randomly 
assigned an intervention; 225 were as-
signed to wear surgical masks, and 221 
were assigned to wear the N95 respira-
tor. The mean age of participants was 
36.2 years; 94% were women. A total 
of 128 (30.3%) received the trivalent 
infl uenza vaccine. Vaccination status 
was similar between the groups: 68 
(30.2%) persons in the surgical mask 
group and 62 (28.1%) persons in the 
N95 respirator group had received the 
2008–2009 trivalent inactivated infl u-
enza vaccine. The nurses were moni-
tored from January 12, 2009, through 
April 23, 2009.

Blood specimens for serologic 
analysis were obtained before enroll-
ment and at the end of the follow-up 
period. End-of-study serum samples 
were collected from April 23 through 
May 15, 2009. Serologic infection 
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was defi ned by a >4-fold increase in 
infl uenza-specifi c hemagglutinin inhi-
bition assay titer between baseline and 
convalescent-phase serum samples 
by using turkey erythrocytes and A/
TN/1560/2009(H1N1), a representa-
tive pandemic infl uenza virus.

Of the 422 nurses included in the 
analysis, 42 (10.0%) showed serocon-
version to pandemic (H1N1) 2009. Of 
128 nurses who received the trivalent 
infl uenza vaccine, 9 (7.0%) showed 
seroconversion vs. 33 (11.2%) of 
those that did not (relative risk 0.63, 
95% confi dence interval 0.31–1.27, p 
= 0.19).

Although the point estimate was 
protective, the confi dence interval is 
wide and does not exclude an increase 
in risk. Our sample size limits infer-
ences that can be drawn. Heterotypic 
antibodies may have contributed to the 
relatively high rate of seroconversion. 
A rise in antibody titer is considered 
by some as an outcome associated 
with bias, unlike virus identifi cation.  
Nevertheless, these data suggest a pos-
sible positive effect of seasonal infl u-
enza vaccine reducing risk of infection 
with pandemic (H1N1) 2009.

This study was funded by the Public 
Health Agency of Canada.
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Patients with 
Pandemic (H1N1) 
2009 in Intensive 
Care Units, Israel

To the Editor: We report re-
sults of an active surveillance system 
established by the Tel Aviv District 
Health Offi ce in Israel. This surveil-
lance system monitors the daily status 
of patients with laboratory-confi rmed 
pandemic (H1N1) 2009 virus infec-
tion in each of the district’s intensive 
care units (ICUs), including pediatric 
ICUs.

Follow-up is maintained by daily 
phone conversations with medical 
staff until disease outcome is con-
cluded by discharge, transfer to a 
long-term rehabilitation facility, or 
death. Medical records, as well as 
daily laboratory reports, are collected 
to confi rm or to rule out pandemic 
(H1N1) 2009 infection.

During July 10–October 10, 
2009, our prospective cohort included 
17 patients with pandemic (H1N1) 
2009 laboratory-confi rmed infection 
who were residents of the district; 12 
(70.6%) were male patients. The me-
dian age was 44 years (interquartile 
range 13–72 years). By October 10, 
2009, six patients had been discharged, 
7 had died, 2 had been transferred to 
long-term rehabilitation facilities, and 
2 remained hospitalized.

Twelve (70.6%) patients had an 
underlying medical condition, mainly 
chronic lung disease (6 patients) or 
chronic cardiovascular disease (5 pa-
tients). Two patients were morbidly 
obese (body mass index >35), and 1 

patient was pregnant. Additionally, 3 
patients (17.6%) were infected while 
hospitalized. 

Thirteen patients (76.5%) had 
acute respiratory distress syndrome 
caused by diffuse viral pneumonitis. 
Other notable manifestations were 
acute renal failure (6 patients), sepsis/
septic shock (5 patients), and neuro-
logic complications such as Guillain-
Barré syndrome, encephalitis, and sei-
zures (3 patients). 

Documented nosocomial sepsis, 
often of multiple gram-negative bacte-
ria (9 patients), was the most frequent 
complication during the course of the 
disease. Other frequent characteristics 
were the use of high positive end-ex-
piratory pressure during mechanical 
ventilation (4 patients) and the need 
for tracheostomy (5 patients).

Average time from disease on-
set to hospital admission was 3 days. 
Time from hospital admission to ICU 
admission for those patients who died 
was longer than for those who sur-
vived, with a median of 2 days com-
pared with 0.5 day, respectively, al-
beit not signifi cant (p = 0.26). Average 
hospitalization was 23.4 days; average 
length of stay in the ICU was 16.7 
days (71.4% of the average hospital-
ization time).

As mentioned previously, 7 pa-
tients (41.2%) died; 5 (71.4%) were 
male, similar to their cohort’s pro-
portion. One signifi cant difference (p 
= 0.02) was found between the age 
of survivors (mean 26.0 years, 95% 
confi dence interval 7.6–44.3) and the 
age of nonsurvivors (mean 59.3 years, 
95% confi dence interval 39.6–79.0). 
The most prominent case–fatality rate 
was for elderly patients, >65 years of 
age (3 of 4 patients) followed by pa-
tients between 20 and 64 years of age 
(4 of 9 patients); these subgroups con-
stituted 23.5% and 52.9% of the co-
hort, respectively.

Estimated incidence rate was 13.8 
patients and 5.7 deaths in ICUs per 
million residents in the Tel Aviv dis-
trict. Again, the elderly subgroup was 
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dominant, with the highest estimated 
rate of illness (23.1 per million resi-
dents) and death rate (17.3 per million 
residents). The denominator of these 
rates was calculated from the popula-
tion data published by the Israeli Cen-
tral Bureau of Statistics for 2007 and 
2008. Upon that basis, the population 
data for the end of the third quarter of 
2009 was estimated. 

During the described surveillance 
period, 5.7% of ICU beds in the dis-
trict were, on average, continuously 
occupied by patients infected with 
pandemic (H1N1) 2009. The occupan-
cy peak was 6.5 of 53.8 standardized 
ICU beds (12.1%) per million resi-
dents during the week ending August 
28, 2009 (Figure).

In conclusion, our analysis of 
patients having the most severe pan-
demic (H1N1) 2009 infection indi-
cates a need for prolonged periods of 
hospitalizations, especially in ICUs, 
for young adults and elderly patients. 
Death or prolonged adverse com-
plications were frequent outcomes. 
We found that the impact of patients 
with pandemic (H1N1) 2009 on the 
ICUs in our district during the sum-
mer wave was surprisingly similar in 
length and intensity to the impact that 

was recently reported in Australia and 
New Zealand during the winter wave 
(1). The maximum number of ICU 
beds occupied per million residents, 
reported for all regions of Australia 
and New Zealand combined, was 7.4 
during the week ending July 27, 2009 
(vs. 6.5 as described above). We also 
found that the mean age of those who 
died was older than that in previous 
reports (2–6).This fi nding may present 
a need for policymakers to reconsider 
current vaccination priorities (7) while 
facing the winter wave of infl uenza in 
the Northern Hemisphere. 
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Figure. Number of intensive care unit (ICU) beds occupied by patients with pandemic 
(H1N1) 2009 infection in district ICUs during the described surveillance period, Tel Aviv, 
Israel. During this period, 5.7% of ICU beds, on average, were continuously occupied 
by patients with pandemic (H1N1) 2009 infection. The occupancy peak was 6.5 of 53.8 
standardized ICU beds per million residents (12.1%) during the week ending August 28, 
2009. Data are per million residents.
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Risk for 
Transmission of 

Pandemic (H1N1) 
2009 Virus by Blood 

Transfusion
To the Editor: Infl uenza A pan-

demic (H1N1) 2009 virus emerged in 
early 2009 in Mexico and has since 
spread worldwide. In Japan, the fi rst 
outbreak of the novel infl uenza was 
reported in May 2009 (1) and became 
pandemic in November. Although no 
cases of transfusion-transmitted infl u-
enza have been published, evidence 
exists of brief viremia before onset 
of symptoms (2,3). The possibility 
of transmission of this virus through 
transfusion of donated blood is of con-
cern. The Japanese Red Cross Blood 
Centers have intercepted blood prod-
ucts with accompanying postdonation 
information indicating possible pan-
demic (H1N1) 2009 infection and at-
tempted to identify the viral genome 
in those products by using nucleic acid 
amplifi cation technology (NAT).

During June–November 2009, 
blood samples were collected from 
plasma and erythrocyte products that 
had been processed from donations; 
postdonation information indicated 
diagnosis of pandemic (H1N1) 2009 
infection soon after donation. Viral 
RNA was extracted from plasma sam-
ples and erythrocyte fractions by using 
a QIAamp Virus Biorobot MDx kit 
(QIAGEN, Valencia, CA, USA) and 
a High Pure Viral Nucleic Acid Large 
Volume kit (Roche Diagnostics, India-
napolis, IN, USA), respectively. RNA 
samples were subjected to real-time 
reverse transcription–PCR (RT-PCR) 
of hemagglutinin (HA) and matrix (M) 
genes of infl uenza A by using PRISM 
7900 (Applied Biosystems, Foster 
City, CA, USA). The RT-PCR of HA 
was specifi c for pandemic (H1N1) 
2009 virus, whereas the RT-PCR of M 
was designed to detect both pandemic 
(H1N1) 2009 and seasonal infl uenza 
A viruses. The sequences of probes 

and primers were synthesized accord-
ing to the protocols developed by the 
Japanese National Institute of Infec-
tious Diseases (4). Either 200 μL of 
a plasma sample or 100 μL of packed 
erythrocytes was used for each test, 
and the test was performed 2× for each 
gene in each sample. Before the inves-
tigation using donated blood samples, 
the sensitivity of the NAT system was 
checked by spiking experiments. Viral 
particles of pandemic (H1N1) 2009 
virus (A/California/04/2009 [H1N1]), 
donated by the National Institute of 
Infectious Diseases, were spiked into 
plasma and erythrocyte samples from 
healthy volunteers. Viral RNA was 
detected in the plasma samples spiked 
with viral particles corresponding to 
300 genome equivalents/mL and in 
the packed erythrocyte samples spiked 
with viral particles corresponding to 
3,000 genome equivalents/mL.

NAT was conducted by using 96 
plasma and 67 erythrocyte samples ob-
tained from 96 blood donors who had 

symptoms of infl uenza within 7 days 
postdonation. For 20 donors, pandem-
ic (H1N1) 2009 was diagnosed within 
1 day postdonation and, for another 
20, within 2 days postdonation (Fig-
ure). Pandemic (H1N1) 2009 virus 
was not found in any of the samples 
tested, but it was consistently detected 
in the external positive control. These 
results suggest that the viremia with 
pandemic (H1N1) 2009 virus, if any, 
is very low and can be missed by cur-
rent NAT or that the viremic period is 
too brief to identify viremia. Although 
the risk for transmission of pandemic 
infl uenza by transfusion seems to be 
low, further investigation is needed to 
elucidate this risk.

Chieko Matsumoto, 
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Takao Hidaka, Syunya Momose, 
Satoru Hino, Masahiro Satake, 

and Kenji Tadokoro
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Figure. Number of blood donations from persons for whom pandemic (H1N1) 2009 infection 
was diagnosed postdonation and time between donation and diagnosis, by donor age, 
Japan.
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Rapid Emergence 
of Oseltamivir 

Resistance
To the Editor: The infl uenza 

A pandemic (H1N1) 2009 virus has 
spread globally since it fi rst appeared 
in Mexico in April 2009. This third 
infl uenza pandemic since the Span-
ish infl uenza pandemic of 1918 (1) 
has caused at least 400,000 infections 
within 6 months; estimated mortality 
rate is 1.2% (2). Emergence of osel-
tamivir resistance in the pandemic 
(H1N1) 2009 virus is a rising chal-
lenge to global control of the pan-
demic. So far, 39 oseltamivir-resistant 
pandemic (H1N1) 2009 viruses have 
been reported worldwide (3). Among 
the 32 resistant strains reported in Oc-
tober 2009, a total of 13 (41%) were 
associated with postexposure chemo-
prophylaxis and 16 (50%) were from 
samples of patients receiving oselta-
mivir (3). We report rapid emergence 
of resistance (H275Y mutation) in a 
patient, 4 days after early treatment 
with standard doses of oseltamivir for 
pandemic (H1N1) 2009 pneumonia.

On September 1, 2009, a 20-year-
old man with mental retardation con-
sulted the emergency department of 
Kaohsiung Veterans General Hospital 
after 1 day of fever, sore throat, and 
nonproductive cough. A rapid diag-
nostic antigen test (Quick Vue Infl uen-
za test; Quidel, San Diego, CA, USA) 
showed the man to be positive for 
infl uenza A. He was hospitalized for 
bilateral pneumonitis and treated with 
oseltamivir (75 mg 2×/day for 5 days), 
ampicillin/sulbactam, and erythromy-
cin. However, a progressive increase 
in bilateral perihilar interstitial in-
fi ltration developed on the third day, 
accompanied by increasing dyspnea. 
Infl uenza A pandemic (H1N1) 2009 vi-
rus was isolated from the patient’s na-
sopharyngeal secretions on days 1 and 
4 by using MDCK cells. After DNA 
sequence analysis of the neuramini-
dase gene, the mutation of H275Y was 

not found in the fi rst isolate, but se-
quence analysis of the second isolate 
detected mixed populations (C/T) in 
the 823-nt position of the neuramini-
dase gene. Only a single pattern (T) 
was found from the cultured viruses, 
indicating a mixed quasispecies of 
oseltamivir-resistant and -susceptible 
viruses emerging after 4 days of os-
eltamivir treatment. The oseltamivir-
resistant viruses become dominant in 
the cell culture–propagated viruses. 
Chan et al. reported a similar case in 
which the original clinical specimens 
contained a mixed population of vari-
ants, and oseltamivir-resistant viruses 
become dominant after the passage in 
MDCK cells (4).

On his 9th day in the hospital, the 
patient was intubated because of acute 
respiratory distress syndrome (Figure) 
and given levofl oxacin. Urine samples 
were negative for Pneumococcus and 
Legionella spp. antigens. The patient 
improved and was extubated on hos-
pital day 16.

Paired serologic test results were 
negative for Mycoplasma pneumoniae 
and Legionella spp. antibody; howev-
er, immunoglobulin G for Chlamydia 
pneumoniae increased 4-fold. By 37 
days after illness onset, clinical signs 
and symptoms resolved and bilateral 
lineoreticular infi ltration was reduced.

On August 8, 2009, Taiwan had 
the most devastating typhoon (Ty-
phoon Morakot) in 50 years. The 
patient reported here had stayed in a 
typhoon evacuation camp for 1 week 
before his infl uenza signs and symp-
toms developed. Although 4 sporadic 
cases of pandemic (H1N1) 2009 in-
fections were reported from the same 
camp, none of the isolated viruses 
harbored the H275Y mutation in the 
neuraminidase gene. No evidence of 
virus transmission was found among 
healthcare personnel, family members, 
and camp members who had been in 
close contact with the patient.

Oseltamivir has been recommend-
ed by the US Centers for Disease Con-
trol and Prevention for the treatment of 
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infection caused by pandemic (H1N1) 
2009 virus (5). The fi rst 2 cases of osel-
tamivir resistance of pandemic H1N1 
(2009) virus were reported in August 
2009 (6). For these cases, oseltamivir-
resistant virus was isolated on days 11 
and 23 after the initial isolation of os-
eltamivir-susceptible viruses, for each 
patient, respectively. In contrast, in the 
case reported here, resistance to osel-
tamivir developed rapidly, after only 4 
days of treatment.

In severe cases of pandemic 
(H1N1) 2009 infections, mortality 
rates are highest for patients who are 
pregnant, <2 years of age, or obese, 
or who have chronic lung disease (7). 
The patient reported here was previ-
ously healthy except for mental retar-
dation; his body mass index was 23.9 
kg/m2. Progression of pneumonia to 
acute respiratory distress syndrome 

occurred despite early initiation of the 
standard dose of oseltamivir, within 
48 hours after illness onset and ini-
tial susceptibility of the virus. Clini-
cal deterioration might have resulted 
from the rapid emergence of an osel-
tamivir-resistant pandemic (H1N1) 
2009 virus with a H275Y mutation, 
which is known to confer a high level 
of oseltamivir resistance while retain-
ing zanamivir susceptibility (8), or it 
might have resulted from co-infection 
with C. pneumoniae. A 4-month study 
found concurrent bacterial infections 
in 29% of fatal cases of pandemic 
(H1N1) 2009 virus (9).

Oseltamivir resistance can emerge 
rapidly during treatment of pandemic 
(H1N1) virus infection. Healthcare 
providers should be aware that resis-
tance may emerge in otherwise appar-
ently healthy persons as early as day 

4 of treatment with standard doses of 
oseltamivir.
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Figure. Radiograph (anteroposterior view) of patient with acute respiratory distress 
syndrome and oseltamivir-resistant pandemic (H1N1) 2009 virus.
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Dual Seasonal 
Patterns for 

Infl uenza, China
To the Editor: Since 2000, the 

People’s Republic of China has had 
a nationwide surveillance network 
for infl uenza, which as of 2005 has 
been reported on the Chinese Center 
for Disease Control and Prevention 
website (www.cnic.org.cn/ch/). This 
surveillance has shown a remarkable 
dual pattern of seasonal infl uenza on 
mainland China. Whereas a regular 
winter pattern is noted for northern 
China (similar to that in most parts of 
the Northern Hemisphere), the pattern 
in southern China differs. In southern 
China, infl uenza is prevalent through-
out the year; it has a clear peak in the 
summer and a less pronounced peak in 
the winter. Because this dual seasonal 
pattern of infl uenza has not been re-
ported outside China and is relevant to 
pandemic (H1N1) 2009, we describe 
surveillance data for rates of consulta-
tion for infl uenza-like illness (ILI) and 
infl uenza subtypes in patients with ILI. 
We emphasize the spread of infl uenza 
from southern to northern China.

Before it was extended in June 
2009, the National Infl uenza Surveil-
lance Network had been composed of 
63 infl uenza laboratories and 197 sen-

tinel hospitals across 31 provinces of 
mainland China. In 13 of 16 northern 
provinces, surveillance began from the 
week including October 1 and ended 
in the week including March 31 of the 
following year. In the 3 northern pro-
vincial areas of Liaoning, Tianjin, and 
Gansu and in all southern provinces, 
surveillance was conducted through-
out the year. Data consisted of infor-
mation about ILI cases and virus sub-
types. The sentinel hospitals defi ned 
ILI cases according to World Health 
Organization criteria: sudden onset 
of fever >38°C, cough or sore throat, 
and absence of other diagnoses (1). 
The number of ILI cases and the total 
number of outpatients at the sites (ILI 
consultation rate) were recorded each 
day and reported to the National Infl u-
enza Surveillance Information System 
each week.

Sentinel hospitals were required 
to collect 5–15 nasopharyngeal swabs 
each week from ILI patients who had 
not taken antiviral drugs and who 
had fever (>38°C) for no longer than 
3 days. The swabs were sent to the 
corresponding infl uenza laboratories 
for virus isolation and identifi cation; 
results were reported to the National 
Infl uenza Surveillance Information 
System within 24 hours.

From the National Infl uenza Sur-
veillance Network, a database of sur-
veillance information from April 2006 
to March 2009 was established. For 
infl uenza surveillance purposes, main-
land China was divided into northern 
and southern parts, basically follow-
ing the Qinling Mountain range in the 
west and the Huai River in the east. 
The prominent infl uenza peaks in the 
winter in the north and summer in the 
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Figure. Epidemic patterns, by month, from the surveillance data of the infl uenza-like illness 
(ILI) consulting rate and infl uenza subtypes in ILI patients in mainland China, per month, 
April 2006–March 2009. A) ILI percentages for northern (dashed lines) and southern (solid 
lines) mainland China, by age group. B) Average temperature and relative humidity. A color 
version of this fi gure is available online (www.cdc.gov/EID/content/16/4/725-F.htm).
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south were clear for adults and for 
children (Figure, panel A); the level of 
ILI was 3–5× for children. The infl u-
enza subtypes causing the 3 peaks in 
the north were preceded by a peak of 
the same subtypes in the south. During 
winter 2006–07, the infl uenza subtype 
was seasonal H1N1 and to a lesser 
extent H3N2. In winter 2007–08, the 
virus was B/Yamagata; and in 2008–
09, it was again seasonal infl uenza 
A (H1N1), which was almost absent 
in the south during April–December 
2007. Antigenic characteristics of the 
infl uenza virus from the north were 
similar to those from the south in 
the same epidemic episode (2). Fur-
thermore, infl uenza A (H3N2) was in 
southern China throughout the year, 
whereas in northern China, this sub-
type only showed a clear peak in the 
fi rst 2 winters of the study period. Sub-
type B/Victoria and B (unsubtyped) 
were both in northern and southern 
China in irregular and low numbers. 
Data from the 3 northern provincial 
areas with year-round surveillance 
confi rmed that infl uenza cases dur-
ing April–September were negligible 
(data not shown).

The infl uenza subtypes of sea-
sonal infl uenza A (H1N1) and B/
Yamagata that have caused the past 3 
summer peaks in southern China were 
followed by an epidemic of the same 
subtypes in northern China during the 
subsequent winter. This fi nding may 
indicate that these peaks are regular 
epidemic phenomena for seasonal in-
fl uenza in China. Another possible ex-
planation is that other subtypes were 
cocirculating with the predominant 
subtype at the time of epidemics.

The dual pattern of seasonal peaks 
for infl uenza is well-known for the 
Northern and Southern Hemispheres, 
but apparently it is also possible on 
1 side of the equator. China is a large 
country with climatic differences be-
tween north and south. Although most 
of southern China is above the Tropic 
of Cancer, it is warmer and more hu-
mid than northern China (Figure, pan-

el B), which may explain the different 
seasonal patterns within mainland 
China (3). Knowledge of the dual pat-
terns of infl uenza in China is relevant 
for determining effective control mea-
sures, and knowledge of the underly-
ing mechanisms of such patterns is 
relevant to understanding the epide-
miology of infl uenza in general.
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Avian Infl uenza 
Prevalence in Pigs, 

Egypt
To the Editor: Since 1996, avian 

infl uenza virus (H5N1) has spread to 
>65 countries (1). The disease repre-
sents a serious threat for the poultry 
industry and public health. Egypt has 
the highest human infection and fatali-
ty rates outside Asia (2). Some isolates 
of infl uenza virus (H5N1) in Egypt 
are resistant to oseltamivir (3), and in 
others, virulent mutations have devel-
oped, leading to case-fatality rates of 
100% (4).

Pigs have the largest epidemio-
logic role in the evolution of new in-
fl uenza viruses (5). Recombination 
between the newly emerged infl uenza 
virus subtypes H1N1 and H5N1 in 
pigs would have catastrophic results. 
We therefore investigated the sero-
prevalence of infl uenza virus (H5N1) 
in pigs in Egypt.

In May 2008, we collected 1 serum 
sample and 1 nasal swab from each of 
240 pigs (11 herds) in Cairo slums. 
May was selected because it directly 
follows the season of bird migration 
and the seasonal storms usually ac-
companied by airborne diseases. Cairo 
slums were selected because 1) pigs 
there feed on organic remains, includ-
ing dead birds, and thus have a higher 
chance of becoming infected; 2) Cairo 
is at the base of the Nile Delta, where 
most subtype H5N1 foci occurred; and 
3) Cairo is near Fayum, the main stop-
over site for migrating birds.
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To detect anti–avian infl uenza 
antibodies in the serum, we used he-
magglutination inhibition (HI) assays 
with 2 inactivated antigens: subtype 
H5N2 from the Veterinary Laborato-
ries Agency, UK; and a local subtype 
H5N1 prepared according to the pro-
tocol used in the central national labo-
ratories. To detect viral RNA in the 
nasal swabs, we used real-time PCR, 
as was recommended for detection 
of infl uenza (H5N1) infection during 
outbreaks in Southeast Asia (6).

Although all nasal samples re-
acted negatively to infl uenza A/H5 by 
real-time PCR, only 4 serum samples 
showed positive results by HI when 
using subtype H5N2 antigen; titers 
were 32 for 3 samples and 64 for 1. 
Seven additional positive serum sam-
ples were detected when antigen pre-
pared from local subtype H5N1 virus 
was used; titers ranged from 16 (6 
samples) to 512 (1 sample). Also dur-
ing this 2-week sampling period, titers 
of 32 for 3 samples and 128 for 1 were 
obtained. Seroprevalence rate of avian 
infl uenza for the 240 pigs was 1.67% 
and 4.6% when the nonlocal or local 
viral antigens, respectively, were used. 
Of the 11 positive pigs, 8 were from 1 
herd and 3 were from 3 other herds.

Failure to detect viral RNA in the 
upper respiratory tract indicates the 
absence of acute infections in the in-
vestigated pigs. Inability of the virus 
to persist in the pigs was reported (7). 
Contrary to the HI results, results of 
routine examination of the 240 pigs 
found no abnormalities. Absence of 
clinical signs in infected pigs was re-
ported (8) and was attributed to their 
low susceptibility to infl uenza (H5N1) 
(7). The results indicate that infection 
rate for pigs in Egypt is clearly higher 
than that for pigs in China and Vietnam 
(8,9). This increase may be attributed 
to different spatial and temporal fac-
tors leading to increased infection risk 
among sampled pigs, higher antigenic-
ity of native isolates, or most probably 
to the disease situation in Egypt. The 
detection of 8 positive reactors from 

1 herd indicates a subtype H5N1 fo-
cus there as was reported in Indonesia 
(8). The difference in the number of 
reactors when using different antigens 
indicates the difference in antigenic-
ity. These data are supported by fi eld 
observations regarding low protection 
level (≈35% in some reports) of im-
ported vaccines (A. El-Sayed, unpub. 
data). The relatively low seropreva-
lence of avian infl uenza in pigs may 
be misleading because of the poor im-
munogenicity of some avian infl uenza 
lines and lack of sensitivity for detect-
ing low titers of induced antibodies 
(10). It may be also explained by the 
use of a virus antigen other than that 
existing in the population, as was done 
in the present study.

Human risk for infl uenza (H5N1) 
infection in Egypt seems to be associ-
ated mainly with infected birds. It has 
not yet been associated with infected 
pigs.
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Triple Reassortant 
Swine Infl uenza A 

(H3N2) Virus in 
Waterfowl 

To the Editor: In 1998, a new 
lineage of triple reassortant infl uenza 
A (H3N2) virus (TR-H3N2) with 
genes from humans (hemmaglutinin 
[HA], neuraminidase [NA], and poly-
merase basic 1 [PB1]), swine (matrix 
[M], nonstructural [NS], and nucleo-
protein [NP]), and birds (polymerase 
acidic [PA] and PB2) emerged in the 
U.S. swine population. Subsequently, 
similar viruses were isolated from tur-
keys (1,2), minks, and humans in the 
United States and Canada (3,4). In 
2007, our national infl uenza surveil-
lance resulted in isolation of 4 swine-
like TR-H3N2 viruses from migratory 
waterfowl (3 from mallards [Anas 
platyrrhynchos] and 1 from a northern 
pintail [Anas acuta] of 266 birds sam-
pled) in north-central South Dakota. 
We report on the characterization of 
these TR-H3N2 viruses and hypothe-
size about their potential for interspe-
cies transmission.

Two of these isolates, A/mallard/
South Dakota/Sg-00125/2007 (H3N2) 
and A/northern pintail/South Dakota/
Sg-00126/2007 (H3N2), were recov-
ered from the birds sampled in north-
central South Dakota, 45°44′30′′N, 
98°16′30′′W; 2 isolates, A/mallard/
South Dakota/Sg-00127/2007(H3N2) 
and A/mallard/South Dakota/Sg-
00128/2007(H3N2), were sampled at 
45°46′30′′N, 98°15′30′′W. Viral RNA 
was extracted, reverse transcribed, 
and amplifi ed; all segments were se-
quenced in entirety and submitted to 
GenBank under the identifi ed virus 
names. Phylogenetic analysis showed 
signifi cant nucleotide identities (99%–
100%), differing only in 4 nucleotide 
positions: 1 each from PB1, PA, NP, 
and NS genes. Among 4 substitutions, 
3 were nonsynonymous (PA, NP, and 
NS), and 1 (PB1) was synonymous. 
A1725G substitution in PB1 was 

identifi ed in 2 isolates. C419T change 
was identifi ed in 3 isolates (Sg-00125, 
Sg-00126, and Sg-00128), resulting in 
substitution of threonine by phenyla-
lanine. Three isolates (Sg-00125, Sg-
00126, and Sg-00127) carried an A at 
residue 149 of the NP gene (leading to 
S50N change) and 1 isolate (Sg-00128) 
had a G at that position (encoding ser-
ine). G809A change was present in 
the NP gene of 3 isolates (Sg-00125, 
Sg-00127, and Sg-00128). Genomes 
of the 4 isolates had high nucleotide 
and amino acid identities (>98%) with 
North American swine TR-H3N2 virus 
(A/Swine/Iowa/533/99 [H3N2]). Phy-
logenetic analysis indicated that TR-
H3N2 waterfowl and North American 
TR-H3N2 swine isolates belonged to 
a single cluster. The H3N2 subtypes 
from avian and swine isolates of our 
sequencing projects belonged to dif-
ferent clusters (Figure). Deduced 
amino acid sequences of all segments 
showed that these virus isolates shared 
common themes in virulence determi-
nants to those previously reported for 
swine-like TR-H3N2 viruses (5).

Inasmuch as we identifi ed a swine 
lineage virus in waterfowl, we fi rst in-
vestigated laboratory contamination by 
using trace back and history of swine 
virus isolations during the time the 
surveillance samples were processed. 
No H3N2 subtype were isolated from 
swine sources in the Minnesota Vet-
erinary Diagnostic Laboratory during 
this period. Furthermore, phylogenetic 
analysis of all HA segment sequences 
from isolates obtained in that 4-month 
period confi rmed no contamination. 
We then investigated whether an eco-
logic niche existed for potential expo-
sure of waterfowl to pigs. We identifi ed 
a swine herd near the wildlife refuge 
area where the waterfowl sampling 
occurred. Pigs were housed outdoors, 
and the owner of this swine herd re-
ported that geese and ducks inhabit the 
water ponds/stock dams/slough area 
to which the pigs had access. Contact 
with the local veterinarian and the 
South Dakota Veterinary Diagnostic 

Laboratory indicated no recent reports 
of infl uenza A (H3N2) episodes in the 
swine herd. In addition, this herd was 
not vaccinated for swine infl uenza.

The mode of transmission of 
swine-origin virus to waterfowl is not 
clear. In previously published cases, 
where swine infl uenza viruses have 
been identifi ed in turkeys, the fl ocks 
were in close proximity to swine herds 
(2). Similarly, we identifi ed a swine 
herd in north-central South Dakota 
where all 4 waterfowl were sampled. 
Respiratory secretions from the pigs 
possibly could have spread to birds 
through aerosols or droplets. It is also 
likely that swine and waterfowl shared 
common water sources, which con-
tained feces from infl uenza-infected 
waterfowl or respiratory secretions 
from infl uenza-infected swine. This 
mode of infl uenza virus transmission 
from birds to pigs has been docu-
mented (6–9). Indeed, a waterborne 
source for transmission is most likely 
because infl uenza A virus can persist 
in water for several months depending 
on environmental factors such as pH, 
temperature, and salinity (10). Finally, 
because the swine herd in this area 
was housed outdoors in open pens, 
direct interaction with waterfowl was 
possible. 

In late 2008, serum samples 
were collected from this swine herd. 
Hemagglutination inhibition test (1) 
showed that 10 of 19 samples reacted 
with all 4 waterfowl isolates; titers 
ranged from 10 to >640. Although 
low titers may have occurred because 
pigs were exposed to heterologous 
cross-reactive viruses, the high titers 
in most animals with positive serum 
samples suggest exposure to an infl u-
enza (H3N2) virus similar to that re-
covered from the waterfowl. Our data 
emphasize the need to investigate the 
possible role of waterfowl in the main-
tenance and transmission of infl uenza 
A viruses to humans and to lower 
mammalian species. 
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Figure. Phylogenetic analysis of hemagglutinin (HA) sequences from waterfowl strains isolated in this study (boldface), based on the 
HA gene sequences. The evolutionary associations were inferred in MEGA4.0 (www.megasoftware.net) by using the neighbor-joining 
algorithm with the Kimura 2-parameter gamma model and 1,000 bootstrap replications (shown on branch bifurcations). A) Evolutionary 
distances of waterfowl isolates from swine and avian HA (H3) sequences from the Minnesota Center of Excellence for Infl uenza Research 
and Surveillance (MCEIRS) sequencing project or Minnesota Veterinary Diagnostic Laboratory (D-Lab) database. B) Phylogeny of 230 
strains, including Eurasian and North American lineages of infl uenza A (H3N2) viruses. Data suggest swine infl uenza virus (H3N2) ancestry 
in the waterfowl strains. GenBank accession numbers are shown. Scale bars indicate nucleotide substitutions per site.
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Ventilator-
associated 

Pneumonia and 
MRSA ST398, Italy

To the Editor: Methicillin-resis-
tant Staphylococcus aureus (MRSA) 
sequence type (ST)398 has become in-
creasingly common in livestock, par-
ticularly pigs, in some countries in Eu-
rope, such as Spain and Germany (1). 
In Italy, prevalences as high as 14% 
and 21.6% in pig-breeding facilities 
and meat-processing sites, respective-
ly, have been recently reported (1).

Possible association of MRSA in 
animals with infection in humans has 
been investigated. One study showed 
a strong relationship between con-
tact with pigs or calves and carriage 
by persons having direct contact with 
animals and families of persons who 
handle animals (2). Moreover, an 
MRSA prevalence >11.9% has been 
described by de Boer et al. (3) in meat, 
with 85% of isolates belonging to the 
ST398 lineage.

MRSA ST398 has been described 
as a lineage with limited virulence and 
ability to spread between humans, but 
severe clinical manifestations, such 
as wound infections and endocardi-
tis, have been recently attributed to 
this clone (1,4). Cases of nosocomial 

ventilator-associated pneumonia have 
also been reported in Germany (1). 
Moreover, an outbreak of infection 
with MRSA ST398 occurred in a sur-
gical ward of a hospital in the Nether-
lands in 2007 (5).

MRSA ST398 is an infrequent 
cause of human infections in Italy. 
No isolates belonged to this lineage 
in 2 studies of MRSA in Italy during 
2006–2007 (6) or in hospitals during 
1990–2007 (7). Only 1 invasive infec-
tion has been recently reported in a 
pig farm worker (8). We report a case 
of ventilator-associated pneumonia 
caused by MRSA ST398 in a patient 
in Palermo, Italy. The patient and his 
household members did not report any 
exposure to companion or livestock 
animals.

The case-patient was a 78-year-
old man admitted to a cardiac intensive 
care unit (ICU) of ARNAS Ospedale 
Civico Di Cristina e Benfratelli in Pal-
ermo on January 31, 2009, because of 
a recent history of unstable angina pec-
toris and acute anemia caused by duo-
denal ulcers. After cardiocirculatory 
arrest, he was transferred to a general 
ICU on February 3. The patient had 
type 2 diabetes and ischemic-hyper-
tensive cardiomyopathy. MRSA nasal 
colonization at admission was not in-
vestigated because the patient lacked 
risk factors for screening at admission, 
e.g., antimicrobial drug therapy, hos-
pitalization for >48 hours or time in a 
long-term care facility within the past 
6 months, need for long-term nursing 
care, presence of indwelling devices, 
or chronic skin lesions.

The clinical course of the pa-
tient’s illness was characterized by 
serious hemodynamic instability and 
diffi culty in weaning from mechani-
cal ventilation. Two bronchial aspirate 
specimens were cultured on February 
4 and 9, when he was being treated 
with a third-generation cephalosporin 
(ceftriaxone). These cultures showed 
Staphylococcus epidermidis and S. 
saprophyticus. On the 14th day in 
the ICU, clinical signs of ventilator-

associated pneumonia developed in 
the patient. He had increased sputum 
production, fever (38.8°C), leukocyto-
sis, and infi ltrates were seen on a chest 
radiograph.

Empiric antimicrobial drug thera-
py with glycopeptides and a β-lactam/
β-lactamase inhibitor combination was 
started. Culture of bronchial secretions 
yielded MRSA that was susceptible 
to glycopeptides, rifampin, linezolid, 
macrolides, and sulfamethoxazole and 
resistant to fl uoroquinolones and tet-
racyclines. Three days later, linezolid 
was given, but the patient died after an 
acute myocardial infarction.

The isolate was identifi ed geneti-
cally by mecA PCR. It was not typeable 
by pulsed-fi eld gel electrophoresis after 
digestion with SmaI, negative for Pan-
ton-Valentine leukocidin, and carried 
staphylococcal cassette chromosome 
mec (SCCmec) type IVa (9). Multilo-
cus sequence typing, performed ac-
cording to a recommended procedure 
(http://saureus.mlst.net/misc/info.asp), 
identifi ed the isolate as ST398.

A 1-year epidemiologic survey on 
MRSA isolates from 4 general hospi-
tals in Palermo, which had begun on 
February 2009, did not identify any 
MRSA isolate carrying SCCmec type 
IV or V in patients admitted to the 
ICU until September 2009. However, 
colonization or infection by MRSA 
ST398 in the ICU patients before the 
study period could not be ruled out. 
Although an MRSA screening policy 
for the ICU staff members was not be-
ing carried out, a nosocomial chain of 
transmission appeared to be unlikely.

Our results indicate that a new 
zoonotic clone of MRSA is emerg-
ing as a potential cause of serious hu-
man infections. Screening at hospital 
admission would likely help efforts 
to determine whether exposure to pet 
animals and livestock had occurred. 
However, the absence of specifi c ex-
posure to zoonotic clonal lineages, 
as in our case-patient, is a matter of 
concern in terms of screening and 
contact tracing policy for MRSA in-
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fections. Prevalence of MRSA and 
distribution of MRSA sequence types 
in livestock in Italy are not known. 
However, surveys of foods of animal 
(pig) origin have showed an MRSA 
prevalence of 3.7% (1,10). In view of 
the low prevalence of MRSA ST398 
in patients with no exposure to ani-
mals, food products currently seem to 
play a negligible role. However, this 
clone is likely spreading because of 
the large animal reservoir of ST398 
and the global market for meat and 
livestock. The changing epidemiology 
of MRSA indicates that collaborative 
surveillance plans integrating human 
and animal information should be 
increased.
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Panton-Valentine 
Leukocidin–Positive 

MRSA, Shanghai, 
China

To the Editor: The development 
of methicillin resistance in community 
strains of Staphylococcus aureus is a 
notable step in the evolution of this 
pathogen. Unlike their equivalents in 
the hospital environment, community-
associated methicillin-resistant S. au-
reus (CA-MRSA) strains tend to cause 
infections in children and young adults 
who have few known healthcare risks 
(1). CA-MRSA strains usually pos-
sess the Panton-Valentine leukocidin 
(PVL) genes and staphylococcal cas-
sette chromosome (SCC) mec type IV 
or V (1,2).

We studied 72 S. aureus iso-
lates (49 MRSA and 23 methicillin-
susceptible [MSSA]) by pulsed-fi eld 
gel electrophoresis and by SCCmec, 
staphylococcal protein A (spa), and 
multilocus sequence typing (1,3). 
These isolates were recovered from 
clinical specimens (52 respiratory 
specimens, 9 wound, 4 urine, 2 blood, 
and 5 other body fl uids) from 72 pa-
tients treated in 5 district hospitals in 
Shanghai, People’s Republic of China, 
during October 2005 through January 
2007. The isolates were randomly 
chosen. In the hospitals, ≈1,000 S. au-
reus isolates were recovered annually 
during the time period of our study. 
The 5 hospitals are estimated to serve 
a population of 3.4 million, equivalent 
to one fourth of the total population in 
Shanghai. Hospital D is a children’s 
hospital. The other 4 hospitals (A, B, 
C, and E) have all the major clinical 
specialties, emergency departments, 
and outpatient clinics.

The isolates were identifi ed as S. 
aureus by Gram stain, latex aggluti-
nation (Slide StaphPlus; bioMérieux, 
Marcy l’Etoile, France), and tube co-
agulase, mannitol, ornithine, and de-
oxyribonuclease reactions (1,4). Me-
thicillin resistance in the isolates was 

 Emerging Infectious Diseases • www.cdc.gov/eid • Vol. 16, No. 4, April 2010 731 



LETTERS

detected by cefoxitin disc screening 
and confi rmed by mecA PCR (1,4). For 
patients with PVL-positive MRSA, 
the computerized discharge records in 
the hospitals were retrospectively re-
viewed to ascertain demographic and 
clinical information. A MRSA case 
was considered to be community as-
sociated if it was isolated from an out-
patient or within 2 days of a patient’s 
hospitalization. Exclusion criteria 
included a history of hospitalization 
for illness (except birth), surgery, or 
dialysis in the previous year or the 
presence of indwelling catheters or 
other medical devices (1). Conversely, 
healthcare-associated MRSA was de-
fi ned by isolation >2 days after hos-
pitalization or presence of any of the 
aforementioned healthcare risks.

PVL genes were detected in 9 
(18.4%) of the 49 MRSA isolates (Ta-
ble) and 4 (17.3%) of the 23 MSSA 
isolates. The 9 MRSA case-patients 
included 8 infants with pneumonia and 
1 adult with prostatitis. Pulsed-fi eld 
gel electrophoresis clustered 8 of the 
9 PVL-positive MRSA isolates into 2 
groups: 6 isolates as SH100 and 2 iso-
lates as SH200. Strains of SH100 were 
spa type/MLST-SCCmec type t318/
ST30-IV or t318/ST1114-V, and SH200 

strains had t1376/ST88-V. Similar to the 
PVL-positive MRSA isolates, a limited 
number of spa types were found among 
the 40 PVL-negative MRSA isolates. 
These were t037/ST239-III (n = 19), 
t002/ST5-II (n = 14), t030/ST239-III (n 
= 5), t459/ST239-III (n = 1), and t1764/
ST88-IV (n = 1).

In contrast, spa and sequence 
types (STs) among the 23 MSSA iso-
lates were highly diverse. There were 
20 spa types and 14 STs, giving a total 
of 20 distinct patterns. Three patterns 
(t091/ST7, t3388/ST630, t3389/ST15) 
had 2 isolates, and 17 patterns (t002/
ST5, t1077/ST121, t127/ST1, t1376/
ST88, t189/ST188, t2024/ST30, t2092/
ST121, t2207/ST1206, t2471/ST25, 
t258/ST25, t3383/ST20, t3386/ST630, 
t377/ST630, t437/ST1205, t548/ST5, 
t701/ST6, t796/ST7) had 1 isolate only. 
The 4 PVL-positive MSSA isolates 
were t1376/ST88, t2471/ST25, t258/
ST25, and t3383/ST20.

Mupirocin resistance rates among 
the PVL-positive and PVL-negative 
MRSA isolates were 33.3% (3/9) and 
7.5% (3/40), respectively (p = 0.07). 
All MSSA isolates were susceptible to 
mupirocin.

It is notable that of the 9 PVL-pos-
itive MRSA isolates, 8 of them came 

from hospital D and all were from 
children 1–4 months of age. Others 
have noted that the epidemiology of 
MRSA differs for children and adults 
(1,2,7,8). Molecular typing showed 
that the PVL-positive CA-MRSA iso-
lates were attributed to 2 clones with 
genotypes t318/ST30-IV (or t318/
ST1114-V) and t1376/ST88-V. Detec-
tion of t318/ST30 strains in 4 patients 
with healthcare-associated infections 
suggested hospital transmission of 
this CA-MRSA clone, corroborating 
reports elsewhere (9). Worldwide, 
ST30 is a common CA-MRSA genetic 
lineage (1,2). Besides t318, strains re-
lated to the ST30 clone have been re-
ported to be spa types t019, t021, and 
t1273 (2).  ST88 PVL-positive MRSA 
is relatively less common but has been 
found in Wenzhou (People’s Republic 
of China), Bangladesh, Belgium, and 
Nigeria (2,7,8,10).

Because the number of isolates 
tested in this study is relatively small, 
no fi rm conclusion could be drawn 
on the prevalence of PVL-positive 
CA-MRSA among S. aureus isolates. 
Nonetheless, our fi ndings agree with 
previous reports that the genotypes of 
MSSA isolates are more diverse than 
are those for PVL-positive and -nega-
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Table. Epidemiologic and microbiologic characteristics for Panton-Valentine leukocidin–positive MRSA infections in 9 case-patients, 
Shanghai, People’s Republic of China, 2006* 

Strain Age/sex 
Admission

month Onset Diagnosis† 
Resistance 

pattern‡ 
Resistance 

determinants§ ST§ SCCmec 
spa 
type PFGE 

D8 1 mo/F Feb HA Pneumonia Chl, Ery, 
Gen, Mup 

aacA-aphD, ermC, 
ileS-2 

ST30 IV t318 SH100 

D9 1 mo/F Feb CA Pneumonia Gen, Mup aacA-aphD, ileS-2 – IV t318 SH100 
D13 1 mo/M Mar HA Pneumonia Gen aacA-aphD – IV t318 SH100 
D14 3 mo/M Mar CA Pneumonia Gen aacA-aphD – IV t318 SH100 
D16 1 mo/M Mar CA Pneumonia Gen, Mup aacA-aphD, ileS-2 – IV t318 SH100 
D12 3 mo/F Mar HA Pneumonia Ery ermC ST1114 V t318 SH100 
A18 29 y/M Mar HA Prostatitis None – ST30 IV t3384 Singleton 
D7 1 mo/F Jan CA Pneumonia Ery, Gen aacA-aphD, ermC ST88 V t1376 SH200 
D18 4 mo/M Apr CA Pneumonia Ery, Gen aacA-aphD, ermC – V t1376 SH200 
*Strains are designated by hospital code and strain number. MRSA, methicillin-resistant Staphylococcus aureus; ST, sequence type; SCC, staphylococcal 
cassette chromosome; spa, staphylococcal protein A; PFGE, pulsed-field gel electrophoresis; HA, healthcare-associated; Chl, chloramphenicol; Ery, 
erythromycin; Gen, gentamicin, Mup, mupirocin; acA-aphD, aminoglycoside resistance gene encoding the bifunctional enzyme, 6'-aminoglycoside  
N-acetyltransferase/2′′-aminoglycoside phosphotransferase; ermC, gene encoding macrolide-lincosamide-streptogramin B resistance; ileS-2, gene 
encoding high-level mupirocin resistance mediated by isoleucyl tRNA-synthetase; CA, community-associated. 
†According to the diagnosis given in the computerized record. In the 8 children, MRSA was isolated from sputum specimens. One child also had MRSA 
isolated from pleural fluid. Because limited information was provided in the computerized records, some of the isolations may represent respiratory 
colonization. The outcomes of the 8 children were unknown. 
‡According to disk diffusion test (1,5). 
§Determined by PCR as described (4,6). ST30 (allelic profile 2–2-2–2-6–3-2) and ST114 (139–2-2–2-6–139–2) belonged to clonal complex 30. 
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tive MRSA isolates and that genotypes 
for some CA-MRSA strains are shared 
by a few of the MSSA strains (1).
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Clostridium diffi cile 
in Ground Meat, 

France
To the Editor: Clostridium dif-

fi cile is a toxigenic enteropathogen re-
sponsible for 15%–20% of antimicro-
bial drug–associated diarrhea and for 
almost all cases of pseudomembranous 
colitis. Two protein toxins (TcdA and 
TcdB) play a major role in the patho-
genesis of infections. C. diffi cile is also 
recognized as a cause of disease in 
several animal species, which could be 
potential reservoirs (1). In the past few 
years, the presence of C. diffi cile in 
raw diets for dogs and cats and in retail 
meat sold for human consumption has 
been reported in the United States and 
Canada at rates from 6% to 42% (2–5). 
To determine C. diffi cile contamina-
tion of meat in France, we evaluated 
105 packages of ground beef (vacuum 
packed or not), 59 pork sausages, and 
12 packages of feline raw diet meat 
purchased from 20 urban and suburban 
Paris retail stores and supermarkets 
during September 2007–July 2008. 

C. diffi cile spores or vegetative 
forms in samples were found as de-
scribed by Rodriguez-Palacios et al. 
(4). Briefl y, 5 g of each sample was 
cultured in 100 mL of prereduced 
brain–heart infusion (BHI) broth sup-
plemented with cefoxitin (10 μg/mL), 
cycloserine (250 μg/mL), and tauro-
cholate (0.1%). After the samples were 
incubated under anaerobic conditions 
at 37°C for 72 h, subculturing with 
and without alcohol shock for spore 
selection was performed. The BHI 
broth culture was treated with 2 mL of 
absolute ethanol (1:1 vol/vol) for 30 
min and centrifuged at 3,800 × g for 
10 min, and the pellet was resuspend-
ed in 200 μL of prereduced BHI broth. 
Serial dilutions of the BHI broth and 
the pellet were injected onto Colum-
bia cysteine agar supplemented with 
cefoxitin-cycloserine, taurocholate, 
and 5% horse blood and incubated an-
aerobically for 48 h at 37°C.
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C. diffi cile colonies were identi-
fi ed classically, and susceptibilities to 
moxifl oxacin, teicoplanin, vancomy-
cin, metronidazole, linezolid, levo-
fl oxacin, telithromycin, erythromycin, 
and lincomycin were determined by 
the agar disk-diffusion methods de-
scribed by the French Society for Mi-
crobiology (www.sfm.asso.fr). PCR 
amplifi cations of a species-specifi c 
internal fragment of the triose phos-
phate isomerase (tpi) gene, an internal 
fragment of the toxin B (tcdB) gene, 
and the 3′ region of the toxin A (tcdA) 
gene were performed as described by 
Lemee et al. (6). Strains were charac-
terized by toxinotyping according to 
Rupnik et al. (7) and PCR-ribotyping 
as described by Bidet et al. (8).

The detection threshold of the 
enrichment method was established 
by spiking known uninfected samples 
(ground beef, pork sausage, and fe-
line raw diets) with vegetative cells 
and spores of C. diffi cile (VPI 10463 
strain). For ground beef samples, the 
detection thresholds for vegetative 
forms and spores were 2 CFU/5 g and 
4.5 CFU/5 g of meat, respectively. For 
pork sausages, the detection thresh-
olds were 14 CFU/5 g and 38 CFU/5 
g of sample after 72 h, for vegetative 
forms and spores, respectively. For fe-
line raw diets, the detection threshold 
of spores was 2 CFU/5 g of sample. In 
addition, toxin B was detected in the 
culture supernatants by the cytotoxic-
ity assay onto MRC-5 cells. Toxin de-
tection showed 100% agreement with 
the culture method.

C. diffi cile was not detected in 
pork sausages or in commercial feline 
raw diets. C. diffi cile was isolated from 
2 (1.9%) of 105 ground beef, but only 
from those packages that were vacuum 
packed. The anaerobic atmosphere of 
vacuum packaging could facilitate the 
survival of C. diffi cile and the germi-
nation of spores. These 2 isolates were 
fully susceptible to moxifl oxacin, tei-
coplanin, vancomycin, metronidazole, 
and linezolid but resistant to levo-
fl oxacin, telithromycin, erythromycin, 

and lincomycin. They harbored genes 
encoding for Tpi protein and for TcdA 
and TcdB. The 2 strains belonged to 
the toxinotype 0 and PCR-ribotype 
012. Toxinotype 0 was already iden-
tifi ed in meat samples in Canada (4). 
PCR-ribotype 012 belongs to the 10 
ribotypes most frequently isolated 
from humans (9).

The prevalence of C. diffi cile in 
ground meat in France is low com-
pared with the prevalence reported 
by other countries. In Canada, Rodri-
guez-Palacios et al. (4) studied 60 beef 
samples and found the prevalence of 
C. diffi cile to be 20%. These same 
authors, by using a broader sampling 
scheme (214 meat samples), isolated 
C. diffi cile from 6% of the samples 
(5). Also in Canada, Weese et al. (10) 
reported that 12% of ground beef and 
ground pork samples were contami-
nated. In the United States, C. dif-
fi cile was isolated from 42% of meat 
samples (beef, pork, and turkey prod-
ucts) (3).

For a better understanding of the 
sources of C. diffi cile in France, it 
would be interesting to determine its 
prevalence in different animal fecal 
samples and the toxinotypes associ-
ated with animals. The low prevalence 
in retail meat in France could result 
from hazard analysis critical control 
point principles and microbiologic 
quality controls implemented through-
out the food production chain, which 
help reduce the spread of C. diffi cile 
and minimize the risk for infection for 
the consumer.
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WUPyV in Children 
with Acute 

Respiratory Tract 
Infections, China

To the Editor: WU polyomavirus 
(WUPyV) is a human polyomavirus 
fi rst detected in respiratory samples 
in 2007 (1). It has since been detect-
ed worldwide (2–7), including the 
People’s Republic of China (8), but 
whether it is a causative respiratory 
pathogen remains speculative. To in-
vestigate the potential role of WUPyV 
in respiratory diseases and its preva-
lence in Tianjin, China, we examined 
samples obtained from children with 
upper respiratory tract infections (UR-
TIs) and lower respiratory tract infec-
tions (LRTIs) by using PCR for the 
VP2 and LTAg genes, as described 
previously (1). As a control, we also 
tested samples from patients who did 
not have respiratory diseases. 

Case-patients were 174 inpatients, 
hospitalized for LRTIs March–April 
2008 and September 2008–February 
2009, and 68 outpatients treated for 
URTIs November–December 2009 at 
Tianjin Children’s Hospital. Controls 
were 43 outpatients with illnesses 
other than respiratory diseases treated 
at Tianjin Xianshuigu Hospital. Most 
patients with LRTIs had pneumonia 
or bronchitis. Case-patient age ranged 
from 3 hours to 12 years; for 1 patient, 
age was unknown (Table). Nasopha-
ryngeal aspirate samples were col-
lected from hospitalized children, and 
throat swabs were obtained from out-

patients with URTIs and from control 
children.

Of the 174 nasopharyngeal aspi-
rate specimens tested, 28 (16%) had 
WUPyV VP2 gene–positive frag-
ments; 24 had LTAg gene–positive 
fragments. Four VP2-positive but 
LTAg-negative fragments were se-
quenced; nucleotide sequences were 
identical to WUPyV strains in Gen-
Bank. Mean age of WUPyV-infected 
patients was 11.7 months (range 12 
days–39 months); 10 patients (36%) 
were <6 months of age, 10 (36%) 
were 6 months–1 year, 7 (25%) were 
1–2 years, and 1 (4%) was 2–5 years 
of age. The age distribution was simi-
lar to that of the original cohort. We 
found WUPyV-positive samples in 
most months, except for March 2008. 
Highest proportion of WUPyV-pos-
itive samples occurred in December 
2008 (27%), followed by April 2008 
(25%), November 2008 (22%), and 
February 2009 (19%).

We detected WUPyV VP2 frag-
ment–positive specimens by multi-
PCR using the Seeplex RV Detection 
kit-1 (Seegene, Seoul, South Korea) 
for other respiratory viruses, includ-
ing adenovirus, parainfl uenza viruses 
1, 2, 3 (PIV1, 2, 3), infl uenza viruses 
A and B, rhinovirus (rhinovirus V), 
human metapneumovirus, respiratory 
syncytial virus A and B (RSV A, B), 
and coronaviruses OC43/HKU1 and 
229E/NL63, according to the manu-
facturers’ instructions. First strands 

of cDNA were produced by using the 
RevertAid First Strand cDNA Synthe-
sis Kit (Fermentas, Glen Burnie, MD, 
USA). Human bocavirus (HBoV) was 
tested as described previously (9).

Twenty (71%) case-patients were 
co-infected with other respiratory vi-
ruses, most commonly RSV B (9/28, 
32%), followed by HBoV (6/28, 21%), 
rhinovirus V and PIV3 (4 each of 28, 
14%), human metapneumovirus (3/28, 
11%), adenovirus and infl uenza A (2 
each of 28, 7%), and 229E (1/28, 4%). 
Of 20 patients with co-infections, 14 
(50%) were infected with 2 viruses; 
2 (7%) with 3 viruses (WU, RSV B, 
PIV3; and WU, infl uenza virus, A, 
HBoV); 3 (11%), with 4 viruses (WU, 
RSV B, PIV3, infl uenza A; WU, RSV 
B, PIV3, HBoV; and WU, RSV B, rhi-
novirus V, HBoV); and 1 (4%), with 
5 viruses (WU, RSV B, PIV3, BoV, 
rhinovirus V).

Three (4%) of 68 throat swabs 
from outpatients with URTIs were 
WUPyV positive, substantially low-
er than from inpatients with LRTIs. 
Among 3 WUPyV-positive case-
patients, 2 were 2 years of age and 1 
was 3. No WUPyV was detected in 43 
control samples.

The prevalence of WUPyV in 
hospitalized children with acute respi-
ratory tract infections in Tianjin was 
16.1%, higher than 7.1% found in a 
study in the United States (3); 4.9% 
in Germany (4); 4.5% in Australia 
(5); 6.29% in Thailand (6); and 2.2% 
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Table. Age distribution of children infected with WU polyomavirus, Tianjin, People’s 
Republic of China, 2008–2009* 

Age
Inpatients with 

LRTIs
Outpatients with 

URTIs 
Children without 

respiratory diseases 
Mean ± SD, y 10.2 ± 16.1 5.96 ± 3.69 7.56 ± 4.25 
Median age, y 0.4 5.0 7.0
Age group 
 <6 mo 95 (54.6) 1 (1.5) 0
 6 mo–<1 y 52 (29.9) 1 (1.5) 0
 1–<2 y 15 (8.6) 3 (4.4) 2 (4.6) 
 2–5 y 9 (5.2) 25 (36.8) 11 (25.6) 
 >5 y 2 (1.1) 38 (55.9) 30 (69.8) 
 Unknown 1 (0.6) 0 0
Total 174 (100.0) 68 (100.0) 43 (100.0) 
* LRTIs, lower respiratory tract infections; URTIs, upper respiratory tract infections. Values are no. 
(%) unless otherwise indicated.  
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in Lanzhou, China (8). Variation may 
be due to different geographic and 
age distributions of the virus. Anoth-
er study reported that frequencies of 
WUPyV in URTIs (6.7%) and LRTIs 
cases (7.1%) were comparable (10). 
However, we found the incidence 
of WUPyV in patients with LRTIs 
(16.1%) was higher than in patients 
with URTIs (4.4%). Among WUPyV-
infected patients with LRTIs, 71.4% 
were <1 year of age, which was com-
parable to populations investigated in 
other studies (2,3,6). Although ≈60% 
of outpatients with URTIs were >5 
years of age, none was WUPyV posi-
tive. This fi nding suggests WUPyV 
may play a major role in young chil-
dren, especially infants, with LRTIs.

Most WUPyV infection has been 
detected during later winter and early 
spring (2,4,5) although other research 
showed no seasonal distribution (6). 
We found 2 peaks, in April and De-
cember 2008 (L. Xiaoyan et al., unpub. 
data). We also detected 1 WUPyV-in-
fected case in September 2008, which 
suggests WUPyV could also occur in 
summer months.

Frequency of WUPyV co-infec-
tion with other pathogens varied from 
42.1% to 79.7% (4–6). Although we 
showed a co-infection rate of 71.4%, 
there were 8 (28.6%) of 28 patients 
with respiratory illness in whose 
specimens we detected only 1 virus, 
WUPyV. No WUPyV was detected 
in samples from 43 control patients, 
whereas in patients with LRTIs and 
URTIs, infection rates were 16.1% 
and 4.4%, respectively. These fi nd-
ings suggest WUPyV may be a po-
tential pathogenic agent in children 
with acute respiratory tract infections. 
More comprehensive case–control in-
vestigations are needed to determine 
the association of WUPyV infections 
with respiratory diseases.
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Intestinal 
Capillariasis, 

Western Mindanao, 
the Philippines 
To the Editor: Capillariasis is 

caused by the foodborne nematode 
Capillaria philippinensis. Infection 
causes severe diarrhea and protein loss 
resulting in dehydration, cachexia, 
and eventually death. Infected patients 
may also have borborygmi, abdominal 
pain, weight loss, anorexia, vomiting, 
and bipedal edema (1).

C. philippinensis was fi rst report-
ed in 1963 in Bacarra, Ilocos Norte 
Province in the northern Philippines 
(2). Since then, additional endemic 
foci of C. philippinensis have been 
identifi ed. The most recent focus is in 
Monkayo, Compostela Valley, in the 
southern Philippines (3). In the past 
several years, suspected unconfi rmed 
cases have been reported from Zam-
boanga del Norte Province in western 
Mindanao. In 1999, an epidemic of 
gastroenteritis in Piñan Municipality 
was reported; it resulted in 42 deaths. 
The schistosomiasis team of the De-
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partment of Health Regional Offi ce 
conducted stool examinations and sus-
pected the presence of Capillaria ova 
in symptomatic patients (4). In No-
vember 2007, several deaths caused 
by chronic diarrhea were reported in 
Siayan Municipality. These deaths 
were attributed to capillariasis, but 
their cause was never confi rmed (5).

In February 2008, we obtained 
205 stool specimens from residents of 
Katipunan who had a history of diar-
rhea of >2 weeks duration and abdom-
inal disturbance. These samples were 
processed by using the formalin–ether 
concentration technique (6) and ex-
amined by expert microscopists. One 
hundred fi fty-one (73.3%) persons 
were infected with >1 organism; 67 
(32.5%) had 1 parasitic infection and 
84 (40.8%) had multiple parasitic in-
fections. Ninety-one (44.2%) persons 
had >1 soil-transmitted helminth in-
fection, and 93 (45.2%) had >1 pro-
tozoan infection. Ten (4.9%) persons 
were confi rmed to have Capillaria 
infections. The distribution of organ-
isms observed is shown in the Table.

Among the 10 persons who had 
capillariasis, 8 were from Baran-
gay (smallest adminstrative region) 
Matam, 1 from Barangay Dabiak, and 
1 from Barangay Carupay, a nearby 
barangay. Six cases were in male pa-
tients and 4 were in female patients. 
Ages of infected persons ranged from 5 
to 54 years (mean 29.2 years, SD 17.1 
years). Three of the reported case-pa-
tients (a 5-year-old boy, an 8-year old 
boy, and a 48-year-old woman) were 
from the same household.

A total of 24 persons in Katipu-
nan were interviewed regarding his-
tory of capillariasis and their eating 
habits. Fourteen residents reported 
having eaten kinilaw (raw freshwater 
fi sh soaked in vinegar and garnished 
with salt, ginger, and lime). Seven of 
the persons interviewed had a diagno-
sis of capillariasis, and 6 had >1 rela-
tive with a diagnosis of capillariasis. 
All of the previously diagnosed case-
patients were treated with albendazole 
(400 mg tablets). Most patients were 
instructed to take 1 tablet 1×/day for 
20 days; others were instructed to take 
1 tablet 2×/day for 5 or 10 days.

The drug of choice for treating 
patients with capillariasis is mebenda-
zole, 200 mg 2×/day for 20–30 days. 
An alternative treatment is albenda-
zole, 400 mg 1×/day for 10 days (7,8). 
Variations in the treatment regimen 
used for patients with capillariasis at 
the study site suggest a need to train 
health professionals on the diagnosis, 
treatment, and follow-up of cases, and 
on disease prevention and control. 
Guidelines on proper laboratory tech-
niques for diagnosis of capillariasis; 
treatment protocols and supportive 
measures; and protocols for detection, 
follow-up, and treatment for relapse 
cases must be developed.

Rates of infection with protozoans 
and soil-transmitted helminths at the 
study site are high, which indicate fe-
cal contamination of food and water. A 
review of records from the Katipunan 
rural health unit indicated that 76% of 
households in this municipality have 
access to toilets. Only 11% of house-

holds have water connections (level 
III). Fifty-seven percent of households 
have access to communal faucets 
(level II), and 31% have access only 
to rivers or springs (9). Therefore, in-
creased access to toilets and safe water 
is needed. Local ordinances concern-
ing ownership and use of toilets must 
be strictly enforced, and evaluation 
and rehabilitation of existing toilet and 
water systems must be conducted.

In spite of efforts concerning in-
formation, education, and communi-
cation on capillariasis, many residents 
continue to eat raw or poorly cooked 
freshwater fi sh. Concurrent infection 
among household members, includ-
ing those in younger age groups, was 
observed in this study. These fi ndings 
result from the fact that consumption 
of kinilaw has become widely accept-
ed and is consumed as a viand (choice 
food) by families. Thus, information, 
education, and communication cam-
paigns must be intensifi ed. A promis-
ing approach is through collaboration 
with other agencies. For example, the 
Department of Education in the Philip-
pines may become involved in dissem-
ination of information on capillariasis 
to students and in early detection and 
treatment of infected school children.
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Table. Parasites detected in Katipunan, Zamboanga del Norte, the Philippines, 
February 2008* 
Parasite No. (%) 
Trichuris trichiura 64 (31.1) 
Entamoeba coli 49 (23.8) 
Ascaris lumbricoides 46 (22.3) 
Endolimax nana 14 (19.9) 
Hookworm 34 (16.5) 
Blastocystis hominis 21 (10.2) 
Giardia lamblia 19 (0.2) 
Entamoeba histolytica 14 (6.8) 
Capillaria philippinensis 10 (4.9) 
*A total of 205 parasites were detected by using the formalin–ether concentration technique. 
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Buruli Ulcer 
Lesions in HIV-
Positive Patient 
To the Editor: Mycobacterium 

ulcerans disease (Buruli ulcer) is a 
neglected and emerging tropical dis-
ease (1). It often leads to extensive 
destruction of skin and soft tissue with 
the formation of large ulcers (2). In 
2004, the World Health Organization 
(WHO) recommended the combina-
tion treatment of rifampin/streptomy-
cin for patients with this disease (3). 
According to WHO, development of 
new antimicrobial drug treatment is 
one of the major advances since the 
establishment of the Global Buruli 
Ulcer Initiative (1). Treatment with 
rifampin/streptomycin for >4 weeks 
can inhibit the growth of M. ulcerans 
in preulcerative lesions (4). In other 
patients, despite 4 weeks of treatment, 
lesions may deteriorate. Whether this 
treatment is less effi cacious in persons 
with HIV infection is unknown.

In August 2008, a 35-year-old 
man was referred to the Medical Cen-
tre of the Democratic Republic of 
Congo for assessment of chronic ul-
cers. Lesions had appeared 12 months 
earlier when the patient was living in 
Kafufu/Luremo, a new focus of Buruli 
ulcer in Angola (5). Tissue specimens 
were subjected to Ziehl-Neelsen stain-
ing, culture, and PCR. All results were 
positive for M. ulcerans. Histopatho-
logic analysis of formalin-fi xed tissue 
confi rmed the diagnosis of active Bu-
ruli ulcer. We treated the patient with 
a combination of rifampin (10 mg/kg/
day, orally) and streptomycin (15 mg/
kg/day, by intramuscular injection). 
Wound dressings containing an aque-
ous solution of chloramine/metron-
idazole/nitrofurantoine were changed 
daily (6). For logistic reasons, surgery 
(large excision) under general anes-
thesia was not possible.

Characteristics of the patient are 
shown in the online Technical Appen-
dix (www.cdc.gov/EID/content/16/4/

738-Techapp.pdf). At the start of treat-
ment, the patient had a large ulcer on 
the right leg and thigh, a nodule 2 
cm in diameter on the left thigh, and 
a plaque 8 cm in diameter on the left 
thigh. After 2 weeks of treatment, the 
size of the large ulcer had increased. 
After 4 weeks, the nodule became an 
ulcer 6 cm in diameter, and the plaque 
became a large ulcer 15 cm in diameter 
with a satellite ulcer 2 cm in diameter. 
After 8 weeks, we observed enlarge-
ment of all lesions and the appearance 
of an ulcer on the left wrist. Treatment 
was continued for an additional 4 
weeks (total 12 weeks). Radiologic in-
vestigation did not disclose any bone 
destruction.

The patient was positive for HIV 
by the Determine HIV-1/2 test (Ab-
bott Laboratories, Dainabot Co. Ltd., 
Tokyo, Japan), the Uni-Gold HIV 
test (Trinity Biotech PLC, Bray, Ire-
land), and the Genie II HIV-1/HIV-2 
test (Bio-Rad, Marnes-la-Coquette, 
France). Results of PCR for M. ulcer-
ans and Ziehl-Neelsen staining were 
positive for all specimens obtained 
during the 8 weeks of initial treat-
ment. The patient died 2 weeks after 
treatment ended, just when antiretro-
viral treatment had been scheduled to 
begin.

Although the patient did not re-
spond clinically to treatment with 
rifampin/streptomycin, whether the 
treatment also failed microbiological-
ly is more diffi cult to prove. Results of 
PCRs performed during treatment re-
mained positive. However, PCR does 
not differentiate between living and 
dead M. ulcerans bacteria. Therefore, 
our positive results suggest, but do not 
prove, treatment failure. The positive 
culture after 2 weeks of treatment also 
suggests treatment failure but cultures 
obtained at 4 and 8 weeks were con-
taminated. However, culturing M. ul-
cerans bacteria is diffi cult, especially 
if samples must be transported (7).

Patients with Buruli ulcer may 
also be infected with HIV. In a study 
conducted during January 2002–Au-
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gust 2003 that compared HIV preva-
lence in 426 patients with Buruli 
ulcer and 613 controls in southern Be-
nin, HIV prevalence among patients 
with Buruli ulcer was higher (2.6%, 
11/426) than among controls (0.3%, 
2/613) (odds ratio 8.1) (8). However, 
none of these reported HIV-positive 
patients with Buruli ulcer were treated 
with rifampin/streptomycin and anti-
retroviral therapy (8).

A study of 224 patients with Bu-
ruli ulcer in Benin that evaluated the 
WHO-recommended regimen of 8 
weeks of treatment with rifampin/
streptomycin showed promising re-
sults (9). Chemotherapy alone was 
successful in achieving a cure rate 
of 47% of patients and was effective 
against ulcers <5 cm in diameter (9). 
However, HIV testing was not per-
formed in this study. In Spain, an HIV-
positive patient with aggressive, mul-
tifocal Buruli ulcer and osteomyelitis 
was cured by surgery, broad-spectrum 
antimicrobial drugs (not rifampin/
streptomycin), and antiretroviral drugs 
(10). Relapse was not reported in this 
study at 6-months follow-up.

For control of Buruli ulcer in 
HIV-positive patients, patients should 
be treated with rifampin/streptomycin 
and antiretroviral therapy to stimulate 
their immunity. Our report emphasizes 
the urgent need to evaluate treatment 
of HIV-positive patients infected with 
Buruli ulcer with rifampin/streptomy-
cin and antiretroviral drugs.

This study was supported by the 
Directorate-General for Development 
and Cooperation (DGDC), Brussels, Bel-
gium. K.K. was supported by a grant from 
DGDC.

Kapay Kibadi, 
Robert Colebunders, 

Jean-Jacques 
Muyembe-Tamfum, 
Wayne M. Meyers, 

and Françoise Portaels

Author affi liations: Institute of Tropical 
Medicine, Antwerp, Belgium (K. Kibadi, R. 
Colebunders, F. Portaels); Institut National 
de Recherche Biomédicale, Kinshasa, 
Democratic Republic of Congo (K. Kibadi, 
J.-J. Muyembe-Tamfum); University of Kin-
shasa, Kinshasa (K. Kibadi, J.-J. Muyembe-
Tamfum); University of Antwerp, Antwerp 
(R. Colebunders); and Armed Forces In-
stitute of Pathology, Washington, DC, USA 
(W.M. Meyers)

DOI: 10.3201/eid1604.091343

References

  1.  World Health Organization. Buruli ulcer: 
progress report. Wkly Epidemiol Rec. 
2008;83:145–56.

  2.  Portaels F, Silva MT, Meyers WM. Buruli 
ulcer. Clin Dermatol. 2009;27:291–305. 
DOI: 10.1016/j.clindermatol.2008.09.021

  3.  World Health Organization. Provisional 
guidance on the role of specifi c antibiotics 
in the management of Mycobacterium ul-
cerans disease (Buruli ulcer) WHO/CDS/
CPE/GBUI.10; 2004 [cited 2009 Dec 23]. 
http://www.who.int/buruli/information/
antibiotics/en/index.html

  4.  Etuaful S, Carbonnelle B, Grosset J, Lucas 
S, Horsfi eld C, Phillips R, et al. Effi cacy 
of the combination rifampin-streptomycin 
in preventing growth of Mycobacterium 
ulcerans in early lesions of Buruli ulcer 
in humans. Antimicrob Agents Chemoth-
er. 2005;49:3182–6. DOI: 10.1128/
AAC.49.8.3182-3186.2005

  5.  Kibadi K, Panda M, Tamfum JJ, Fraga 
AG, Longatto Filho A, Anyo G, et al. New 
foci of Buruli ulcer, Angola and Demo-
cratic Republic of Congo. Emerg Infect 
Dis. 2008;14:1790–2. DOI: 10.3201/
eid1411.071649

  6.  Kibadi K. Mycobacterium ulcerans dis-
ease (Buruli ulcer): surgical treatment 
of 102 cases in the Democratic Republic 
of Congo [in French]. Med Trop (Mars). 
2005;65:444–8.

  7. Eddyani M, Debacker M, Martin A, Agu-
iar J, Johnson CR, Uwizeye C, et al. Pri-
mary culture of Mycobacterium ulcerans 
from human tissue specimens after stor-
age in semi-solid transport medium. J Clin 
Microbiol. 2008;46:69–72. DOI: 10.1128/
JCM.00301-07

  8. Johnson RC, Nackers F, Glynn JR, de Bi-
urrun Bakedano E, Zinsou C, Aguiar J, et 
al. Association of HIV infection and My-
cobacterium ulcerans disease in Benin. 
AIDS. 2008;22:901–3. DOI: 10.1097/
QAD.0b013e3282f7690a

  9.  Chauty A, Ardant MF, Adeye A, Euverte 
H, Guédénon A, Johnson C, et al. Prom-
ising clinical effi cacy of streptomycin-
rifampin combination for treatment of 
Buruli ulcer (Mycobacterium ulcerans 
disease). Antimicrob Agents Chemoth-
er. 2007;51:4029–35. DOI: 10.1128/
AAC.00175-07

10.  Toll A, Gallardo F, Ferran M, Gilaberte M, 
Iglesias M, Gimeno JL, et al. Aggressive 
multifocal Buruli ulcer with associated 
osteomyelitis in an HIV-positive patient. 
Clin Exp Dermatol. 2005;30:649–51. 
DOI: 10.1111/j.1365-2230.2005.01892.x

Address for correspondence: Françoise 
Portaels, Mycobacteriology Unit, Institute of 
Tropical Medicine, Nationalestraat 155, B-2000 
Antwerp, Belgium; email: portaels@itg.be

Hantavirus 
Pulmonary 
Syndrome, 

French Guiana
To the Editor: Hantaviruses are 

rodent-borne negative-sense RNA vi-
ruses belonging to the Bunyaviridae 
family, genus Hantavirus. Since the 
fi rst report of a hantavirus in 1993 in 
the United States (1), different viruses 
belonging to this genus have been re-
ported in the Americas (2–5). These 
New World viruses are responsible for 
a disease called hantavirus pulmonary 
syndrome (HPS), a respiratory ill-
ness caused by the inhalation of dust 
contaminated by rodent feces or urine 
containing the virus (6–8).

Until recently, no information 
was available concerning the presence 
of hantaviruses in French Guiana, a 
French overseas department (admin-
istrative unit) in South America. Nev-
ertheless, the description of atypical 
pneumonia cases not related to any 
known etiologic agent and the iden-
tifi cation of hantavirus reservoirs in 
neighboring countries led us to con-
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duct a serologic study in a selected 
population of patients with compatible 
symptoms. The prevalence of immu-
noglobulin (Ig) G antibodies to han-
tavirus in this population was 1.42% 
(9). Subsequently, we systematically 
screened patients who had suggestive 
pathologies for hantavirus serology, 
which led us to the characterization of 
a divergent hantavirus.

On August 4, 2008, a 38-year-old 
man sought medical attention at the 
emergency department of Cayenne 
Hospital. He had had persistent symp-
toms of fever (>38.5°C), myalgia, di-
arrhea with melena, cough for 8 days, 
recurrent vomiting for 4 days, and 
dyspnea for 2 days. At consultation, 
tachypnea (respiratory rate 28/min) 
and oxygen desaturation (SaO2 83%) 
were observed. Chest radiograph 
showed bilateral diffuse interstitial 
infi ltrates causing respiratory distress; 
mechanical ventilation was required. 
The patient was admitted to the inten-
sive care unit for treatment of acute 

respiratory distress syndrome. Results 
of laboratory investigations performed 
when the patient was admitted showed 
thrombocytopenia (50,000 cells/mm3), 
leucocytosis (22,500 cells/mm3) as-
sociated with a high neutrophil count 
(20,300 cells/mm3), moderate hepato-
nephritis (alanine aminotransferase 17 
IU/L, aspartate aminotransferase 31 
IU/L, gamma-glutanyl transferase 44 
IU/L; alkaline phosphatase 44 IU/L; 
creatinine 192 μmol/L and urea 9.3 
mmol/L); and an elevated C-reactive 
protein concentration (>192 mg/L). 
Laboratory tests for infectious agents 
ruled out malaria, dengue, leptospiro-
sis, Chagas disease, Q fever, cytomeg-
alovirus, and HIV, and blood cultures 
were negative for bacterial growth. 
The patient remained under respira-
tory assistance for 25 days in the in-
tensive care unit and was discharged 
from hospital 47 days after admission 
with a complete clinical recovery.

With no etiologic agent identifi ed, 
2 factors led to the suspicion of han-

tavirus infection: clinical symptoms 
compatible with HPS and the patient’s 
exposure to potential reservoirs. In-
deed, a month before the onset of 
symptoms, he had moved to a rural 
municipality located near agricultural 
lands and forest.

Retrospective serologic inves-
tigations were performed with the 
3 available serum samples obtained 
during the hospitalization. These 
samples were tested by IgM capture 
with inactivated Sin Nombre virus 
antigens and by indirect ELISA with 
recombinant antigens to detect IgG 
antibodies to Sin Nombre virus (10). 
IgM to Sin Nombre virus were pres-
ent in the samples collected 8 and 9 
days, respectively, after onset of the 
disease, confi rming hantavirus infec-
tion. Furthermore, IgG to Sin Nom-
bre virus were only detected in the 
convalescent-phase serum samples 
obtained on day 41 of the disease. 
These serologic results suggested a 
recent infection with hantavirus.

Molecular investigations were 
performed to characterize and identify 
the virus. Viral RNA was extracted from 
the 2 acute serum samples. Reverse 
transcription–PCR was performed 
with consensus primers targeting the 
S segment of the hantavirus genome 
as described in Johnson et al. (4). 
Amplifi cation products of the expected 
size (434 bp of the nucleoprotein 
N-encoding region) were obtained 
from both samples. Cloning and 
sequencing of these products allowed 
obtaining a consensus sequence, 
which was deposited with GenBank 
(GQ179973). Database searches using 
BLAST (www.ncbi.nlm.nih.gov/blast) 
demonstrated that this sequence, 
although novel, is most similar to Rio 
Mamore hantavirus strain OM-556 
(GenBank accession no. U52136), 
showing 83% nucleotide identity 
(393 bp analyzed, excluding the 
primers). In addition, comparison with 
representative hantavirus sequences 
from New World isolates showed that 
the amplifi ed fragment exhibited from 
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Table. Comparison of nucleotide and deduced amino acid sequences between Maripa
virus and representative New World hantaviruses* 

Maripa virus 
% Nucleotide  

sequence identity 
% Amino acid

sequence identity 
RIOM_B 83.0 96.9
RIOM_P 81.9 96.2
ANAJ 81.2 96.2
LAN 81.2 96.2
RIME 77.9 94.7
PARN 78.4 93.9
ARAQ 80.2 93.1
AND 78.6 93.1
ORN 78.4 93.1
MCL 76.8 93.1
CHO 76.1 93.1
PRG 76.6 93.1
LEC 80.2 92.4
BMJ 79.4 92.4
CAD 77.1 92.4
ARAC 77.6 91.6
C_Plata 77.6 90.8
SN 73.5 90.1
*RIOM_B, Rio Mamoré virus strain OM-556 (U52136); RIOM_P, Rio Mamoré virus strain HTN-007 
(AF133254); ANAJ, Anajatuba virus isolate Of58 (DQ451829); LAN, Laguna Negra virus strain 510B 
(AF005727); RIME, Rio Mearim virus isolate Hs85 (DQ451828); PARN, Paranoa virus (EF576661); 
ARAQ, Araraquara virus (AF307325); AND, Andes virus strain AH-1 (AF324902); ORN, Oran virus 
strain 22996, (AF482715); MCL, Maciel virus strain 13796 (AF482716); CHO, Choclo virus (DQ 
285046); PRGm Pergamino virus strain 14403 (AF482717); LEC, Lechiguanas virus strain 22819 
(AF482714); BMJ, Bermejo virus strain Oc22531 (AF482713); CAD, Cano Delgadito virus isolate 
VHV-574 (AF000140); ARAC, Araucaria virus strain HPR/04-102 (AY740633); CAS, Castelo dos 
Sonhos virus (AF307324); C_Plata, Central Plata virus strain 714LC (EU564715); SN, Sin Nombre 
virus strain NM H10 (L25784). 
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73.5% to 81.9% nucleotide sequence 
identity and from 90.1% to 96.9% 
amino acid sequence identity (Table). 
This level of sequence divergence, as 
well as the geographic specifi city of 
this hantavirus in French Guiana led 
us to provisionally name it Maripa 
virus.

Results of a serologic survey to 
identify cases of respiratory disease 
with no evident etiology led us to 
identify an HPS case-patient in French 
Guiana who had been infected with a 
new divergent hantavirus strain. Hu-
man hantavirus epidemics are associ-
ated with fl uctuations of rodent popu-
lations caused by climatic, ecologic 
and environmental changes or with 
changes in human activities associated 
with nature or agriculture. Therefore, 
in this region where 90% of the land is 
tropical rain forest but in which there 
is increasing economic development, 
continuous surveillance for the virus 
in the human population would be 
benefi cial. Surveys of potential reser-
voirs may help reduce the risk of viral 
emergence. 
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Fatal Human 
Case of West Nile 

Virus Disease, 
Mexico, 2009

To the Editor: West Nile virus 
(WNV; family Flaviviridae, genus 
Flavivirus) was fi rst recognized in the 
Western Hemisphere in 1999 during an 
outbreak of human, equine, and avian 
encephalitis in New York (1). The vi-
rus has since spread across the United 
States and Canada, where it has caused 
≈30,000 human infections and ≈1,000 
deaths. Serologic evidence has demon-
strated that WNV is present throughout 
Mexico, Central America, South Amer-
ica, and the Caribbean region (2–8). 
However, WNV illness in humans and 
vertebrate animals in these regions has 
been only sparsely reported. For in-
stance, 7 human cases of WNV infec-
tion have occurred in Mexico (exclud-
ing the case described here), 3 of which 
were severe. All patients survived. To 
our knowledge, no fatal human cases of 
WNV infection have occurred in Cen-
tral America, South America, or the 
Caribbean region.

We describe a fatal case of WNV 
infection in a human in Central Amer-
ica. The patient, a man 40 years of age, 
lived in Monterrey, Nuevo León State, 
in northern Mexico. He had not trav-
eled outside of the metropolitan area 
in the 6 months before illness onset. 
On June 11, 2009, infl uenza-like signs 
and symptoms (i.e., fever, malaise, 
fatigue, arthralgia, headache, and diz-
ziness) developed in the patient. On 
June 26, the signs and symptoms had 
not resolved, and the man was admit-
ted to University Hospital “Dr. José 
E. Gonzalez” at the Universidad Au-
tonoma de Nuevo León (UANL). At 
the time of admission, cerebrospinal 
fl uid (CSF) was collected, and labo-
ratory analysis indicated a markedly 
elevated leukocyte count (182 cells/
mm3; reference range 0–5 cells/mm3) 
and slightly elevated protein and glu-
cose levels.
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Several days later, serious neuro-
logic signs that included loss of con-
sciousness developed in the patient. 
On July 6, he lapsed into a coma and 
was transferred to the intensive care 
unit and treated for intracranial hy-
pertension. Another CSF specimen 
was collected, and laboratory fi nd-
ings demonstrated that the leukocyte 
count had increased to 495 cells/mm3. 
CSF cytologic examination showed 
atypical lymphocytes, some of which 
resembled plasma cells. Brain mag-
netic resonance imaging showed hy-
drocephalus with no brain parenchy-
mal lesions. Because the patient was 
suspected to have a herpes simplex 
virus infection, intravenous acyclovir 
was administered. Several days later, 
the patient showed signs of improve-
ment; on July 15, he was discharged. 
Eleven days later, he experienced se-
vere headaches and, on July 29, was 
readmitted to the UANL Hospital for 
intracranial hypertension. On July 30, 
a ventriculoperitoneal shunt was im-
planted; however, the patient’s condi-
tion continued to decline, and he died 
on August 1.

Personnel in the Laboratory of 
Molecular Infectology at the UANL 
were informed of the patient and were 
provided with the remainder of the 
second CSF specimen several days 
before his death. Total RNA and DNA 
were extracted from the CSF by using 
the QIAamp viral RNA extraction kit 
(QIAGEN, Valencia, CA, USA) and 
DNAzol (Invitrogen, Carlsbad, CA, 
USA) and tested for nucleic acid to 
various pathogens associated with hu-
man central nervous system infections, 
specifi cally herpes simplex virus types 
1 and 2, human enterovirus A–D, den-
gue virus types 1–4, WNV, and Myco-
bacterium tuberculosis. Complemen-
tary DNA samples were generated 
by using Superscript III reverse tran-
scription (Invitrogen), and PCRs were 
performed by using Taq polymerase 
(Invitrogen) in accordance with the 
manufacturer’s instructions. PCR 
amplifi cations were conducted by us-

ing the following reaction conditions: 
94oC for 3 min; 30 cycles of 94oC for 
1 min, 50oC for 1 min, and 72oC for 
2 min; followed by a fi nal extension 
at 72oC for 8 min. Reverse transcrip-
tion–PCRs performed with diethyl 
pyrocarbonate–treated distilled water 
in place of nucleic acid were included 
as negative controls. All test and con-
trol reactions were performed in du-
plicate. PCR products were examined 
by 2% agarose gel electrophoresis and 
visualized with ethidium bromide. 
A PCR product of the expected size 
was observed when the WNV-spe-
cifi c primers WN-cap-F (5′-CAGT
GCTGGATCGATGGAGAG-3 ′ ) 
and WN-cap-R (5′-CCGCCGATTG
ATAGCACT GGT-3′) were used. 
These primers amplify a 104-nt re-
gion of the capsid gene. All other as-
say results were negative. Subsequent 
reactions were performed by using 
a second set of WNV-specifi c prim-
ers, WN-env-F (5′-GATGTGAAG
ATGATGAATATGG-3′) and WN-
env-R (5′-AATGCTTCCTTTGCCAA
ATAG-3′), which amplify a 216-nt 
region of the envelope gene. A PCR 
product of the expected size was again 
observed. PCR products were purifi ed 
by using the Purelink Gel Extraction 
Kit (Invitrogen) and sequenced by us-
ing a 3730×1 DNA sequencer (Applied 
Biosystems, Foster City, CA, USA).

Because of the small volume of 
CSF obtained, a comprehensive labo-
ratory analysis (virus isolation, plaque 
reduction neutralization test) could not 
be performed. Nevertheless, detection 
of WNV in the CSF of a patient with 
encephalitis meets the Centers for 
Disease Control and Prevention es-
tablished criteria for a case of West 
Nile neuroinvasive disease (9). Our 
fi ndings highlight the fact that the low 
number of WNV cases in Mexico and 
elsewhere in Latin America should not 
deter healthcare personnel from per-
forming WNV diagnostic testing and 
the public from using personal protec-
tive measures in these regions.
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Bartonella spp.
Infections, Thailand 

To the Editor: Bartonella are 
fastidious hemotropic gram-negative 
bacteria with a worldwide distribu-
tion. In Thailand, Bartonella species 
have been demonstrated in mamma-
lian hosts, including rodents, cats and 
dogs, and in potential vectors, includ-
ing fl eas (1–4). However, data on hu-
man infection have been limited to case 
reports (5,6) and 1 seroprevalence sur-
vey, which found a 5.5% prevalence 
of past B. henselae infection (7). No 
studies have systematically assessed 
the frequency, clinical characteristics, 

or epidemiology of human Bartonella 
infections in Thailand.

We conducted a prospective 
study to determine causes of acute 
febrile illness in 4 community hospi-
tals, 2 in Chiang Rai (northern Thai-
land) and 2 in Khon Kaen (northeast-
ern Thailand). We enrolled patients 
>7 years of age with a temperature 
>38°C who were brought to study 
hospitals for treatment from Febru-
ary 4, 2002, through March 28, 2003. 
Patients were excluded if they had a 
history of fever for >2 weeks or an in-
fection that could be diagnosed clini-
cally. Acute-phase serum samples 
were collected at the time of enroll-
ment and convalescent-phase serum 
samples 3–5 weeks later. We enrolled 
nonfebrile control patients >14 years 
of age who had noninfectious con-
ditions; acute-phase serum samples 
were collected. Clinical information 
was abstracted from patient charts. 
Nurses conducted physical examina-
tions and personal interviews to col-
lect information on patients’ demo-
graphic characteristics, exposures to 
animals, and outdoor activities.

Serum samples were tested for 
immunoglobulin (Ig) G antibodies to 
Bartonella spp. by immunofl uorescent 
antibody assay at the Bartonella Labo-
ratory of the Centers for Disease Con-
trol and Prevention, Fort Collins, CO, 
USA. Strains used for antigen produc-
tion were: B. elizabethae (F9251), B. 
henselae (Houston-1), B. quintana 
(Fuller), and B. vinsonii subsp. vinsonii 
(Baker). Homologous hyperimmune 
serum specimens were produced in 
BALB/c mice as previously described 
(8). Bartonella infection was consid-
ered confi rmed in febrile patients who 
had a >4-fold rise in IgG antibody 
titers and a convalescent-phase titer 
>64. Probable infection was defi ned 
as 1) a 4-fold antibody titer rise but 
convalescent-phase titers of 64, or 2) 
high and stable titers (>512 in acute-
phase and convalescent-phase serum 
samples), or 3) acute-phase titer >512 
with a >4-fold titer fall. Paired serum 

samples from febrile patients were 
also tested for serologic evidence of 
other common causes of febrile illness 
in Southeast Asia.

Febrile patients with acute-phase 
and convalescent-phase IgG antibody 
titers <128 were considered not to have 
Bartonella infection; we compared 
demographic and clinical character-
istics of these patients to Bartonella-
infected patients. To evaluate potential 
risk factors, we compared Bartonella-
infected case-patients >14 years of age 
without serologic evidence of other in-
fections (n = 20) to nonfebrile controls 
with IgG to Bartonella <128 (n = 70). 
Age adjusted odds ratios (AORs) with 
95% confi dence intervals (CIs) were 
calculated.

Serologic testing was complet-
ed on paired serum samples for 336 
(46%) of 732 febrile patients en-
rolled; 92 (27%) had serologically 
confi rmed (50) or probable (42) Bar-
tonella infections. Thirty-fi ve (38%) 
of these 92 had serologic evidence of 
infection with another pathogen. The 
remaining 57 Bartonella-infected 
case-patients (34 confi rmed, 23 prob-
able) had a median age of 19 years 
(range 7–72 years); 65% were males, 
47% were students, and 35% were 
rice farmers. Common clinical char-
acteristics of Bartonella-infected pa-
tients included myalgias (83%), chills 
(79%), and headache (77%). Thirty 
(60%) patients had anemia (hemoglo-
bin level <13 mg/dL); 18 (32%) had 
a hemoglobin level <12 mg/dL, and 
4 (7%) had <11 mg/dL. When com-
pared with 193 febrile patients with-
out Bartonella infection, the 57 Bar-
tonella-infected patients were similar 
in age and sex but were more likely to 
be rice farmers and were more likely 
to have leukocytosis (Table). Com-
pared with the 70 nonfebrile controls, 
Bartonella-infected case-patients 
were more likely to report tick ex-
posure (32% vs. 7.9%; AOR = 5.6, 
95% CI 1.5–21) and outdoor activi-
ties (55% vs. 31%; AOR = 2.7, 95% 
CI 1.0–7.4) during the 2 weeks before 
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illness onset. Prevalence of reported 
rat exposure and animal ownership 
(cats, dogs, pigs, cows, or buffaloes) 
was similar among case-patients and 
controls.

We describe the frequency and 
clinical characteristics of acute Barto-
nella infection among febrile patients 
in Thailand. Over 25% of patients 
with undifferentiated febrile illness 
had serologic evidence of Bartonella 
infection (including 15% serologically 
confi rmed). Our fi ndings indicate that 
Bartonella infections may be common 
and underrecognized causes of acute 
febrile illness in rural Thailand. Al-
though our results are limited by lack 
of culture confi rmation, we used con-

servative case defi nitions for serologic 
diagnosis and therefore believe that 
most cases represent true Bartonella 
infections. The common clinical fea-
tures of anemia and leukocytosis and 
the frequent tick exposure and outdoor 
activity are consistent with known fea-
tures of Bartonella infections and lend 
support to serologic fi ndings. Because 
of the potential for serologic cross-
reactivity between Bartonella species, 
we did not attempt species identifi -
cation. The case-control study was 
therefore limited by grouping case-
patients that were likely infected with 
different Bartonella species for which 
risk factors may differ. Such studies 
could lead to meaningful recommen-

dations for prevention and control of 
Bartonella infections. Additional epi-
demiologic and transmission studies 
are needed to improve understanding 
of risk factors, identify key animal 
reservoirs and vectors, and ascertain 
transmission dynamics. 
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Table. Demographic and clinical characteristics of febrile patients with Bartonella
infection compared with febrile patients who had no evidence of Bartonella infection,
Thailand, 2002–2003*

Variables

No. (%) Bartonella-
infected case-

patients,† n = 57 
No. (%) non–case-
patients,‡ n = 193 

p
value

Median age, y (range) 19 (7–72) 20 (7–79) 0.9
Male sex 37 (64.9) 113 (58.5) 0.4
Occupation
 Student 27 (47.4) 84 (43.5) 0.6
 Rice farmer 20 (35.1) 40 (20.7) 0.03
 Business 3 (5.3) 13 (6.7) 0.7
 Other§ 7 (12.3) 56 (29.0) 0.01
Signs and symptoms 
 Headache 44 (77.2) 161 (83.4) 0.3
 Eye pain 17 (29.8) 58 (30.1) 1.0
 Myalgias 47 (82.5) 141 (73.1) 0.1
 Extremity pain 39 (68.4) 115 (59.6) 0.2
 Joint pain 26 (45.6) 74 (38.3) 0.3
 Vomiting 22 (38.6) 80 (41.5) 0.7
 Abdominal pain 12 (21.1) 64 (33.2) 0.08
 Rash 7 (12.3) 17 (8.8) 0.6
 Lymphadenopathy 9 (15.8) 24 (12.4) 0.5
Laboratory results 
 Anemia (Hb <13 mg/dL) 30 (60.0) 93 (50.3) 0.2
 Thrombocyte count <100,000/mm3 5 (8.9) 14 (7.4) 0.7

 Leukopenia 
(leukocytes <5,0 300/mm )

10 (17.5) 63 (32.6) 0.03

 Leukocytosis 
(leukocytes >11 3,000/mm )

20 (35.1) 33 (17.1) <0.01

 Creatinine >1.5 mg/dL 5 (8.9) 12 (6.2) 0.5
 Bilirubin >1.3 mg/dL 6 (10.7) 19 (9.8) 0.8
 Alkaline phosphatase >121 IU/L 36 (64.3) 132 (68.8) 0.5
 AST >36 IU/dL 18 (32.1) 88 (45.6) 0.07
 ALT >36 IU/dL 9 (16.1) 50 (25.9) 0.1
*Hb, hemoglobin; AST, aspartate aminotransferase;  ALT, alanine aminotransferase. 
†Excluded Bartonella-infected patients with serologic evidence of infection with other common 
pathogens (dengue virus, Leptospira, or Burkholderia pseudomallei; n = 35). 
‡Febrile patients with acute-phase and convalescent-phase immunoglobulin G titer against 
Bartonella species <128. 
§Other occupation includes housewife, government officer, day laborer, or construction worker. 
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Cholera Outbreak, 
Laos, 2007 

To the Editor: Cholera is a ma-
jor public health problem in countries 
where access to safe water and adequate 
sanitation cannot be guaranteed for all. 
Vibrio cholerae serogroups O1 and 
O139 are the causative agents of cholera 
(1). One of the most powerful virulence 
factors in this organism is cholera toxin 
encoded by the ctxAB gene, located on 
the CTX prophage. V. cholerae O1 is 
classifi ed into 2 biotypes, classical and 
El Tor. The El Tor type of V. cholerae 
O1 is responsible for the ongoing sev-
enth worldwide pandemic of cholera 
(2). The sequence of ctxB of a certain 
strain has been believed to correspond 
to its biotype; that is, a biotype classical 
strain has classical type ctxB, and a bio-
type El Tor strain has El Tor type ctxB. 
However, recent research studies sug-
gest that novel types of V. cholerae O1, 
hybrid strains, and altered El Tor or El 
Tor variant strains (1,3) are emerging. 
Altered El Tor or El Tor variant strains 
are biotype El Tor but produce classi-
cal cholera toxin (3,4). Recent reports 
suggest that this type of V. cholerae O1 
is spreading to many areas of the world 
(5).

In December 2007–January 2008, 
a cholera outbreak occurred in Xe-
kong Province in southeastern Laos, 
in the Mekong Basin. The fi rst case of 
the outbreak was detected on Decem-
ber 23, 2007. The outbreak spread to 
10 villages and lasted through January 
2008. Specifi cally, in the Thateng Dis-
trict, 117 cases occurred and 2 deaths 
were reported. The sources of the out-
break were suspected to be regularly 
used water. In October 2007, 2 months 
before the outbreak, 3 sporadic cases 
of V. cholerae infection had been iden-
tifi ed in Vientiane (the capital city) and 
Xaignabouri Province in north-central 
and northwestern Laos, respectively. 
The outbreak investigation in the Xe-
kong Province identifi ed no linkage 
between these sporadic cases and the 
outbreak cases. 

In this study, we analyzed 18 V. 
cholerae isolates obtained in 2007: 
3 were from patients with sporadic 
cases, and 15 were from the Xekong 
outbreak (13 from patients and 2 
from water samples). All the isolates 
were serotype O1 Ogawa and biotype 
El Tor, but their ctxB types were clas-
sical, according to the method pre-
viously described (6). This fi nding 
indicates that they were the type of 
altered El Tor.

We used pulsed-fi eld gel electro-
phoresis (PFGE) to investigate rela-
tionships between the isolates accord-
ing to the PulseNet protocol (7). All 18 
isolates from the sporadic cases and the 
outbreak in 2007 displayed profi les in-
distinguishable from each other (Fig-
ure). We also compared 2 additional V. 
cholerae O1 isolates, 1 from a patient 
in Vientiane in 1998 and another from 
a patient in Louangphabang in 2000 
(Figure). The profi les of the isolates 
obtained in 1998 and 2000 clearly 
differed from those obtained in 2007. 
These results indicate that all isolates 
from sporadic and outbreak cases in 
2007 were likely from the same source 
of contamination, although extensive 
epidemiologic investigation did not 
identify any common source.

Nguyen et al. characterized the 
isolates from a cholera outbreak in 
Vietnam from late 2007 to early 2008 
(8). Their report suggests that the iso-
lates from the outbreaks in Vietnam 
and Laos shared the same elements 
of the CTX prophage. Our study 
suggests a common source for the 
strains of sporadic cases in Vientiane 
and Xaignabouri Province in Octo-
ber 2007 and those of the outbreak in 
Xekong Province in December 2007. 
Molecular typing suggests that a novel 
clone of V. cholerae O1 is being dis-
seminated along the Mekong Basin. 
However, no epidemiologic associa-
tion has been identifi ed so far. Thus, 
a more extensive regionwide surveil-
lance system is needed to identify and 
control V. cholerae infection in Laos 
and neighboring countries.
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Buruli Ulcer, 
Central African 

Republic 
To the Editor: Buruli ulcer, the 

third most common mycobacterial 
disease of humans after tuberculosis 
and leprosy, is an important disfi gur-
ing and disabling cutaneous infection 
disease caused by Mycobacterium ul-
cerans. Buruli ulcer was declared an 
emerging skin disease of public health 
concern by the World Health Orga-
nization (WHO) in 1998. Although 
the disease is known to be associated 
with swampy areas and environmental 
changes, the mode of transmission is 
not yet clearly understood. A possible 
role for water bugs in the transmission 
has been postulated in the last 10 years. 
In this direction, several researchers 
have proposed that biting water bugs 
could be vectors for M. ulcerans (1). 
M. ulcerans produces a potent toxin 
known as mycolactone (2), which ly-
ses dermal cells, leading to the devel-
opment of continuously expanding ul-
cers with undermined edges. Surgery 
is the only treatment for late lesions, 
which involves excision of necrotic 
tissues, followed by skin grafting. Af-
ter such treatment, patients suffer from 
functional limitations, social stigmati-
zation, and the loss of livelihood (3). 
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Figure. Dendrogram for NotI-digested pulsed-fi eld gel electrophoresis profi les of Vibrio 
cholerae isolates, Laos, December 2007–January 2008. Origin of each isolate is shown 
on the right. *Water sample.
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Antimicrobial drug treatment is avail-
able (a combination of rifampin and 
streptomycin), but it is effective only 
for early lesions (4).

The disease is endemic in rural 
wetlands of tropical countries of Af-
rica, the Americas, and Asia. Over the 
past decade, the prevalence of Buruli 
ulcer was highest in western Africa 
(3,5), with an alarming increase in 
detected cases. In central Africa, foci 
of Buruli ulcer have been reported in 
Gabon, Equatorial Guinea, Cameroon, 
Congo, the Democratic Republic of 
Congo, and Sudan (6), which are all 
neighboring countries of the Central 
African Republic (CAR). Surprisingly, 
in CAR, no cases of Buruli ulcer have 
been reported so far, even though its 
presence in this country was suspected 
in 2006, although not confi rmed. This 
situation motivated us to begin a pas-
sive survey in the hospitals of Bangui, 
the capital of CAR. We report here 2 
confi rmed cases of Buruli ulcer that 
were found through this survey. The 2 
patients were admitted in April 2007 
to Hôpital de l’Amitié, Bangui, CAR, 
with extensive skin ulcers, which 
might correspond to Buruli ulcer ac-
cording to WHO guidelines (7). Both 
patients were farmers from the Om-
bella M’poko region. They lived on 
the border of the M’poko River and 
carried out daily activities in an aquat-
ic environment.

The fi rst patient was a 62-year-old 
man who had a large ulceration of the 
right limb (Figure, panel A). Differen-
tial diagnosis eliminated other ulcer-
ative diseases such as drepanocytosis, 
and the patient was HIV negative. For 
bacteriologic diagnosis, 4 samples 
were taken with sterile cotton swabs 
from beneath the undermined edges of 
the ulcer. Proteus mirabilis was isolat-
ed from the lesion, and a few acid-fast 
bacilli were shown by Ziehl-Neelsen 
(ZN) staining. Unfortunately, 1 week 
later, the patient died of an unknown 
cause.

The second patient was a man of 
the same age who had an ulceration 
6.5 cm in diameter on the left ankle 
(Figure, panel B). His condition had 
been treated with various antimicro-
bial agents without any result. Blood 
testing showed minor anemia (hemo-
globin 12.4 g/dL) and that the patient 
was HIV negative. Bacteriologic 
analysis found no gram-positive and 
gram-negative bacteria, and ZN stain-
ing showed the presence of acid-fast 
bacilli. He received the specifi c rec-
ommended treatment for M. ulcerans 
infection (antimicrobial drug regimen: 
rifampin, 10 mg/kg, and streptomycin, 
15 mg/kg), and the lesions had receded 
2 months later (Figure, panel C).

The identifi cation of M. ulcerans 
was confi rmed by PCR on the basis 
of the IS2404 repeated insertion se-

quences of M. ulcerans as described 
by Stinear et al. (8). The positive re-
sults were confi rmed by quantitative 
real-time PCR, in the Laboratory of 
Bacteriology at Central Hospitalier 
universistaire, Angers, France, on 2 
specifi c sequences: IS2404 sequence 
and ketoreductase B domain of the 
mycolactone polyketide synthase gene 
from the plasmid pMUM001 (9).

According to WHO criteria, 2 
confi rmative test results should be ob-
tained of 4 laboratory tests (ZN stain-
ing, positive culture of M.ulcerans, 
specifi c gene amplifi cation, pathog-
nomonic histopathologic features) to 
establish a defi nitive diagnosis (7). 
Concerning the 2 patients in this study, 
results of ZN staining and PCR were 
positive, thus confi rming the diagno-
sis of Buruli ulcer. Samples were in-
oculated on Löwenstein-Jensen (LJ) 
media and incubated at 30°C for 2 
months, but the culture did not grow 
the organism. This result could be ac-
counted for by the paucity of bacilli in 
the samples. In conclusion, our study 
confi rms that, although infrequently 
diagnosed, Buruli ulcer is an endemic 
disease in CAR.

Identifi cation and control of Bu-
ruli ulcer remain diffi cult in CAR, 
where this disease is often not con-
sidered. Even with evocative clinical 
signs, confi rmation of diagnosis by 
biological analysis is still not easy. It 
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Figure. Patient 1: extensive ulcer of the right limb (A). Patient 2: ulcer of the left ankle before treatment (B) and 8 weeks after specifi c 
antimicrobial drug therapy (C). Scale bars = 12 cm (A), 5 cm (B), and 2 cm (C).
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is therefore of high importance that 
the public health authorities are fully 
informed and properly trained to iden-
tify this neglected disease in the early 
stages so patients can be cured before 
the onset of functional impairment and 
the appearance of extensive lesions. 
Further investigation to isolate strains 
present in CAR is also essential.
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BOOKS AND MEDIA

Infectious Disease 
Surveillance

N.M. M’ikanatha, R. Lynfi eld, C.A. 
Van Beneden, H. de Valk, editors

Blackwell Publishing, Malden, MA, 
USA, 2007
ISBN-13: 978-1-4051-4266-3
Pages: 560; Price: US $195.00 

This book devotes chapters to the 
usual infectious disease suspects and 
surveillance concepts and systems. I 
will not go into details of its contents 
and glowing attributes; the publisher 
(www.blackwellpublishing.com/
book.asp?ref=9781405142663) and 
reviewers (1,2) have done a good 
job on  this. Instead, I conducted a 
simple review to try and answer the 
following question: compared with a 
free Internet search, is purchase of a 
$195.00 book worth it? My hypoth-
esis was that by entering the title of a 
chapter from the book in a search en-
gine, one could fi nd comparable con-
tent within the fi rst 20 results (links) 
returned. 

Methods
After selecting the chapter that 

corresponded with every 50th page 
of the book, I visually scanned that 
chapter for scope and content. Then I 
performed a Google search using the 
chapter title and ranked the level of 
congruence between the topics in the 
book chapter and the topics at the In-
ternet links as follows: fully compa-
rable, >1 links covered most (≈%75) 
topics in the chapter; partially compa-
rable, >1 links covered many (≈50%) 
of the topics; and not comparable, 
all links reviewed (up to 20) covered 
<50% of the topics. Each search re-
sult link was reviewed in successive 
order up to 20 results until >1 enabled 
a ranking of fully comparable. Links 
that led to other links would be fol-
lowed only 1 level deep. Links that 
required log-in or payment or that 
reproduced a complete chapter were 
excluded.

Results
Of the 40 chapters, 10 were re-

viewed. Of these, 4 were ranked as 
fully comparable, 4 as partially com-
parable, and 2 as not comparable.

For example, a rating of fully 
comparable was given for the chap-
ter “Public Health Surveillance for 
Vaccine Adverse Events.” After 6 
links were reviewed, 2 were found 
to provide similar information to that 
of the book chapter. A rating of par-
tially comparable was given for “The 
Netherlands’ Infectious Diseases Sur-
veillance Information System.” Of 
20 links reviewed, several contained 
related information, but none were 
as complete as the book chapter and 
some provided a more global view. A 
rating of not comparable was given 
for “Use of Molecular Epidemiology 
in Infectious Disease Surveillance” af-
ter a review of all 20 links. Although 
several links provided information on 
the topic, none provided as organized 
and clear a summary as did the book 
chapter.

Discussion
Extrapolation of these fi ndings to 

all 40 chapters is diffi cult because of 
variation in topics and titles, and ex-
trapolation to other research areas may 
depend on the proportion of informa-
tion published without restrictions, 
i.e., without requesting registration, 
passwords, or money. Overall, a con-
siderable amount of Internet informa-
tion was obtained for most chapters 
evaluated, although usually >1 link 
had to be reviewed.  The convenience 
of being able to read at one’s own pace 
a book containing the full gamut and 
organized presentation of such subject 
matter must be weighed against the 
timeliness and cost differential of an 
Internet search.

Conclusions
This book is a good value for 

public health students and profession-
als frequently involved in surveillance 
and surveillance issues. It is not neces-

sarily a good value for those with only 
infrequent needs to fi nd information 
quickly or to fi nd up-to-date informa-
tion on several surveillance topics.

Marc A. Strassburg
Author affi liations: Los Angeles County 
Department of Public Health, Los Angeles, 
California, USA; University of California, 
Los Angeles, California, USA; and TUI Uni-
versity, Cypress, California, USA
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Denialism: How 
Irrational 

Thinking Hinders 
Scientifi c Progress, 
Harms the Planet, 

and Threatens 
Our Lives

Michael Specter

Penguin Press, New York, NY, 
USA, 2009
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Vaccines remain one of our most 
critical public health interventions, 
yet an increasingly vocal group of 
antivaccinationists call vaccines toxic 
and attribute numerous conditions, 
such as autism, to vaccination despite 
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evidence to the contrary. Former Play-
boy model Jenny McCarthy is viewed 
as a respected source of information, 
whereas pediatric infectious diseases 
researcher Paul Offi t receives death 
threats for his scientifi c contributions. 
Journalist Michael Specter describes 
this phenomenon in Denialism: How 
Irrational Thinking Hinders Scien-
tifi c Progress, Harms the Planet, and 
Threatens Our Lives.

Spector defi nes denialism as “de-
nial writ large—when an entire seg-
ment of society, often struggling with 
the trauma of change, turns away from 
reality in favor of a more comfortable 
lie.” Denialism describes this rejection 
of fact-based reality in 6 different ar-
eas related to health and medicine, be-
ginning with the mistrust of pharma-
ceutical companies and their products. 
He also examines the dismissal of 
racial differences in medical research, 
the organic food movement as a form 
of denialism, and the obsession with 
vitamins and complementary alterna-
tive medicine despite evidence that 
these modalities do not work or may 
even be harmful. He ends with a look 
to the future: creation of life itself and 
why we must overcome denialism and 
embrace change to continue advanc-
ing as a society or risk the survival of 
our species.

This book is sure to cause some 
controversy. In many circles, the term 
denialism is still linked to rejection 
of the Holocaust, and any implica-

tion that parents’ refusal of vaccina-
tion or the philosophy of choosing 
organic-only food is akin to dismissal 
of one of humanity’s great atrocities 
surely will make some readers dis-
miss Specter’s arguments. Likewise, 
although Specter supports industry, 
he is pragmatic and does not put him-
self in a cheerleader role, instead ac-
knowledging corporate culpability in 
driving and perpetuating denialism: 
“Corporations, wrapping themselves 
in the mantle of progress but all too 
often propelled by greed, have done 
more than religion or even Luddism 
to infl ame denialists and raise doubts 
about the objectivity of science.” 
Specter realizes that industry, and 
scientists, have lost the public’s trust, 
and this broken relationship needs to 
be fi xed through additional communi-
cation to the public by scientists and 
science writers, open debates about 
the future of scientifi c progress and 
implications of emerging technolo-
gies, and improvements in education.

Persons picking up this book may 
be surprised by the lack of discussion 
about some prominent topics of sci-
ence denialism, including evolution 
and global warming. Likewise, Spec-
ter does not discuss HIV/AIDS denial, 
a topic he has covered previously in 
The New Yorker (1). Referring to the 
latter, Specter notes that Holocaust and 
HIV/AIDS denialists are “… inten-
sively destructive—even homicidal—
but they don’t represent conventional 

thought and they never will. This new 
kind of denialism is less sinister but 
more pervasive than that.” Further-
more, the types of denialism Specter 
describes cut across political and re-
ligious divisions to combine fear and 
uncertainty in a manner that makes 
them contagious. Indeed, a central te-
net of denialism is that “fear is more 
infectious than any virus” and, like 
infection, needs to be addressed and, 
ideally, prevented through healthy 
skepticism.

Spector notes that “Denialism 
must be defeated. There is simply too 
much at stake to accept any other out-
come.” Its defeat is a tall order, but an 
imperative one if science is truly to be 
restored to its rightful place. Specter’s 
book is a good starting place for any 
scientist or layman interested in delv-
ing into this phenomenon.

Tara C. Smith
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Errata—Vol. 16, No. 2
The article Hendra Virus Outbreak with Novel Clinical Features, 

Australia (H. Field et al.) contained several errors related to specifi c 
case descriptions and spillover events. The article has been corrected 
online (www.cdc.gov/eid/content/16/2/238.htm).

The author list for the article Epidemiology of Cryptoccocus gattii, 
British Colombia, Canada, 1999–2007 (E. Galanis et al.) was incom-
plete. Authors were Eleni Galanis, Laura MacDougall, Sarah Kidd, Mo-
hammad Morshed, and the British Columbia Cryptococcus gattii Work-
ing Group. Working Group members involved in this study were Patrick 
Doyle, John Galbraith, Linda Hoang, Pamela Kibsey, Min-Kuang Lee, 
Sultana Mithani, Marc Romney, and Diane Roscoe. The article has 
been corrected online (www.cdc.gov/eid/content/16/2/251.htm).

Erratum—Vol. 16, No. 3
The author list for the article Use of Avian 

Bornavirus Isolates to Induce Proventricular Dil-
atation Disease in Conures (P. Gray et al.) omit-
ted W. Ian Lipkin.  The article has been correct-
ed online (www.cdc.gov/eid/content/16/3/473.
htm).



ABOUT THE COVER

“The man’s the work. Something doesn’t come out of 
nothing,” Edward Hopper once said. This private 

and introspective man, known for his dry wit and “monu-
mental silences” and for expressing himself “tersely but 
with weighted exactness in a slow reluctant monotone,” 
was offering a glimpse into the creative process as it ap-
plied to him. Much was made of the sense of isolation and 
despair in his work and their connection with modern life. 
But “The loneliness thing is overdone,” he noted. “My aim 
in painting is always, using nature as the medium, to try 
to project upon canvas my most intimate reaction to the 
subject as it appears when I like it most; when the facts are 
given unity by my interest and prejudices.”

“Hudson River Dutch” is how Hopper described his 
ancestry in Nyack, New York. The son of a dry goods mer-
chant, he was not discouraged in his artistic ambitions, 
though his family did steer him toward commercial il-
lustration for its earning potential. The skill stood him in 
good stead during the lean years. He attended the New York 
School of Art and studied under Robert Henri, one of the 
fathers of American Realism, “the most infl uential teacher 
I had.” He visited Europe several times. “Paris had no great 
or immediate impact on me.” But when he returned to the 
United States, his work refl ected what he had seen abroad. 
“It took me ten years to get over Europe.”

Hopper settled in New York, where he would make his 
primary residence. He moved into a 74-step, cold-water 
walk-up with a sky-lit studio in Greenwich Village. He had 

to haul coal for the furnace up four fl ights of stairs, but 
the space suited his self-suffi cient and frugal nature. He 
painted many major works there and, despite a reasonable 
measure of success during his lifetime, never pursued more 
plush quarters.

During a career that spanned 60 years and saw the 
heyday of abstract expressionism, as well as a resurgence 
of realism in the United States, he made a unique contri-
bution. In a 1932 exhibition at the Museum of Modern 
Art, his work was described as “part of a new interna-
tional progressive trend emerging within modernism, 
represented by a balance between ‘form’ and ‘content’ in 
its work.” Hopper’s approach, which appealed to his col-
leagues from all factions, explored natural and artifi cial 
light on surfaces, particularly on the vernacular architec-
ture of American cities: motels, gas stations, storefronts, 
diners, apartments. “What I wanted to do was to paint 
sunlight on the side of a house.” His work employed clas-
sical elements and formal discipline in the dispassionate 
presentation of everyday scenes.

Hopper captured what he called “our native architec-
ture with its hideous beauty, its fantastic rooms, pseudo-
gothic, French Mansard, Colonial, mongrel or what not, 
with eye searing color or delicate harmonies of faded paint, 
shouldering one another along interminable streets that ta-
per off into swamps or dump heaps,” and by capturing it, he 
defi ned it. His images, often described as theatrical or cin-
ematic, went on to inspire the cinema and its greats, among 
them John Huston, Elia Kazan, John Cassavetes. Alfred 
Hitchcock credited Hopper for infl uencing his fi lms Rear 
Window and Psycho.
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Edward Hopper (1882–1967). Drug Store (1927) (detail). Oil on canvas. (73.6 cm × 101.9 cm). The Museum of Fine Arts, Boston, 
Massachusetts, USA. Bequest of John T. Spaulding, 48.564
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“The whole answer is there on the canvas,” Hopper said 
in lieu of explaining his paintings. “I hope it will not tell any 
obvious anecdotes since none are intended.” Just like the 
content of his paintings, the form was stripped of extrane-
ous details. He sought perfection in perspective, geometric 
structures, and two-dimensional space, as well as in the use 
of color and light. “As a child I felt that the light on the up-
per part of a home was different from that on the lower part. 
There is a sort of elation about sunlight on the upper part of 
a house.” He described his style as “an amalgam of many 
races” and refused to belong to any school.

“Hopper is always on the verge of telling a story,” 
observed novelist and art critic John Updike, referring 
to scenes whose very stillness suggests that something is 
about to happen. A room seems either recently vacated or 
soon to be occupied. If inhabited, it is always sparsely, and 
that also goes for public places―theaters, restaurants, of-
fi ces. Any occupant has either just arrived or is ready to 
leave, psychologically absent, or lost in thought. Human 
presence is not required, although the viewer is always al-
lowed in, either through an open window or some other 
vista. And the night is just as paintable as the day, or even 
more so because of its mysterious, even ominous, contrasts 
and shadows.

Drug Store, on this month’s cover, is one of Hopper’s 
nocturnal works. During one of his visits to Europe, he saw 
Rembrandt’s Night Watch, “The most wonderful thing…. It 
almost amounts to deception.” In his own work, he came to 
view the night as an opportunity to scrub a scene from the 
hustle and bustle. In the darkness, it seems, he could focus 
on the unexceptional and familiar elements of the uninhab-
ited streets and capture the essence of places.

In Drug Store, drama resides strictly on the weight of 
darkness in back of the setting against the brightly lit es-
tablishment forward. The lamp above the entrance lights 
the window, which with the awning pulled up all the way, 
is unabashedly exposed. Emotion is rendered in place and 
time, not human terms. In painting this street icon, Hopper as 
always, sought the “most exact transcription possible.” But 
what might have been a most sterile, even disturbing, presen-
tation is rendered here with softness and calm. The storefront 
glows against the surroundings, its curtains and colorful ves-
sels inviting and homelike but for the commercial signage. 
The wedgelike positioning foreshadows another one of Hop-
per’s famous corner establishments, Nighthawks.

Silbers Pharmacy was typical of the profession in the 
early part of the 20th century. The move away from artisan 
plasters, powders, and carbonated waters saw increasing-
ly fl amboyant advertising of medications based on better 
understanding of disease etiology and the mechanisms of 
drug action.

These new drugs were a mixed bag of cure and trouble, 
just like today’s offerings. In this journal issue alone, count-

less examples underline unintended consequences in the use 
of otherwise effective medications, among them antimicro-
bial drugs. Commonly used to treat infections, these drugs 
also may change intestinal microfl ora and make patients 
vulnerable to other infections, as with Clostridium diffi cile. 
In addition to increased C. diffi cile–associated disease, 
severity is also increasing from a new strain. And while 
clinical illness used to occur almost exclusively among the 
elderly in healthcare facilities, it is now seen in the commu-
nity, among the young, and apart from antimicrobial drug 
treatment. Some retail meats contain the pathogen, though 
its role there is unknown. Changes in disease setting al-
ter who is at risk and what the risk factors are. The clean, 
well-lighted healthcare setting where antimicrobial drug 
use leads to pseudomembranous colitis does not describe 
the risk for or characteristics of community-acquired infec-
tions with C. diffi cile.

“I was never able to paint what I set out to paint,” Hop-
per said. During the unpredictable course of the creative 
process, inspiration injects itself unawares, the miscella-
neous and extraneous intercede, color dictates, or thought 
transforms the initial intention to an unrecognizable fi nal 
result. The artist’s discerning eye must complete the pro-
cess by honing in on the essential. Public health scientists 
at work to stay ahead of pathogens also come up against 
unpredictability in the creative process. Much like Hopper, 
they must have an eye for the setting. One is not like anoth-
er, and light makes all the difference. And while the whole 
answer may indeed be there on the canvas, for Hopper the 
essence was found in the light, whereas for the scientist 
trying to capture and defi ne risk factors for infection, the 
essence may still be lurking in the shadows.
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Upcoming Issue
Spread of Adenovirus between Military Installations
Methicillin-Resistant Staphylococcus aureus, Southwestern 
Alaska
Tropheryma whipplei in Children with Gastroenteritis
Infl uenza Outbreaks during a Mass Gathering and 
Community Seasonal Infl uenza Activity
Virus Replication and Shedding after Onset of Pandemic 
(H1N1) 2009 Illness
Public Health Surveillance in the United States
Anaplasma phagocytophilum in Rodents and Sheep, China
Latent Tuberculosis among Persons at Risk for Infection 
with HIV, Tijuana, Mexico
Historical Distribution and Molecular Diversity of Bacillus 
anthracis, Kazakhstan
Effect of Pneumococcal Conjugate Vaccination Program, 
the Netherlands
Adenovirus 36 DNA in Adipose Tissue of Patient with Unusual 
Visceral Obesity
Extensively Drug-Resistant Tuberculosis, Burkina Faso
Vitamin D Defi ciency and Tuberculosis Disease Progression
Unusual Segments in 2 Rare Human Rotavirus Genomes

Complete list of articles in the May issue at
http://www.cdc.gov/eid/upcoming.htm

Upcoming Infectious
Disease Activities

April 27–29, 2009
Twelfth Annual Conference 
on Vaccine Research
Baltimore Marriott Waterfront Hotel
Baltimore, MD, USA
http://www.nfi d.org/conferences/
vaccine09

May 20–22, 2010
VIII International Conference on HFRS, 
HPS and Hantaviruses
Athens, Greece
http://www.hantavirusconference
2010.gr

July 11–14, 2010
International Conference on Emerging 
Infectious Diseases 2010
Hyatt Regency Atlanta
Atlanta, GA, USA
http://www.iceid.org

November 11–13, 2010
European Scientifi c Conference on 
Applied Infectious Disease 
Epidemiology (ESCAIDE)
Lisbon, Portugal
http://www.escaide.eu

Announcements
To submit an announcement, send an email message 
to EIDEditor (eideditor@cdc.gov). In 50–150 words, 
describe timely events of interest to our readers. In-
clude 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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Earning CME Credit
To obtain credit, you should fi rst read the journal article. After reading the article, you should be able to answer the fol-

lowing, related, multiple-choice questions. To complete the questions and earn continuing medical education (CME) credit, 
please go to www.medscapecme.com/journal/eid. Credit cannot be obtained for tests completed on paper, although you 
may use the worksheet below to keep a record of your answers. You must be a registered user on Medscape.com. If you 
are not registered on Medscape.com, please click on the New Users: Free Registration link on the left hand side of the 
website to register. Only one answer is correct for each question. Once you successfully answer all post-test questions 
you will be able to view and/or print your certifi cate. For questions regarding the content of this activity, contact the accred-
ited provider, CME@medscape.net. For technical assistance, contact CME@webmd.net. American Medical Association’s 
Physician’s Recognition Award (AMA PRA) credits are accepted in the US as evidence of participation in CME activities. 
For further information on this award, please refer to http://www.ama-assn.org/ama/pub/category/2922.html. The AMA has 
determined that physicians not licensed in the US who participate in this CME activity are eligible for AMA PRA Category 1 
Credits™. Through agreements that the AMA has made with agencies in some countries, AMA PRA credit is acceptable as 
evidence of participation in CME activities. If you are not licensed in the US and want to obtain an AMA PRA CME credit, 
please complete the questions online, print the certifi cate and present it to your national medical association.

Article Title
Community-associated Methicillin-Resistant Staphylococcus 

aureus Strains in Pediatric Intensive Care Unit

CME Questions

Activity Evaluation

1. Patients in the study cohort found to be colonized 
with community-acquired methicillin-resistant 
Staphylococcus aureus (CA-MRSA) were more likely to:
A.  Be adolescent-age boys
B.  Have been admitted to a general ward in a hospital in 

the prior 12 months
C.  Be white girls
D.  Have been admitted to an intensive care unit in the 

prior 12 months

2. Failure to screen a high-risk group, such as 
children, for MRSA colonization upon admission to a 
hospital may result in:
A.  Transmission of CA-MRSA strains among hospitalized 

children
B.  Transmission of hospital-acquired (HA)-MRSA strains 

among children in a community setting
C.  Transmission of CA-MRSA strains among children in a 

community setting
D.  Transmission of HA-MRSA strains among hospitalized 

children

3. Surveillance cultures done on admission in the 
study cohort detected:
A.  A large proportion of children colonized with HA-MRSA
B.  A small proportion of children infected with CA-MRSA
C.  A large proportion of children colonized with CA-MRSA
D.  A small proportion of children infected with HA-MRSA

4. The value of screening patients for MRSA on 
admission to a hospital is:
A.  Notifi cation of family members to initiate home 

decolonization regimen
B.  Initiation of isolation and contact precautions
C.  Early treatment of infection
D.  Early initiation of a decolonization regimen

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

1 2 3 4 5
4. The activity was presented objectively and free of commercial bias.

Strongly Disagree Strongly Agree
1 2 3 4 5
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Instructions to Authors

MANUSCRIPT PREPARATION. For word processing, use MS Word. List the fol-
lowing information in this order: title page, article summary line, keywords, ab-
stract, text, acknowledgments, biographical sketch, references, tables, fi gure 
legends, appendixes, and fi gures. Each fi gure should be in a separate fi le. 

Title Page. Give complete information about each author (i.e., full name, 
graduate degree(s), affi liation, and the name of the institution in which the 
work was done). Clearly identify the corresponding author and provide that 
author’s mailing address (include phone number, fax number, and email ad-
dress). Include separate word counts for abstract and text. 

Keywords. Include up to 10 keywords; use terms listed in Medical Subject 
Headings Index Medicus.

Text. Double-space everything, including the title page, abstract, refer-
ences, tables, and fi gure legends. Indent paragraphs; leave no extra space 
between paragraphs. After a period, leave only one space before beginning 
the next sentence. Use 12-point Times New Roman font and format with 
ragged right margins (left align). Italicize (rather than underline) scientifi c 
names when needed. 

Biographical Sketch. Include a short biographical sketch of the fi rst au-
thor—both authors if only two. Include affi liations and the author’s primary 
research interests. 

References. Follow Uniform Requirements (www.icmje.org/index.html). 
Do not use endnotes for references. Place reference numbers in parenthe-
ses, not superscripts. Number citations in order of appearance (including in 
text, fi gures, and tables). Cite personal communications, unpublished data, 
and manuscripts in preparation or submitted for publication in parentheses in 
text. Consult List of Journals Indexed in Index Medicus for accepted journal 
abbreviations; if a journal is not listed, spell out the journal title. List the fi rst 
six authors followed by “et al.” Do not cite references in the abstract.

Tables. Provide tables within the manuscript fi le, not as separate fi les. Use 
the MS Word table tool, no columns, tabs, spaces, or other programs. Footnote 
any use of boldface. Tables should be no wider than 17 cm. Condense or di-
vide larger tables. Extensive tables may be made available online only.  

Figures. Provide fi gures as separate fi les, not embedded in MS Word. 
Use Arial font for text content. Place keys within fi gure area. Provide foot-
notes and other information (e.g., source/copyright data, explanation of bold-
face) in fi gure legend. Submit fi gures with text content in native, editable, PC 
fi le formats (e.g., MS Excel/PowerPoint). Submit image fi les (e.g., electro-
micrographs) without text content as high-resolution (300 dpi/ppi minimum) 
TIFF or JPG fi les. Submit separate fi les for multiple fi gure panels (e.g., A, B, 
C). EPS fi les are admissible but should be saved with fonts embedded (not 
converted to lines). No PNG or BMP fi les are admissible. For additional guid-
ance, contact fue7@cdc.gov or 404-639-1250.

MANUSCRIPT SUBMISSION. Include a cover letter indicating the proposed 
category of the article (e.g., Research, Dispatch) and verifying that the fi nal 
manuscript has been seen and approved by all authors. Complete provided 
Authors Checklist. To submit a manuscript, access Manuscript Central from 
the Emerging Infectious Diseases web page (www.cdc.gov/eid).

Types of Articles

Perspectives. Articles should be under 3,500 words and should include 
references, not to exceed 40. Use of subheadings in the main body of the 
text is recommended. Photographs and illustrations are encouraged. Pro-
vide a short abstract (150 words), a one-sentence summary of the conclu-
sions, and a brief biographical sketch. Articles in this section should provide 
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