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Genotyping Approach for
Potential Common Source of
Enterocytozoon bieneusi Infection
in Hematology Unit
Guillaume Desoubeaux, Céline Nourrisson, Maxime Moniot, Marie-Alix De Kyvon,
Virginie Bonnin, Marjan Ertault De La Bretonniére, Virginie Morange, Éric Bailly,
Adrien Lemaignen, Florent Morio, Philippe Poirier

Microsporidiosis is a fungal infection that generally causes
digestive disorders, especially in immunocompromised
hosts. Over a 4-day period in January 2018, 3 patients with
hematologic malignancies who were admitted to the hematology unit of a hospital in France received diagnoses of Enterocytozoon bieneusi microsporidiosis. This unusually high
incidence was investigated by sequence analysis at the internal transcribed spacer rDNA locus and then by 3 microsatellites and 1 minisatellite for multilocus genotyping. The
3 isolates had many sequence similarities and belonged to
a new genotype closely related to genotype C. In addition,
multilocus genotyping showed high genetic distances with
all the other strains collected from epidemiologically unrelated persons; none of these strains belonged to the new
genotype. These data confirm the epidemiologic link among
the 3 patients and support a common source of infection.

M

icrosporidia are spore-forming eukaryotic and opportunistic intracellular pathogens related to fungi (1,2).
Microsporidiosis usually occurs in the form of isolated
cases in immunocompromised patients, including HIV-infected persons and solid-organ transplant recipients (1) but
can also arise in travelers and is common in children in developing countries. Infection causes digestive disorders, including diarrhea (1,3). Microsporidia are orally transmitted
by interindividual contacts and likely less frequently transmitted by foodborne or waterborne spores from excreta of a
Author affiliations: Université de Tours, Tours, France
(G. Desoubeaux); CHU Bretonneau, Tours (G. Desoubeaux,
M.-A. De Kyvon, M. Ertault De La Bretonniére, V. Morange,
É. Bailly, A. Lemaignen); Université Clermont-Auvergne, Aubière,
France (C. Nourrisson, M. Moniot, V. Bonnin, P. Poirier); CHU
Gabriel-Montpied, Clermont-Ferrand, France (C. Nourrisson,
M. Moniot, P. Poirier); CHU Hôtel Dieu, Nantes, France (F. Morio);
Université de Nantes, Nantes (F. Morio)
DOI: https://doi.org/10.3201/eid2509.190311

wide range of host species (1,4). At least 16 microsporidian
species have been described in humans, but Enterocytozoon
bieneusi is the most common (5). However, little is known
about the actual epidemiology of E. bieneusi microsporidiosis, and there is a need for a better understanding of its
pathophysiology and parasitic cycle (3,5). Unfortunately,
epidemiologic studies are complicated because E. bieneusi
infection has a low incidence rate worldwide (6), and its
microbiological diagnosis is difficult and likely often overlooked (7). In addition, the species is not easy to cultivate
in vitro in routine practice. Investigations can be carried out
directly only from infected biologic samples, which usually
use DNA from fecal specimens (1,3,7).
More than 250 genotypes of E. bieneusi have been
identified on the basis of their internal transcribed spacer
(ITS) region (8,9). Depending on the ITS genotypes, zoonotic or host-adapted groups have been identified within
species. Phylogenetic studies were able to distinguish >10
groups; most ITS genotypes belonged to group 1, which
contains genotypes found in both humans and animals, including cats, pigs, and cattle (2). However, ITS sequencing
has certain limitations because the same ITS genotype can
be isolated from different host species and from different
regions. This possible strain diversity within 1 ITS genotype cannot be addressed by a single sequence-based genotyping technique (10).
In human and animal medicine, several molecular
techniques have been developed to investigate the epidemiology of transmissible agents (11–15), such as multilocus
sequence typing (MLST) analysis or mini/microsatellite
length polymorphism using short tandem-repeat markers.
A MLST method was developed in 2011 to discriminate
among E. bieneusi isolates (16). Four loci were analyzed
with 1 minisatellite (MS4) and 3 microsatellites (MS1,
MS3, and MS7). The combination of these 4 markers with
the ITS genotype allows for the determination of multilocus
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genotypes (MLGs). MLG analyses are useful to discriminate between isolates derived from various hosts (17) and
to detect mixed infections (18).
To assess epidemiologic links among 3 cases of E. bieneusi infections occurring concomitantly in a single hematology unit in a hospital in France, we used the MLG
analysis method. The results showed the utility of this approach in the investigation of a cluster of cases.
Materials and Methods
Ethics

The study patients gave informed consent for the use of
their samples in the research project. All their personal data
were anonymous. We received approval from the ethics
committee of the University Hospital of Tours (Center 1,
Espace de Réflexion Éthique, Région Centre-Val de Loire,
France). The study registration number 2015_003 was issued by the National Commission for Information Technology and Individual Freedom (Commission Nationale de
l’Informatique et des Libertés) on January 10, 2015. We
performed the study in accordance with the Code of Ethics
of the World Medical Association (Declaration of Helsinki) and complied with BRISQ guidelines (19). We received
technical and financial support from the French Microsporidiosis Network, assisted by the Clinical Research and Innovation Department (DRCI) of the University Hospital
of Clermont-Ferrand (Center 2) and the French National
Reference Center for Cryptosporidiosis.
Context of the Study

Center 1 is a university hospital in France that contains
2,008 inpatient beds and comprises 3 main sites spread
over a distance of a few kilometers. The hematology unit
is located in the Center for Adult Medicine (Tours, France;
latitude 47.3900474, longitude 0.6889268). Systematic surveillance and exhaustive registration of all cases of microsporidiosis began in the hospital in January 2011. During
January 2011–January 2018, there were 33,769 inpatient
admissions. Only 2 cases of E. bieneusi were diagnosed in
the hematology unit and the oncology department in patients admitted in 2017; these cases occurred at different
times. In contrast, 3 patients with hematologic malignancies, designated M01-05 to M01-07, received diagnoses of
E. bieneusi microsporidiosis during a 4-day period, January
12–16, 2018.
Biologic Procedures for Routine Diagnosis
of E. bieneusi Infection

All diarrheic fecal specimens and feces obtained from
high-risk patients, including HIV-positive persons, solidorgan/bone-marrow transplant recipients, and patients with
cancer or autoimmune diseases (1,20), were systematically
1626

screened for microsporidia in the parasitology–mycology
laboratory of center 1. The first-line diagnostic procedure
used a real-time qualitative PCR (qPCR) that targets the
18S rRNA gene of E. bieneusi. We performed genomic
DNA extraction with the QIAmp DNA Stool Mini Kit
(QIAGEN, https://www.qiagen.com), according to the
manufacturer’s instructions. We stored DNA extracts at
–20°C until subsequent analysis. We completed amplification with Eb and Eb5 oligonucleotide primers at a final concentration of 0.5 µmol/L and detected the 180-bp product
using the specific fluorescent TaqMan probe EbS2 in the
LightCycler 480 II apparatus (Roche, https://www.roche.
com) as described previously (7,21). We set the positive
cutoff value of qPCR at <39 quantitative cycles (Cq) and
tested each clinical sample in duplicate. We assessed inhibition with a positive exogenous internal control (Universal Inhibition Control Cy5; Diagenode, https://www.
diagenode.com). We confirmed all samples with positive
qPCR results using microscopy with specific staining of
microsporidia spores by the Uvitex 2B brightener (CibaGeigy, https://www.novartis.com) according to van Gool’s
method (22) (Appendix Figure 1, http://wwwnc.cdc.gov/
EID/article/25/9/19-0311-App1.pdf).
Study Population and Biologic Samples

In this study, we included all patients from center 1 who
were found to be positive for E. bieneusi detection during January 2011–December 2018; they were considered
a priori to be epidemiologically unrelated to the 3 cluster
cases (M01-05 to M01-07). We included 8 supplementary
control cases in the study: 4 were provided by a second university hospital, center 2 (Clermont-Ferrand, France; latitude 45.759549, longitude 3.089723), and the remaining
4 by another university hospital, center 3 (Nantes, France;
latitude 47.2121974, longitude –1.554346).
Genotyping of Clinical E. bieneusi Strains
Genotype Identification by Sequence Typing
of ITS rDNA Region

We amplified the DNA extract in a 25-µL final volume
and sequenced it for the ITS rDNA region. For patients
with multiple positive samples, we tested only the first
sample by genotyping. We used the MSP3 and MSP4B
primers (23). ITS PCR products were purified and nucleotide sequencing performed on both strands by Eurofins
Laboratories (https://www.eurofins.com). We compared
the 243-bp sequences obtained with all E. bieneusi sequences available from the National Center for Biotechnology Information using the BLAST algorithm (http://
blast.ncbi.nlm.nih.gov/Blast.cgi). We performed the
evolutionary analysis of E. bieneusi ITS genotypes with
MEGA version 7.0.26 (https://www.megasoftware.net)
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(24) and aligned all genotypes with 40 E. bieneusi ITS
genotype sequences from GenBank(9).
Minisatellite and Microsatellite Polymorphism Genotyping

We studied the genetic diversity of the clinical strains of
Enterocytozoon bieneusi further by analyzing 1 minisatellite (MS4) and 3 microsatellites (MS1, MS3, and MS7),
as previously described (16). We defined sequence types
by comparing MS sequences. We then performed multilocus analysis by combining ITS sequences with the 4
MS markers to define MLGs. We used the Clustal Omega
algorithm (https://www.ebi.ac.uk/Tools/msa/clustalo) for
sequence alignment and examined the relationship between MLGs by a median-joining network analysis using
Network version 5.0.1.1 and Network Publisher version
2.1.1.2 software (http://www.fluxus-engineering.com).
To confirm the clustering of cases, we also performed an
evolutionary analysis of combined nucleotide sequences
by the maximum likelihood method based on the Tamura
3-parameter model in MEGA version 7.0.26. We uploaded all sequences to GenBank (accession numbers in Appendix Table).
Transmission Map

We studied patient movements within center 1 and to identify possible sites where the 3 cluster cases with E. bieneusi
microsporidiosis (M01-05 to M01-07) may have come
into contact. To do so, we extracted dates of outpatient
visits and hospitalizations retrospectively from the medical records (Dossier Patient Partagé, Cerner SAS, Paris-La
Défense, France).
Results
Description of Cluster Cases

During January 1–December 31, 2018, we found 44 fecal
samples obtained from 25 patients at center 1 positive for
E. bieneusi (overall prevalence 0.53% of fecal samples;
Figure 1; Appendix Figure 1). The cohort of microsporidiosis cases included HIV-infected persons; solid-organ transplant recipients; and patients with hematologic malignancies, autoimmune diseases, or cirrhosis (Appendix Table).
The yearly frequency of diagnosis of E. bieneusi infection
varied randomly during the study period (Figure 1). The 3

cluster cases of E. bieneusi microsporidiosis (M01-05 to
M01-07) were diagnosed in the same hematology department over a 4-day period, January 12–16, 2018. All 3 patients had been admitted to the hospital for symptoms of diarrhea, deterioration of their general health status, or both.
No individual risk behaviors, including swimming in wild
rivers, consumption of nonpotable water, or close contact
with animals, were identified in these patients. They resided in towns that were geographically located at distances
28.7–104.0 km apart.
Full details of all their medical consultations and hospital admissions were available and in-hospital movements
collected (Figure 2). Only 1 period for possible direct patient-to-patient contact was determined: December 26–28,
2017, in the hematology inpatient department. The patients
were placed in neighboring rooms 15 and 17 days before
the first sample was found positive for E. bieneusi, the only
period of concomitant hospitalization. However, during
January 11–12, 2018, patients M01-06 and M01-07 spent
time in 3 different but closely located hospital wards: in
the short-stay oncology unit (M01-06) and in the hematology inpatient department and the oncology outpatient unit
(M01-07). These 3 clinical units are in the same hospital
building on the same floor and share the same food and
water supplies and some common healthcare staff.
ITS Genotyping of Clinical E. bieneusi Strains

We included 33 cases in our study; 25 from center 1, 4 from
center 2, and 4 from center 3 were successfully genotyped.
The remaining 8 cases were unavailable for genotyping
(Figure 1). On the basis of ITS rDNA sequencing, we determined that the 3 E. bieneusi strains from cluster cases
belonged to a new genotype, closely related to genotype C
(referred to hereafter as C-like01; Appendix Figure 2). We
identified 2 other new genotypes in the center 1 cohort: Clike04, which was closely related to genotype C (synonym
genotype II), and IV-like01, closely related to genotype IV
(synonym genotype K) (Appendix Figure 2). C-like01 and
C-like04 genotypes differed from genotype C by 1 singlenucleotide polymorphism (SNP), at positions 83 (G→A)
for the C-like01 genotype and 236 (G→A) for the C-like04
genotype. The IV-like01 genotype also differed from the
IV genotype by 1 SNP (G→A) at position 236 (Appendix Figure 3). Other genotypes identified in our study
Figure 1. Incident number and
ITS rDNA region genotypes of
Enterocytozoon bieneusi infection
cases (n = 25) in center 1 university
hospital, France, January 1, 2011–
December 31, 2018. ITS, internal
transcribed spacer.
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Figure 2. Hospitalization mapping for 3 patients with concomitant Enterocytozoon bieneusi microsporidiosis in the hematology unit of
Center 1 university hospital, France. On the x-axis, dates (month-year) range from 5 months before to 5 months after the outbreak; on
the y-axis, anonymous patient codes are given. The vertical arrow indicates the period December 26–28, 2017, when 2 patients, M01-05
and M01-07, were concomitantly housed in the same clinical department (FH in the hematology unit). DH, day hospitalization; FH, full
hospitalization; HICU, hematology intensive care unit; WH, week hospitalization.

(Appendix Table) belonged to genotypes C (n = 13), IV (n
= 3), and S9 (n = 2).
MLG Analyses

We performed MLG analyses using the combination of
ITS with MS1, MS3, MS4, and MS7 loci. In 3 of the 25
isolates (M01-18, M01-77, and M01-79), >1 MS markers could not be successfully amplified (Appendix Table).
Amplification efficiency was 96.0% for MS1, 92.0% for
MS3 and MS7, and 88.0% for MS4. Sequence analysis of
each MS marker showed a high diversity of sequence types
(STs). The MS3 marker was the least variable marker, with
only 5 different STs, followed by MS7 (8 STs) and MS4
(12 STs); MS1 was the most polymorphic, with 16 different STs (Appendix Table). Combination of ITS with MS
markers for the 22 complete isolates (isolates for which
all MS markers were successfully sequenced) resulted in
20 different MLGs (Appendix Table). Network analysis
confirmed that the 3 isolates from the cluster cases in the
hematology unit were very similar (Figure 3). M01-06 and
M01-07 were 100% identical among the 1,904 nt positions
analyzed. M01-05 differed slightly from MS7 at 1 tandem
repeat. Overall, phylogenetic analyses confirmed the close
relationship among the 3 isolates (Appendix Figure 4).
The MLG results, together with the short period between the occurrence of the 3 cluster cases and the association of the new C-like01 genotype with the cluster cases,
provided evidence that the isolates were epidemiologically
related. In addition, the MLG analyses showed a high heterogeneity among isolates belonging to the same ITS genotype. Only M01-06/M01-07 (C-like01 ITS genotype) from
cluster cases and M01-67/M01-68 (C-like04 ITS genotype)
were 100% identical to each other. M01-67 and M01-68
were isolated from 2 patients in center 1 during a 7-day
1628

period in 2017. M01-67 was isolated from a 61-year-old
woman admitted to the department of internal medicine
with rheumatoid purpura, and M01-68 was isolated from
a 70-year-old woman with hepatocellular carcinoma who
died after a hospital stay of 15 days in the hepatology department. The C-like04 genotype had also been identified
2 years previously in a patient (M01-72) from center 1.
However, this isolate was clearly different from the others
(Figure 3).
Discussion
The infection rate of intestinal microsporidiosis remains
elevated in children in developing countries (1). The incidence among the HIV-positive population has been greatly
reduced as a result of highly active antiretroviral tritherapy

Figure 3. Median-joining analysis of the multilocus sequence
typing (MLST) data for 22 Enterocytozoon bieneusi isolates
from 3 different hospital centers in France, determined by
using Network version 5.0.1.1 and Network Publisher version
2.1.1.2 software (http://www.fluxus-engineering.com). Circles
are proportional to the frequency of each genotype (a total of 20
multilocus genotypes were obtained based on segregating sites).
Pairwise differences >25 single-nucleotide polymorphisms (SNPs)
are shown close to branches, which were shortened for better
presentation. Gray shading indicates isolates from the cluster
investigated in this study. ITS, internal transcribed spacer.
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and subsequent immunity restoration (1). In addition to
sporadic cases in travelers, infections in new populations
of immunocompromised patients exposed to the disease
are now emerging; these populations include solid-organ
transplant recipients and patients who have cancer and hematologic malignancies. In our study, 1 of 25 patients from
center 1 was HIV positive, and 15 of 25 were solid-organ
transplant recipients (20,25). A recent monocentric study
in a hospital in France estimated the overall prevalence of
microsporidia spores in fecal samples over a 2-year period
at 1.1% (26).
To study the epidemiology of pathogens and specifically to address outbreaks (27), sequence typing has long
been considered to be the standard for most infectious
diseases (11–14). Many previous studies focused on E.
bieneusi were restricted to an overall determination of its
genotype and investigated only nucleotide sequences of the
ITS rDNA region (28,29). In 2011, Feng et al. reported a
MLST-based method for E. bieneusi genotyping (16). This
powerful tool has been widely used in animals and humans
to decipher genetic diversity within the E. bieneusi species
(10). We applied this method to an outbreak investigation.
The MLST method generated a great length of microsporidian DNA containing highly variable regions ranging
from 1,856 to 2,160 bp. Thus, the discriminatory power between E. bieneusi strains was much stronger by this technique than with ITS genotyping alone.
Using the MLST genotyping method, we defined the
E. bieneusi strains isolated from the 3 patients admitted to
the hematology unit as a new genotype (C-like01); these
strains were closely clustered. This finding supported the
conclusion that these patients shared the same strain, likely from a common source of contamination that remains
undetermined (18). In our study, hospitalization mapping
of the patients’ movements supported the hypothesis of
nosocomial acquisition. Because this was a retrospective
investigation, we were unable to evaluate the safety of
the food and beverages that were provided to the patients
in the hospital during the weeks before the report of the
outbreak (30).
Reports of community-acquired foodborne or waterborne microsporidiosis outbreaks are rare. The recent literature includes the massive epidemic in Lyon, France, with
an attack rate of 1.0% in HIV-positive patients each month
during the summer of 1995 (31). At that time, molecular
tools were not available to investigate the epidemiologic
links between microsporidian strains. In 2009, a probable
outbreak in a hotel in Sweden involving 135 persons with
an attack rate of 30.0% was associated with cucumber consumption (32). In that study, the authors stated that 6 E.
bieneusi strains were identified as genotype C, but no detailed genotyping was performed to investigate the genetic
relationships among the isolates. The authors reported the

incubation period of E. bieneusi infection in this outbreak
ranged from 0 to 21 days.
In our study, 2 of the 3 cluster case patients were hospitalized >15 days before their first symptoms, which is
compatible with nosocomial acquisition. The remaining
patient was admitted to the short-stay oncology unit for 2
days when microsporidiosis occurred, but he also visited
the hospital every month for regular medical consultations.
We cannot exclude the possibility that the transmission of
E. bieneusi involved asymptomatic persons, such as transiently colonized nurses and doctors or other patients as
direct person-to-person contacts (33). However, few studies have been able to provide molecular evidence that
colonized persons can serve as direct infectious sources
(3,12). Comprehensive demonstration of transmission is
hampered (34) because the time lapse for spore excretion
in the feces and the minimal infective inoculum are unknown. Indirect transmission is also a possibility because
the spores have protective walls formed of proteins and
chitin that would allow them to persist in the environment
for at least several weeks (3).
With respect to these findings, it is difficult to define a
robust method to prevent E. bieneusi infection in patients at
risk. Recent data support the inclusion of microsporidia on
the National Institutes of Health/Centers for Disease Control and Prevention biodefense category B list of pathogens
of concern for waterborne and foodborne transmission.
Unfortunately, official guidelines are scarce, especially regarding persons with hematologic malignancies. In HIVpositive patients with T-cell lymphocyte CD4+ count <200
cells/µL, the Centers for Disease Control and Prevention
strongly recommends reducing environmental exposure by
avoiding untreated water sources (level of evidence: AIII)
(35). Regardless of the context, we suggest that standard
hygiene precautions be used, including decontamination of
the hands with an alcohol-based rub. In addition, wearing
personal protective equipment when in close contact with
infected patients should be standard practice, as should
thorough cleaning of environmental surfaces.
In conclusion, our study presents a report of 3 cluster
cases of microsporidiosis in a hospital and provides strong
epidemiologic and molecular evidence of a common source
of contamination. We also demonstrate the high genetic diversity of Enterocytozoon bieneusi. Our findings suggest
that the MLG approach will further extend our knowledge
about the epidemiology of microsporidiosis and that incidence of nosocomial contamination may be more common
than previously recognized.
Acknowledgments
We thank the French Microsporidiosis Network and the French
National Reference Center of cryptosporidiosis for their support.
We are also grateful to Ophélie Derouard, Béatrice Champion-

Emerging Infectious Diseases • www.cdc.gov/eid • Vol. 25, No. 9, September 2019

1629

SYNOPSIS
Yzon, and Lucie Schwaar for their technical help in handling
the E. bieneusi strains and to Valentin Travia for his protocol
describing the qPCR method. We further thank Jeffrey Watts
for advice on the English version of the manuscript and Carolyn
Cray for editing the final submitted version.
This work was supported by the Direction de la Recherche
Clinique et de l’Innovation of the University Hospital of
Clermont-Ferrand, France, and by internal laboratory funding.

13.

14.

15.

About the Author
Prof. Desoubeaux is a parasitologist and mycologist
working in the University Hospital of Tours, France. His
primary research interest is in epidemiological investigations
of fungal diseases.

16.

References

17.

1.
2.
3.
4.
5.

6.

7.

8.

9.

10.

11.

12.

1630

Didier ES, Weiss LM. Microsporidiosis: current status. Curr
Opin Infect Dis. 2006;19:485–92. https://doi.org/10.1097/
01.qco.0000244055.46382.23
Mathis A, Weber R, Deplazes P. Zoonotic potential of the
microsporidia. Clin Microbiol Rev. 2005;18:423–45. https://doi.org/
10.1128/CMR.18.3.423-445.2005
Anane S, Attouchi H. Microsporidiosis: epidemiology, clinical
data and therapy. Gastroenterol Clin Biol. 2010;34:450–64.
https://doi.org/10.1016/j.gcb.2010.07.003
Wasson K, Peper RL. Mammalian microsporidiosis. Vet Pathol.
2000;37:113–28. https://doi.org/10.1354/vp.37-2-113
Stentiford GD, Becnel J, Weiss LM, Keeling PJ, Didier ES,
Williams BP, et al. Microsporidia—emergent pathogens in the
global food chain. Trends Parasitol. 2016;32:336–48.
https://doi.org/10.1016/j.pt.2015.12.004
Yakoob J, Abbas Z, Beg MA, Jafri W, Naz S, Khalid A, et al.
Microsporidial infections due to Encephalitozoon intestinalis in
non-HIV-infected patients with chronic diarrhoea. Epidemiol
Infect. 2012;140:1773–9. https://doi.org/10.1017/
S0950268811002639
Desoubeaux G, Caumont C, Passot C, Dartigeas C, Bailly E,
Chandenier J, et al. Two cases of opportunistic parasite infections
in patients receiving alemtuzumab. J Clin Pathol. 2012;65:92–5.
https://doi.org/10.1136/jclinpath-2011-200403
Santín M, Calero-Bernal R, Carmena D, Mateo M, Balseiro A,
Barral M, et al. Molecular characterization of Enterocytozoon
bieneusi in wild carnivores in Spain. J Eukaryot Microbiol.
2018;65:468–74. https://doi.org/10.1111/jeu.12492
Santín M, Fayer R. Enterocytozoon bieneusi genotype
nomenclature based on the internal transcribed spacer sequence:
a consensus. J Eukaryot Microbiol. 2009;56:34–8. https://doi.org/
10.1111/j.1550-7408.2008.00380.x
Li W, Xiao L. Multilocus sequence typing and population genetic
analysis of Enterocytozoon bieneusi: host specificity and its
impacts on public health. Front Genet. 2019;10:307.
https://doi.org/10.3389/fgene.2019.00307
Desoubeaux G, Debourgogne A, Wiederhold NP, Zaffino M,
Sutton D, Burns RE, et al. Multi-locus sequence typing provides
epidemiological insights for diseased sharks infected with fungi
belonging to the Fusarium solani species complex. Med Mycol.
2018;56:591–601. https://doi.org/10.1093/mmy/myx089
Le Gal S, Damiani C, Rouillé A, Grall A, Tréguer L, Virmaux M,
et al. A cluster of Pneumocystis infections among renal transplant
recipients: molecular evidence of colonized patients as potential

18.

19.

20.
21.

22.

23.

24.
25.

26.

27.

infectious sources of Pneumocystis jirovecii. Clin Infect Dis.
2012;54:e62–71. https://doi.org/10.1093/cid/cir996
Maitte C, Leterrier M, Le Pape P, Miegeville M, Morio F.
Multilocus sequence typing of Pneumocystis jirovecii from clinical
samples: how many and which loci should be used? J Clin
Microbiol. 2013;51:2843–9. https://doi.org/10.1128/JCM.01073-13
Desoubeaux G, Dominique M, Morio F, Thepault R-A,
Franck-Martel C, Tellier A-C, et al. Epidemiological outbreaks of
Pneumocystis jirovecii pneumonia are not limited to kidney
transplant recipients: genotyping confirms common source of
transmission in a liver transplantation unit. J Clin Microbiol.
2016;54:1314–20. https://doi.org/10.1128/JCM.00133-16
Hadrich I, Neji S, Drira I, Trabelsi H, Mahfoud N, Ranque S, et al.
Microsatellite typing of Aspergillus flavus in patients with various
clinical presentations of aspergillosis. Med Mycol. 2013;51:586–
91. https://doi.org/10.3109/13693786.2012.761359
Feng Y, Li N, Dearen T, Lobo ML, Matos O, Cama V, et al.
Development of a multilocus sequence typing tool for highresolution genotyping of Enterocytozoon bieneusi. Appl
Environ Microbiol. 2011;77:4822–8. https://doi.org/10.1128/
AEM.02803-10
Li W, Wan Q, Yu Q, Yang Y, Tao W, Jiang Y, et al. Genetic
variation of mini- and microsatellites and a clonal structure in
Enterocytozoon bieneusi population in foxes and raccoon dogs
and population differentiation of the parasite between fur animals
and humans. Parasitol Res. 2016;115:2899–904. https://doi.org/
10.1007/s00436-016-5069-3
Widmer G, Dilo J, Tumwine JK, Tzipori S, Akiyoshi DE. Frequent
occurrence of mixed Enterocytozoon bieneusi infections in humans.
Appl Environ Microbiol. 2013;79:5357–62. https://doi.org/10.1128/
AEM.01260-13
Moore HM, Kelly AB, Jewell SD, McShane LM, Clark DP,
Greenspan R, et al. Biospecimen reporting for improved study
quality (BRISQ). Cancer Cytopathol. 2011;119:92–102.
https://doi.org/10.1002/cncy.20147
Didier ES, Weiss LM. Microsporidiosis: not just in AIDS patients.
Curr Opin Infect Dis. 2011;24:490–5. https://doi.org/10.1097/
QCO.0b013e32834aa152
Lejeune A, Espern A, Phung DC, Nguyen TC, Miegeville M.
Presentation of the first Enterocytozoon bieneusi intestinal
microsporidia case in an HIV patient, Hanoï, Vietnam [in French].
Med Mal Infect. 2005;35:425–6. https://doi.org/10.1016/
j.medmal.2005.06.003
van Gool T, Dankert J. Human microsporidiosis: clinical,
diagnostic and therapeutic aspects of an increasing infection. Clin
Microbiol Infect. 1995;1:75–85. https://doi.org/10.1111/
j.1469-0691.1995.tb00450.x
Katzwinkel-Wladarsch S, Lieb M, Heise W, Löscher T, Rinder H.
Direct amplification and species determination of microsporidian
DNA from stool specimens. Trop Med Int Health. 1996;1:373–8.
https://doi.org/10.1046/j.1365-3156.1996.d01-51.x
Tamura K, Stecher G, Peterson D, Filipski A, Kumar S. MEGA6:
Molecular Evolutionary Genetics Analysis version 6.0. Mol Biol
Evol. 2013;30:2725–9. https://doi.org/10.1093/molbev/mst197
Galván AL, Martin Sánchez AM, Pérez Valentín MA,
Henriques-Gil N, Izquierdo F, Fenoy S, et al. First cases of
microsporidiosis in transplant recipients in Spain and review
of the literature. J Clin Microbiol. 2011;49:1301–6.
https://doi.org/10.1128/JCM.01833-10
Greigert V, Pfaff AW, Abou-Bacar A, Candolfi E, Brunet J.
Intestinal microsporidiosis in Strasbourg from 2014 to 2016:
emergence of an Enterocytozoon bieneusi genotype of Asian origin.
Emerg Microbes Infect. 2018;7:1–7. https://doi.org/10.1038/
s41426-018-0099-9
van Diepeningen AD, Feng P, Ahmed S, Sudhadham M,
Bunyaratavej S, de Hoog GS. Spectrum of Fusarium infections in

Emerging Infectious Diseases • www.cdc.gov/eid • Vol. 25, No. 9, September 2019

Genotyping Approach for E. bieneusi Infection

28.

29.

30.

31.

32.

tropical dermatology evidenced by multilocus sequencing typing
diagnostics. Mycoses. 2015;58:48–57. https://doi.org/10.1111/
myc.12273
Pomares C, Santín M, Miegeville M, Espern A, Albano L,
Marty P, et al. A new and highly divergent Enterocytozoon bieneusi
genotype isolated from a renal transplant recipient. J Clin
Microbiol. 2012;50:2176–8. https://doi.org/10.1128/JCM.06791-11
Zhang X, Wang Z, Su Y, Liang X, Sun X, Peng S, et al.
Identification and genotyping of Enterocytozoon bieneusi in
China. J Clin Microbiol. 2011;49:2006–8. https://doi.org/10.1128/
JCM.00372-11
Ben Ayed L, Yang W, Widmer G, Cama V, Ortega Y, Xiao L.
Survey and genetic characterization of wastewater in Tunisia for
Cryptosporidium spp., Giardia duodenalis, Enterocytozoon
bieneusi, Cyclospora cayetanensis and Eimeria spp. J Water
Health. 2012;10:431–44. https://doi.org/10.2166/wh.2012.204
Cotte L, Rabodonirina M, Chapuis F, Bailly F, Bissuel F, Raynal C,
et al. Waterborne outbreak of intestinal microsporidiosis in persons
with and without human immunodeficiency virus infection. J Infect
Dis. 1999;180:2003–8. https://doi.org/10.1086/315112
Decraene V, Lebbad M, Botero-Kleiven S, Gustavsson A-M,
Löfdahl M. First reported foodborne outbreak associated

33.

34.

35.

with microsporidia, Sweden, October 2009. Epidemiol Infect.
2012;140:519–27. https://doi.org/10.1017/S095026881100077X
Scaglia M, Gatti S, Sacchi L, Corona S, Chichino G, Bernuzzi AM,
et al. Asymptomatic respiratory tract microsporidiosis due to
Encephalitozoon hellem in three patients with AIDS. Clin Infect
Dis. 1998;26:174–6. https://doi.org/10.1086/516264
Choukri F, Menotti J, Sarfati C, Lucet J-C, Nevez G, Garin YJF,
et al. Quantification and spread of Pneumocystis jirovecii in the
surrounding air of patients with Pneumocystis pneumonia.
Clin Infect Dis. 2010;51:259–65. https://doi.org/10.1086/
653933
Kaplan JE, Benson C, Holmes KK, Brooks JT, Pau A, Masur H,
et al. Guidelines for prevention and treatment of opportunistic
infections in HIV-infected adults and adolescents: recommendations
from CDC, the National Institutes of Health, and the HIV Medicine
Association of the Infectious Diseases Society of America. MMWR
Recomm Rep. 2009;58:1–207.

Address for correspondence: Philippe Poirier, CHU Gabriel-Montpied,
Laboratoire de Parasitologie-Mycologie, 58 Rue Montalembert, 63000
Clermont-Ferrand, France; email: ppoirier@chu-clermontferrand.fr

etymologia

Sporothrix [spor′o-thriks] schenckii
Fábio P. Sellera, Carlos E. Larsson

F

rom the Greek sporotrich and later from the Latin spor- (spore) +
thrix (hair), Sporothrix schenckii was named as a tribute to Benjamin Schenck, a medical student at the Johns Hopkins Hospital, who first
isolated the fungus from a patient who had lesions on the right hand and
arm in 1896. This fungus was erroneously assigned to the genus Sporotrichum until 1962, when it was reclassified as Sporothrix.
S. schenckii is a saprophyte and pathogenic fungus that is responsible for sporotrichosis that is endemic mostly to tropical and subtropical regions. Sporotrichosis (also known as “rose gardener’s disease”) was
related primarily to agricultural workers who had cuts or abrasions in the
skin, and later to scratches and bites from companion and wild animals.
Currently, it is recognized that S. schenckii is a species complex that includes S. brasiliensis, S. globosa, S. mexicana, S. luriei, and S. schenckii
sensu stricto.
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Epidemiology of CarbapenemaseProducing Klebsiella pneumoniae
in a Hospital, Portugal
Marta Aires-de-Sousa, José Manuel Ortiz de la Rosa, Maria Luísa Gonçalves,
Ana Luísa Pereira, Patrice Nordmann, Laurent Poirel

We aimed to provide updated epidemiologic data on carbapenem-resistant Klebsiella pneumoniae in Portugal by characterizing all isolates (N = 46) recovered during 2013–2018 in
a 123-bed hospital in Lisbon. We identified blaKPC-3 (n = 36),
blaOXA-181 (n = 9), and blaGES-5 (n = 8) carbapenemase genes
and observed co-occurrence of blaKPC-3 and blaGES-5 in 7 isolates. A single GES-5–producing isolate co-produced the
extended-spectrum β-lactamase BEL-1; both corresponding genes were co-located on the same ColE1-like plasmid.
The blaOXA-181 gene was always located on an IncX3 plasmid,
whereas blaKPC-3 was carried on IncN, IncFII, IncFIB, and
IncFIIA plasmid types. The 46 isolates were distributed into
13 pulsotypes and 9 sequence types. All isolates remained
susceptible to ceftazidime/avibactam, but some exhibited reduced antimicrobial susceptibility (MIC = 3 mg/L).

K

lebsiella pneumoniae is a major cause of hospital-acquired infections, mainly responsible for urinary, respiratory, and bloodstream infections, as well as infections
in intensive care unit (ICU) patients. The emergence of antimicrobial resistance, in particular the rise of carbapenemresistant isolates, is a serious concern for the management
of infections caused by K. pneumoniae because treatment
alternatives are limited. Therefore, carbapenem-resistant
K. pneumoniae are ranked among the recently published
World Health Organization list of antibiotic-resistant “priority/critical” pathogens, for which research and development of new antibiotics is required (1).
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Portuguesa, Lisbon, Portugal (M. Aires-de-Sousa); Instituto de
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L. Poirel); University of Lausanne, Lausanne, Switzerland
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Carbapenem resistance in K. pneumoniae arises from
2 main mechanisms: permeability defects combined with
overexpression of a β-lactamase with weak carbapenemase
activity (mostly CTX-M or AmpC cephalosporinases) and
the acquisition of carbapenemases (2). Carbapenemase enzymes belong to 3 different Ambler classes (3). Class A includes the KPC-type enzyme, which has been extensively
reported in K. pneumoniae; to date, although >20 different
KPC variants have been described, KPC-2 and KPC-3 remain the most common types (4). In addition, a few studies
reported the carbapenemase GES-5 (a point mutant derivative of the extended-spectrum β-lactamase [ESBL] GES1) in K. pneumoniae (5). Class B includes the metallo-βlactamases, which are mainly NDM-, VIM-, and IMP-type
enzymes, and class D includes OXA-48–like β-lactamases.
The first clinical carbapenemase-producing K. pneumoniae in Portugal was isolated at a Lisbon hospital in
2009 (6). Since then, only sporadic infection isolates and
single hospital cases have been reported (7,8), as well as
a single outbreak of KPC-3–producing K. pneumoniae in
2013 (9). Surprisingly, no other carbapenemase type, such
as OXA-48 and derivatives that are widespread in other
countries in Europe (8), has been identified in K. pneumoniae in Portugal so far. A survey of Enterobacteriaceae
collected in 13 hospitals in Portugal confirmed a low prevalence of carbapenemase producers in the country until 2013
(35/2105 [1.7%]) and a predominance of K. pneumoniae
KPC-3 producers (10). However, in 2017, according to the
annual report of the European Centre for Disease Prevention and Control on antimicrobial resistance in Europe,
8.6% of K. pneumoniae causing invasive infections in Portugal were resistant to carbapenems (11). That report also
showed that Portugal faced an annual increasing trend of
carbapenem resistance among K. pneumoniae since 2014
(1.8% in 2014, 3.4% in 2015, 5.2% in 2016, and 8.6% in
2017), exceeding the overall prevalence for Europe (7.2%).
Nevertheless, data on the molecular epidemiology of nosocomial carbapenemase-producing K. pneumoniae in Portugal are still limited, and the existing studies include isolates
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recovered until 2014 only (10,12,13). Therefore, the aim
of our study was to provide updated epidemiologic data on
contemporary carbapenemase-producing K. pneumoniae in
an acute-care facility hospital in Portugal by characterizing a collection of nonrepetitive isolates recovered during a
6-year period (2013–2018).
Materials and Methods
Bacterial Isolates

Carbapenemase-producing K. pneumoniae isolates (N =
46) recovered during 2013 (n = 1), 2014 (n = 1), 2016 (n =
9), 2017 (n = 12), and 2018 (n = 23) in a 123-bed hospital
(SAMS Hospital) in Lisbon, Portugal, were used for our
study. All isolates were from single patients and recovered
from colonization and infection sites: rectal swabs (n = 20),
urine (n = 15), sputum (n = 4), blood (n = 4), and other
sites (n = 3). The isolates were obtained from 22 inpatients
(ICU, n = 7; medicine ward, n = 11; surgery ward, n = 3;
other, n = 1) and 24 outpatients (emergency department, n
= 21; ambulatory consultation, n = 3).
Susceptibility Testing

We performed antimicrobial susceptibility testing by using the disk diffusion method on Mueller-Hinton agar
plates (Bio-Rad, http://www.bio-rad.com) for amoxicillin,
amoxicillin/clavulanic acid, ticarcillin, ticarcillin/clavulanic acid, piperacillin, piperacillin/tazobactam, temocillin,
ceftazidime, cefotaxime, cefoxitin, aztreonam, imipenem,
ertapenem, meropenem, gentamicin, amikacin, ciprofloxacin, tigecycline, trimethoprim-sulfamethoxazole (SXT),
and fosfomycin, following EUCAST recommendations
(http://www.eucast.org). We determined MICs for imipenem, ertapenem, meropenem, and ceftazidime/avibactam
by Etest (bioMérieux, http://www.biomerieux.com). Interpretation of MICs and zone diameters followed EUCAST
breakpoint tables (http://www.eucast.org/fileadmin/src/
media/PDFs/EUCAST_files/Breakpoint_tables/v_9.0_
Breakpoint_Tables.pdf).
We assessed selection of carbapenemase producers
by using the Rapidec Carba NP test (bioMérieux) (14). In
addition, we evaluated colistin susceptibility by using the
Rapid Polymyxin NP test (ELITechGroup Microbiology,
http://www.elitechgroup.com) (15).
Molecular Analysis

We identified carbapenemases (16) and ESBL genes (17)
and detected the mcr-type colistin-resistance gene (18) by
using PCR amplification, followed by sequencing of the
amplicons. We used standard PCR conditions to amplify
the β-lactamase gene blaCMY, encoding plasmid-mediated
cephalosporinases (19), and the qnrS quinolone resistance
gene (20). We detected the blaOXA-9 gene encoding a narrow-

spectrum class D β-lactamase by using PCR amplification
with primers OXA-9 FW 5′-ATGAAGGATACCTTGATGAAAAA-3′ and OXA-9 RW 5′-TCATTTGTTACCCATCAACACG-3′.
We evaluated the clonal relationship of the isolates by
pulsed-field gel electrophoresis (PFGE), as described previously (21). We performed multilocus sequence typing
(MLST) for a representative strain of each PFGE type and
assigned sequence types (STs) by using the MLST database for K. pneumoniae (http://bigsdb.pasteur.fr/klebsiella/
klebsiella.html).
Conjugation Experiments and Plasmid Analysis

We performed mating-out assays by using the azideresistant Escherichia coli J53 as the recipient. We separately inoculated donors carrying E. coli J53 and blaKPC-3
or blaOXA-181 overnight into LB broth (5 mL) and incubated, then subsequently mixed samples at a ratio of 10:1
(donor:recipient) for 5 h. We deposited 100 µL of this mix
onto 22-µm filters and incubated overnight at 37°C on LB
agar plates. After the incubation, we resuspended filters in
0.85% NaCl, then plated 100 µL of this mixture onto LB
agar plates supplemented with ticarcillin (100 µg/mL) and
azide (100 µg/mL). We performed susceptibility testing
for all E. coli transconjugants and assessed positivity for
blaKPC-3 or blaOXA-181 by using PCR.
We classified plasmids according to their incompatibility group by using the PCR-based replicon typing
method as described previously (22). We characterized the
plasmid carrying blaBEL-1 and blaGES-5 genes by using primers for ColE1-like plasmids, as previously described (23).
Results
Among the 46 carbapenemase-producing isolates, the most
common carbapenemase identified was KPC-3 (n = 36
[78%]), followed by OXA-181 (n = 9 [20%]) and GES-5 (n
= 8 [17%]) (Table). Seven isolates co-harbored >1 carbapenemase gene (blaKPC-3 and blaGES-5). The blaOXA-9 gene encoding a narrow-spectrum class D β-lactamase was identified
in 31 isolates, all of which were KPC-3 producers. A single
GES-5–producing isolate co-produced the ESBL BEL-1.
Mating-out assays followed by PCR-based replicon
typing revealed that the blaOXA-181 gene was always located
onto an IncX3 plasmid, whereas the blaKPC-3 gene was carried onto IncN, IncFII, IncFIB, and IncFIIA plasmid types.
The genes blaGES-5 and blaBEL-1 were co-located on the same
ColE1-like plasmid.
Antimicrobial susceptibility testing showed that 13
(28%) of the 46 carbapenemase producers were susceptible to imipenem (MIC <0.5 mg/L) and 10 (22%) isolates
were susceptible to meropenem (MIC <1 mg/L). Eight
(17%) isolates were susceptible to both carbapenems, and
all except 1 were OXA-181 producers (p<0.001). The
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Table. Characteristics of 46 carbapenemase-producing Klebsiella pneumoniae isolates collected in a hospital in Portugal, 2013–2018*
PFGE
Isolation
No.
Resistance
Plasmid
MIC for ceftazidime/
type
ST
year†
isolates
determinants‡
type§
avibactam, mg/L
Nonsusceptible phenotype¶
2016 (6)
blaKPC-3, blaGES-5,
A
147
7 (15%)
IncFII/ColE1
1.5–3
PPT, TCC, AMC, CZD, CTX,
2018 (1)
blaOXA-9, qnrS
IncN/ColE1
FOX, ATM, IMP, ETP, MEM,
GMI (6), AKN (6), CIP, TIG (1),
SXT
blaKPC-3, blaOXA-9, qnrS
B
147
2016 (2)
6 (13%)
IncFII
1–2
PPT, TCC, AMC, CZD, CTX,
2017 (2)
FOX, ATM, IMP, ETP, MEM,
2018 (2)
GMI, AKN, CIP, TIG, SXT
blaKPC-3, qnrS
C
231
2014 (1)
3
IncFII
1.5
PPT, TCC, AMC, CZD, CTX,
blaKPC-3, blaOXA-9, qnrS
2017 (1)
FOX, ATM, IMP (2), ETP,
blaKPC-3, blaOXA-9, qnrS
MEM, GMI (2), AKN (2), CIP,
2018 (1)
TIG (1), SXT
blaKPC-3, blaOXA-9, qnrS
D
13
2017 (2)
7 (15%)
IncFIB
0.75–2
PPT, TCC, AMC, CZD, CTX,
2018 (5)
blaKPC-3, blaOXA-9 (3),
FOX, ATM, IMP (4), ETP,
MEM, GMI (5), AKN (4), CIP
qnrS
(2), TIG (1), FOS (1), SXT
blaKPC-3, blaOXA-9 (1),
E
147
2017 (2)
3
IncFIIA
0.75–1.5
PPT, TCC, AMC, CZD, CTX,
qnrS
FOX, ATM, IMP, ETP, MEM,
blaKPC-3, blaOXA-9, qnrS
GMI (1), AKN (1), CIP, TIG (1),
2018 (1)
SXT (2)
blaKPC-3, qnrS
F
960
2013
1
IncN
2
PPT, TCC, AMC, CZD, CTX,
FOX, ATM, IMP, ETP, MEM,
SXT
blaKPC-3, blaOXA-9, qnrS
G
348
2017 (1)
7 (15%)
IncFII
0.5–2
PPT, TCC, AMC, CZD, CTX,
2018 (6)
blaKPC-3, blaOXA-9 (5),
FOX, ATM, IMP (6), ETP,
MEM, GMI (6), AKN (5), CIP
qnrS
(6), TIG (2), FOS (1), SXT (6),
COL (1)
blaKPC-3, blaOXA-9, qnrS
H
45
2017
1
IncFII
0.75
PPT, TCC, AMC, CZD, CTX,
FOX, ATM, IMP, ETP, CIP,
SXT
blaKPC-3, blaOXA-9, qnrS
I
35
2018
1
IncN
0.75
PPT, TCC, AMC, CZD, CTX,
FOX, ATM, IMP, ETP, MEM,
GMI, AKN, CIP, SXT
blaOXA-181, qnrS
J
17
2016 (1)
6 (13%)
IncX3
0.125–0.25
PPT, TCC, AMC, CZD, CTX,
2017 (1)
FOX (5), ATM, IMP (3), ETP,
2018 (4)
GMI (5), AKN (3), CIP, SXT
blaOXA-181, qnrS
L
17
2017
1
IncX3
0.25
PPT, TCC, AMC, CZD, CTX,
ATM, ETP, GMI, CIP, SXT
blaOXA-181, qnrS
M
35
2017 (1)
2
IncX3
0.25
PPT, TCC, AMC, CZD, CTX,
FOX, ATM, ETP, GMI, CIP,
SXT
2018 (1)
PPT, TCC, AMC, CZD, CTX,
ATM, ETP, CIP, SXT
blaGES-5, blaBEL-1, qnrS
N
29
2018
1
ColE
0.5
PPT, TCC, AMC, CZD, FOX,
FOS
*AKN, amikacin; AMC, amoxicillin/clavulanic acid; ATM, aztreonam; CIP, ciprofloxacin; COL, colistin; CTX, cefotaxime; CZD, ceftazidime; ETP,
ertapenem; FOS, fosfomycin; FOX, cefoxitin; GMI, gentamicin; IMP, imipenem; MEM, meropenem; PFGE, pulsed-field gel electrophoresis; PPT,
piperacillin/tazobactam; ST, sequence type (determined by multilocus sequence typing); SXT, trimethoprim/sulfamethoxazole; TCC, ticarcillin/clavulanic
acid; TIG, tigecycline.
†Periods for which the clonal type is clearly predominant shown in bold. Numbers in parentheses indicate number of isolates recovered for each year
listed.
‡Carbapenemase genes are shown in bold. Numbers in parentheses indicate the number of isolates that carry the resistance gene, if not all.
§Type of the plasmid carrying the carbapenemase gene.
¶Numbers in parentheses indicate number of isolates that are nonsusceptible to the antimicrobial agent, if not all.

remaining isolate harbored blaGES-5 and blaBEL-1 and was
also susceptible to ertapenem (MIC 0.25 mg/L). This isolate was the only isolate showing susceptibility to aztreonam. Despite the low MICs for carbapenems, all isolates
grew on the chromID CARBA SMART agar (bioMérieux); the OXA-181 producers grew on the OXA side,
whereas the GES-5/BEL-1 producer grew on the CARBA
side, as did all KPC producers.
1634

A substantial proportion of isolates showed reduced
susceptibility to SXT (93%), ciprofloxacin (85%), gentamicin (76%), and amikacin (63%). In addition, nonsusceptibility to tigecycline was found in 28% of the isolates, resistance to fosfomycin in 3 isolates, and resistance to colistin
in 1 isolate (i.e., negative for mcr-type genes). All isolates
remained susceptible to ceftazidime/avibactam (MIC values
ranging from 0.125 to 3 mg/L), although some exhibited

Emerging Infectious Diseases • www.cdc.gov/eid • Vol. 25, No. 9, September 2019

Carbapenemase-Producing K. pneumoniae, Portugal

reduced susceptibility (resistance breakpoint >8 mg/L). Isolates co-possessing blaKPC-3 and blaGES-5 genes showed higher MICs for ceftazidime/avibactam (>1.5 mg/L [p = 0.014]),
whereas isolates producing carbapenemase OXA-181 had
lower values (<0.25 mg/L [p<0.001]).
The plasmid-mediated quinolone resistance gene
qnrS was present in all isolates. No isolates carried the
β-lactamase gene blaCMY.
PFGE analysis distributed the 46 isolates into 13 pulsotypes (Table). PFGE type A included the 7 isolates coproducing KPC-3 and GES-5 carbapenemases. The 29 isolates producing KPC-3 alone belonged to 8 different PFGE
types: B (n = 6), C (n = 3), D (n = 7), E (n = 3), F (n = 1),
G (n = 7), H (n = 1), and I (n = 1). PFGE types J (n = 6),
L (n = 1), and M (n = 2) included the 9 isolates that were
positive for blaOXA-181, and the 1 isolate co-producing GES5 and BEL-1 belonged to PFGE type N.
By using MLST, we found that the 13 PFGE types corresponded to 9 STs (Table). These STs were ST147 (n = 16
[35%]), ST13 (n = 7 [15%]), ST17 (n = 7 [15%]), ST348 (n
= 7 [15%]), ST231 (n = 3 [7%]), ST35 (n = 3 [7%]), ST29
(n = 1), ST45 (n = 1), and ST960 (n = 1).
Analyzing the different clonal types over time (Figure), we observed that clone F-ST960 (KPC-3), recovered
in 2013 in a single isolate, was no longer detected in the
following years. Clone A-ST147 (KPC-3/GES-5), which
was 1 of the 2 major clones found in our study, was clearly
predominant in 2016 (6/7 isolates) but became a sporadic clone in 2018 (1 isolate). Conversely, clone G-ST348
(KPC-3), which emerged as a single isolate in 2017, became the major clone in 2018; this clone and clone D-ST13
are currently the predominant KPC-3 clones in the hospital. The first OXA-181 isolate was detected in 2016 (clone
J-ST17), and although the 9 isolates producing this enzyme
were distributed into 3 clones, J-ST17 became the predominant OXA-181 clone in 2018. The diversity of clones
among carbapenemase producers increased over time together with the increase of isolates, especially in 2017 (9
clones among 12 isolates) (Figure).
Discussion
Our epidemiologic study describes the evolution of carbapenem-resistant K. pneumoniae over time in a hospital in Portugal, including contemporary isolates recovered after 2014.
We report an increasing rate of carbapenemase producers in
this hospital since 2016, which is consistent with the rise of
carbapenem-resistant isolates in the country as reported by
the European Centre for Disease Prevention and Control (11).
We found a clear predominance (78%) of K. pneumoniae KPC-3 producers, as observed in previous studies
describing isolates in Portugal until 2014 (10,24,25). The
KPC-3 producers belonged to a high diversity of clones
(n = 9), and the blaKPC-3 gene was carried onto 4 plasmid

Figure. Evolution of clonal types of carbapenem-producing
Klebsiella pneumoniae in a hospital in Portugal, 2013–2018.
ST, sequence type.

types (IncN, IncFII, IncFIB, and IncFIIA). Therefore, the
increasing number of KPC-3–producing isolates in this
hospital might result mainly from recurrent introductions
of those strains rather than the dissemination of specific
plasmids or particular clones. ST147 was the predominant
background type identified, either producing KPC-3 or
OXA-181, which correlates with previous findings showing that this ST (belonging to clonal complex 258, as commonly found with KPC-2 or KPC-3 producers worldwide)
was mainly associated with the spread of KPC-3-producing
K. pneumoniae in the community in North Portugal (25).
Furthermore, most KPC-3–producing isolates (n = 31
[86%]) also carried the narrow-spectrum class D β-lactamase
blaOXA-9. This association has been previously described in
an Enterobacter cloacae strain from a patient in France who
was transferred from a hospital in the United States (26) and
also among K. pneumoniae isolates from Italy (27). The coproduction of OXA-9 contributes to the high-level resistance
observed for amoxicillin/clavulanic acid because KPC-3 activity remains partially antagonized by clavulanate.
We have shown that OXA-181 producers have emerged
among clinical isolates in Portugal and have been appearing
at an increasing rate over time in this hospital. This carbapenemase, which is emerging worldwide, was found in isolates
recovered since 2016, and its prevalence among carbapenemases is on the rise, which is a worrying and unexplained
phenomenon. We recently described the massive occurrence of K. pneumoniae isolates carrying the blaOXA-181 gene
located onto an IncX3 plasmid in Angola (21,28) and also
some isolates in São Tomé and Príncipe (29). The genetic
backgrounds of those OXA-181–producing K. pneumoniae
were different, with no ST17 detected, in contrast to our findings in this study; nevertheless, the identification of a very
similar plasmid carrying blaOXA-181 likely suggests a wide
plasmid dissemination as a source of carbapenemase gene
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acquisition. The frequent exchange of populations between
these 2 countries, which are former colonies of Portugal, and
Portugal itself could have driven the intercontinental spread
of carbapenemase producers. Some recent studies have underscored the emergence of OXA-181 carbapenemase mediated by acquisition of similar IncX3-type plasmids, such as
in China or South Africa (30,31), suggesting that spread of
this carbapenem-resistance trait could be linked in large part
to a wide plasmid diffusion.
Our data indicate the emergence and spread of K. pneumoniae isolates co-producing KPC-3 and GES-5. GES-5
has been found previously in Portugal in a K. pneumoniae
environmental isolate (32) and in a single clinical strain
(24) but never in combination with KPC. The fact that
isolates co-possessing blaKPC-3 and blaGES-5 showed higher
MICs to ceftazidime/avibactam is of concern.
β-lactamase GES-5 has been reported in K. pneumoniae, mainly among sporadic isolates with origins in Asia,
namely from a patient from France who had been hospitalized in Bangkok, Thailand (33), in 1 isolate from China
(34), and in 1 isolate from South Korea (35). A single study
reported the spread of K. pneumoniae GES-5–producing
isolates recovered during 2012–2013 in South Africa that
carried blaGES-5 in an IncQ plasmid (36).
Our study identified 1 isolate co-producing GES-5 and
the ESBL BEL-1. The 2 corresponding genes were embedded in the same class 1 integron structure, as first and second
gene cassette positions, respectively (data not shown). The
occurrence of the blaBEL-1 gene in an enterobacterial isolate is
noteworthy because this gene has been identified mainly in
Pseudomonas aeruginosa. Likewise, blaGES-5 is commonly
identified in P. aeruginosa. Therefore, our finding suggests
that this ColE1 plasmid bearing these 2 uncommon broadspectrum β-lactamases might originate from P. aeruginosa.
This isolate co-producing GES-5 and the ESBL BEL-1
showed only decreased susceptibility to imipenem, meropenem, and ertapenem. A similar isolate carrying both enzymes,
also showing only decreased susceptibility to all carbapenems,
was recovered in 2009 from an ICU patient in Portugal (23).
We detected several OXA-181 producers that remained susceptible to imipenem and meropenem. This
phenomenon has been reported previously (37) and has
contributed substantially to the misrecognition of such carbapenemase producers and therefore to their silent spread.
Nevertheless, we must underscore that all isolates from our
collection could be detected by using available commercial
selective media, such as the chromID CARBA SMART
agar (bioMérieux).
The high rate (n = 12 [26%]) of carbapenem producers
in our study being pandrug-resistant (i.e., having resistance to
fluoroquinolones, aminoglycosides, tigecycline, and SXT) is
of concern. The high rate of fluoroquinolone resistance was
partly related to the occurrence of the qnrS gene. We have
1636

highlighted its endemic spread because it was identified in all
of the carbapenemase-producing isolates identified, regardless of their clonal background and type of carbapenemase
produced. Moreover, some isolates exhibited a worrying decreased susceptibility to ceftazidime/avibactam (MIC 3 mg/L;
resistance breakpoint >8 mg/L), likely suggesting that some
isolates actually started developing reduced susceptibility to
that drug combination and moving toward resistance. Selection of KPC-producing K. pneumoniae exhibiting resistance
to ceftazidime/avibactam has been observed recently in Italy,
where KPC is endemic. This resistance occurred in particular
through substitutions in the KPC enzyme, leading to increased
hydrolysis of ceftazidime and decreased affinity to avibactam
(38). In our study, we did not observe selection of KPC-3 variants; therefore, the reduced susceptibility probably is mainly
related to the co-production of GES-5, permeability defects,
or both. Nevertheless, all isolates remained susceptible to the
combination ceftazidime/avibactam, independently of the
clonal type and the carbapenemase produced (whether KPC3, OXA-181, or GES-5). In addition, fosfomycin and polymyxins are still therapeutic alternatives because very few isolates exhibited resistance to these antimicrobial agents (3 to
fosfomycin and 1 to polymyxins).
Our study has some limitations, given that we included
isolates from a single hospital. However, this private hospital receives patients transferred from several public hospitals in Lisbon and its surroundings and therefore might
reflect at least the global situation in this capital city of
Portugal, which includes approximately one third of the
national population. This phenomenon is evident in the
diversity of enzymes, plasmids, and clonal backgrounds
identified in our study.
In summary, KPC-3 was the most common carbapenemase identified in K. pneumoniae isolated at the SAMS
Hospital in Lisbon, Portugal, followed by OXA-181, which
emerged in 2016 and appears to be on the rise. In addition, a
large proportion of isolates are pandrug-resistant, drastically
diminishing the options for treatment. Finally, considering
the increasing identification of carbapenemase-producing K.
pneumoniae in this hospital, systematic carriage screening at
hospital admission, additional surveillance studies, and early
detection of such isolates are required to limit their further
spread. These measures would help mitigate the spread of
these isolates in Portugal and avert the endemic levels that
have been observed in other countries in Europe.
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To evaluate a classification system to support clinical decisions for treatment of contaminated deep wounds at risk for
an invasive fungal infection (IFI), we studied 246 US service members (413 wounds) injured in Afghanistan (2009–
2014) who had laboratory evidence of fungal infection. A
total of 143 wounds with persistent necrosis and laboratory
evidence were classified as IFI; 120 wounds not meeting
IFI criteria were classified as high suspicion (patients had
localized infection signs/symptoms and had received antifungal medication for >10 days), and 150 were classified
as low suspicion (failed to meet these criteria). IFI patients
received more blood than other patients and had more severe injuries than patients in the low-suspicion group. Fungi
of the order Mucorales were more frequently isolated from
IFI (39%) and high-suspicion (21%) wounds than from lowsuspicion (9%) wounds. Wounds that did not require immediate antifungal therapy lacked necrosis and localized
signs/symptoms of infection and contained fungi from orders other than Mucorales.

risk for IFI was introduced at the Landstuhl Regional Medical Center in Germany (LRMC) (11). After the introduction of this diagnostic approach, it became clear that fungal
contamination of battlefield blast wounds was common
(12,13); therefore, it is necessary to differentiate wounds
contaminated by fungi from those that are truly infected.
Furthermore, the inability to easily discriminate between
infected and colonized wounds (based on injury and patient
demographic characteristics) led to wide practice variations. In this study, we examined the epidemiology of IFIs
among US military personnel injured in Afghanistan. We
also assessed the discriminatory capacity of clinical and
pathologic/microbiological criteria for stratifying patients
into risk groups that would enable treatment and resource
prioritization and reduce practice variations.

C

Study Population

utaneous invasive fungal infections (IFI) occur in
deep tissue wounds contaminated by environmental
debris; such wounds are caused by agricultural accidents,
tornadoes, and blast trauma (1–7). Among severely injured
trauma patients (military and civilian), IFIs have emerged
as a serious complication (2,4,6,7). Specifically, coinciding with the surge of service members into Afghanistan and
the rising frequency of blast injuries, IFIs have emerged as
serious complications of blast trauma sustained by soldiers
while on foot patrol. The first reported cases were among
UK military personnel injured while in Helmand Province,
Afghanistan (8), followed by 37 cases among US military
personnel (1). Common characteristics among these IFI patients were battlefield blast injuries sustained while on foot
patrol, extensive wounds or amputation sites heavily contaminated with debris, and receipt of large-volume blood
transfusions (>8 units of blood) within 24 hours of injury
(1,8). These infections were associated with substantial
morbidity (e.g., surgical amputations and hemipelvectomies) and considerable death rates, especially before the
syndrome was recognized (1,3,9). Given the progressive
nature and substantial morbidity associated with such infections, patients at risk for IFI needed to be identified and
given early treatment with aggressive surgical debridement
and systemic antifungal therapy. Defining what constitutes
a wound suspected of having an IFI is also critical, and
clinicians were advised to use hallmark wound necrosis
and preliminary risk factors to establish an IFI diagnosis as
early as possible (10).
For the initial IFI cases in the United States, the median time from injury to IFI diagnosis was 10 days. In
2011, in an effort to hasten IFI diagnoses, a performance
improvement measure that involved early tissue sampling
of wounds (usually after 1 debridement) from those at high
1640

Methods
Data were collected as part of the Department of Defense, Department of Veterans Affairs, multicenter Trauma Infectious Disease Outcomes Study, an observational
study of infectious complications among wounded military personnel (14). Eligible patients were US service
members who had sustained traumatic wounds while on
the battlefield in Afghanistan during June 1, 2009–December 31, 2014, and who had been evacuated to LRMC
before transfer to a participating military hospital in the
United States: Walter Reed National Military Medical
Center (Bethesda, MD; National Naval Medical Center
and Walter Reed Army Medical Center before September 2011) and Brooke Army Medical Center (San Antonio, TX). The study was approved by the institutional
review board of the Uniformed Services University of
the Health Sciences.
We obtained information about patient demographics, injury characteristics, trauma and clinical history, and
surgical management history from the US Department
of Defense Trauma Registry (15) and clinical laboratory
results, infectious outcomes, culture and histopathology,
and antifungal treatment from the Trauma Infectious Disease Outcomes Study infectious disease module (14). To
assess patients, we used the Injury Severity Score (ISS)
(16) and Sequential Organ Failure Assessment (SOFA)
score (17). The ISS is an anatomic scoring system used
for patients with multiple injuries. Each injury is evaluated and assigned an Abbreviated Injury Scale code, which
is an anatomic consensus-based global score. The injuries
are divided into 6 body regions, and the 3 most severely
injured body region scores are squared and added to produce a composite score. An ISS score of 0–9 is classified
as minor, 10–15 as moderate, 16–25 as severe, and >26
as critical.
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Case Definitions

We examined patients with laboratory evidence of infection with a filamentous fungus (positive histopathologic
findings, positive fungal culture, or both). We modified
case definitions from the 2008 European Organization for
Research and Treatment of Cancer/Invasive Fungal Infections Cooperative Group and the National Institute of
Allergy and Infectious Diseases Mycoses Study Group
(EORTC/MSG) Consensus Group for use with trauma
patients (3,18). After patients were admitted to LRMC,
wounds with persistent necrosis and presence of filamentous fungus (after >2 surgical debridements) were classified as IFI (Table 1). IFI wounds were further categorized
according to histopathologic findings as proven (with angioinvasion), probable (fungal hypha tissue invasion but
without angioinvasion), or possible (positive cultures and
negative histopathologic findings).
Wounds not meeting criteria for IFI were classified as
being of high or low suspicion for IFI. We modified National
Healthcare Safety Network (NHSN) definitions for skin and
soft tissue infections (SSTI) and used them to differentiate
between high-suspicion and low-suspicion wounds. The
NHSN definition of SSTI relies on the presence of localized signs and symptoms (e.g., pain, tenderness, swelling,
erythema, heat) without another recognized cause (19). A
deep SSTI met NHSN criteria and included wounds that
spontaneously dehisced and those requiring surgical intervention. Wounds that met criteria for a deep SSTI that the
treating physician attributed to a fungus and that were treated
with antifungal medications for >10 days were classified as
high-suspicion wounds. Patients who had died or undergone
a definitive amputation (proximal to the infected wound)
within 10 days of initiation of antifungal medication were
also included because both events could lead to withdrawal
of antifungal medication. The low-suspicion group included
wounds that met deep SSTI criteria but were attributed by
the treating physician to bacteria, wounds that failed to meet

deep SSTI criteria, and deep SSTIs for which the patient received antifungal medication for <10 days.
Statistical Considerations

Because multiple traumatic injuries were frequent, patients
often had multiple wounds with laboratory evidence of a
fungus. We evaluated wound characteristics (e.g., culture
findings) and patient-level characteristics (e.g., injury severity). Patients with 2 wounds that met different classifications were classified according to the highest level (e.g.,
if 1 wound met IFI criteria and the other was of low suspicion, the patient was classified as having an IFI). We performed a restricted analysis for patients with wounds that
met criteria for a single classification.
Fungal culture results were categorized into 4 main
groups: all fungi belonging to the order Mucorales (with/
without fungi of other genera), fungi of the genus Aspergillus (with/without other fungi), fungi of genus Fusarium
(with/without other fungi), and all other fungi. Polymicrobial wounds may be counted under multiple fungal groups
(e.g., order Mucorales plus Aspergillus spp.). Data from patients who had undergone multiple debridements and multiple specimen collections were pooled for the wound site.
We compared categorical variables by using the Fisher
exact and χ2 tests. We compared overall continuous variable distributions by using the Kruskal-Wallis test and
performed statistical analyses in SAS version 9.3 (https://
www.sas.com). We defined significance as p<0.05.
Results
Study Population

Of the 1,932 patients evaluated at the participating hospitals, 720 (37%) had penetrating wounds and operative cultures/histopathology findings submitted for evaluation. Of
these, 246 (34%) had >1 wound with laboratory evidence
of fungal infection (Figure 1). All patients were young

Table 1. Definitions for the classification of evidence for fungal infections*
Term
Definition†
Persistent necrosis‡
Presence of necrosis after >2 surgical debridements
Persistent laboratory evidence of fungal infection‡ Presence of positive histopathology and/or culture after >2 surgical debridements
Wounds meeting criteria for IFI
Includes wounds with persistent necrosis and persistent laboratory evidence of
fungal infection
Wounds highly suspicious for fungal infection
Includes wounds that did not meet the criteria for an IFI but produced signs and
(high-suspicion wounds)
symptoms suggestive of a deep SSTI ascribed to a fungus (based on the use of
antifungals for >10 d and a physician report). Wounds that did not meet criteria for
an IFI but required a proximal amputation were included, irrespective of the
duration of antifungal use.
Wounds with low suspicion for fungal Infection
Includes wounds that did not meet the criteria for an IFI and did not meet the
(low-suspicion wounds)
criteria for a deep SSTI. This category also includes wounds that produced signs
and symptoms of a deep SSTI attributed to bacteria (based on physician report or
the use of antifungals for <10 d) but with laboratory evidence of fungus (i.e.,
positive fungal cultures, histopathologic findings, or both).
*IFI, invasive fungal infection; SSTI, skin and soft tissue infection.
†Centers for Disease Control and Prevention National Healthcare Safety Network criteria for deep SSTIs were adapted for this definition (19).
‡Excludes any additional debridement that was performed in the battlefield hospitals in Afghanistan.

Emerging Infectious Diseases • www.cdc.gov/eid • Vol. 25, No. 9, September 2019

1641

SYNOPSIS
Figure 1. Combat casualties with laboratory evidence of
fungal infection in study of US military patients who had
laboratory evidence of fungal infection after battlefield trauma
in Afghanistan, June 1, 2009–December 31, 2014. *Total of
143 IFI wounds, 120 high-suspicion wounds, and 150 lowsuspicion wounds. For the person-level analysis, patients
with multiple wounds were included in the IFI group even if
1 of their wounds met criteria other than for an IFI; similarly,
patients with both low-suspicion and high-suspicion wounds
were included in the high-suspicion group. †94 patients had
143 wounds that met criteria for an IFI; these same patients
had 31 wounds that met criteria for high-suspicion wounds
and 16 wounds that met criteria for low-suspicion wounds.
‡61 patients had 89 wounds that met criteria for highsuspicion wounds and 14 wounds that met criteria for lowsuspicion wounds. §91 patients had 120 wounds classified as
low-suspicion wounds. IFI, invasive fungal infection.

men; median age at injury was 24 years (interquartile range
[IQR] 21–27 years]). Nearly all patients had been injured
by a blast (98%) while on foot patrol (95%).
The 246 patients had 413 wounds with laboratory evidence of a filamentous fungus. Of these, 143 wounds (94 patients) met the criteria for an IFI (Figure 1). The remaining 270
wounds did not meet IFI criteria, either because they appeared
no longer suspicious for infection (i.e., no ongoing necrosis
after >2 debridements; 167 wounds) or because laboratory evidence of fungal infection was evident early (i.e., at or before
the first or second debridement) but not in subsequent samples
(103 wounds). Of the 270 non-IFI wounds, 194 met criteria
for deep SSTI; 120 of those were treated with directed antifungal therapy and were classified as high-suspicion wounds (107
with >10 days of antifungal therapy and 13 with <10 days of
antifungal therapy but the patient had undergone a proximal
amputation or died). Of the 150 low-suspicion wounds, 76 did
not meet criteria for deep SSTI and 74 met the criteria for deep
SSTI but were treated with either directed antibiotic therapy
(36 wounds) or antifungal therapy for <10 days (38 wounds).
Most wounds classified as low suspicion had only positive
culture results (125 [83.3%] wounds), and none showed angioinvasion histopathologically.
Proven, Probable, and Possible IFI

Patients with proven, probable, and possible IFIs had been
critically injured, and most had an ISS of >26: 98% in the
1642

proven group, 90% probable, and 88% possible (Table
2). SOFA scores at admission to US hospitals were lower
among those in the possible IFI group (p = 0.007). Otherwise, no clinically relevant distinguishing differences were
found among the IFI classification groups. Patients with IFI
classified as proven or probable had received antifungal therapy longer than those with possible IFI (p<0.001; Table 2).
IFI, High-Suspicion, and Low-Suspicion Wounds

Patient demographics and mechanisms of injury were similar among those with IFI, high-suspicion, or low-suspicion
wounds. Injury severity was high overall (median ISS
34, IQR 30–45). Thus, a large proportion of patients with
wounds classified in all 3 groups had undergone amputations (68% for IFI, 79% for high suspicion, 80% for low
suspicion; Table 3).
IFI and High-Suspicion Wounds

For patients with IFI and high-suspicion wounds, ISSs
were similar (median 40 vs. 38; p = 0.262; Table 3).
Compared with patients with high-suspicion wounds, IFI
patients had higher SOFA scores at admission to LRMC
(median 11 vs. 8; p = 0.028) and US hospitals (median 7
vs. 4; p = 0.022) and received more blood transfusions
within 24 hours of injury (median 31 vs. 21; p = 0.003).
Patients with wounds classified as IFI also received antifungal therapy longer than patients with high-suspicion
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Table 2. Characteristics of US military patients with IFI after battlefield trauma in Afghanistan, June 1, 2009–December 31, 2014*
IFI
Characteristic
Proven, n = 40
Probable, n = 30
Possible, n = 24
p value
Blast injury
40 (100)
29 (96.7)
23 (95.8)
0.327
Injured while on foot patrol†
29 (100)
26 (96.3)
18 (85.7)
0.062
Injury severity score
Median (IQR)
42 (33–57)
40 (33–50)
35 (30–44)
0.127
>26/critical
39 (97.5)
27 (90.0)
21 (87.5)
0.279
Blood units received 24 h after injury‡
Median (IQR)
31 (23–43)
34 (23–47)
27 (17–37)
0.276
10–20 units
6 (15.0)
4 (13.3)
8 (34.8)
0.121
>20 units
33 (82.5)
24 (80.0)
14 (60.9)
0.074
Traumatic amputation§
30 (75.0)
20 (66.7)
14 (58.3)
0.376
SOFA score, median (IQR)
Germany
11 (8–15)
10.5 (7–12)
11 (5–12)
0.413
US hospital
9 (5–13)
7.5 (1–11)
4.5 (1–7.5)
0.007
Duration of antifungal use, median (IQR)
36 (23–49)
24 (18–36)
16 (0–24)
<0.001
Outcome
Surgical amputations¶
27 (67.5)
13 (43.3)
10 (41.7)
0.057
Death
7 (17.5)
1 (3.3)
0
0.030

*Values are no. (%) except as indicated. IFI, invasive fungal wound infections; IQR, interquartile range; SOFA, sequential organ failure assessment.
†Status of whether patient was on foot patrol or in a vehicle is missing for 17 IFI patients (11 Proven, 3 Probable, and 3 Possible). Percentages and pvalues based on total minus missing.
‡Blood information is missing for 1 patient with a possible IFI. Percentages and p-values based on total minus missing.
§Includes amputations that occurred before admission to a US hospital.
¶Defined as amputations that occurred after admission to a US hospital.

wounds (median 25 vs. 21; p = 0.006). Although blood
urea nitrogen levels differed significantly between the
groups, the levels were not clinically meaningful (data
not shown). When analysis was restricted to the 56 patients whose wounds only met IFI criteria or the 50 patients whose wounds only met high-suspicion criteria, IFI
patients were more likely to have received >20 units of
blood within 24 hours (70% vs. 58%; p = 0.016).

IFI and Low-Suspicion Wounds

The median ISS was higher among patients with IFI
wounds than among those with low-suspicion wounds (40
vs. 33; p<0.001; Table 3). Compared with patients with
low-suspicion wounds, patients with IFI wounds had higher SOFA scores at admission to LRMC (11 vs. 6; p<0.001)
and to US hospitals (7 vs. 1; p<0.001) and received more
blood transfusions within 24 hours of injury (median 31

Table 3. Characteristics of US military patients with laboratory evidence of invasive fungal infection of wound sustained on battlefield,
Afghanistan, June 1, 2009–December 31, 2014*
Characteristic
IFI, n = 94 High suspicion, n = 61 p value† Low suspicion, n = 91 p value‡
Blast injury
92 (97.9)
61 (100)
0.520
89 (97.8)
1.000
Injured while on foot patrol§
73 (94.8)
51 (94.4)
1.000
80 (95.2)
1.000
Injury severity score
Median (IQR)
40 (33–50)
38 (30–45)
0.262
33 (27–42)
<0.001
≥26/critical
87 (92.6)
52 (85.3)
0.144
75 (82.4)
0.037
Blood units received 24 h after injury, median
31 (21–43)
21 (15–32)
0.003
17 (12–24)
<0.001
(IQR)¶
10–20
18 (19.4)
25 (41.0)
0.003
42 (48.3)
<0.001
>20
71 (76.3)
31 (50.8)
0.002
30 (34.5)
<0.001
Traumatic amputation#
64 (68.1)
48 (78.7)
0.150
73 (80.2)
0.060
SOFA score, median (IQR)
Germany
11 (7–13)
8 (4–13)
0.028
6 (2–9)
<0.001
US hospital
7 (2–11)
4 (1–8)
0.022
1 (0–6)
<0.001
Duration of antifungal use, median (IQR)
24 (14–43)
21 (14–27)
0.006
0
NA
Outcome
Surgical amputation**
50 (53.2)
26 (42.6)
0.199
24 (26.4)
<0.001
Death
8 (8.5)
1 (1.6)
0.090
0
0.007

*Values are no. (%) except as indicated. Patients with >1 wound with differing classifications are classified at the highest level. One patient with a wound
classified as high suspicion died within 24 h of collection of sample providing laboratory evidence of fungal infection, precluding classification as having an
IFI. IFI, invasive fungal wound infection; IQR, interquartile range; SOFA, sequential organ failure assessment.
†Compares characteristics between those having an IFI and those having a high-suspicion wound.
‡Compares characteristics between those having an IFI and those having a low-suspicion wound.
§Information about whether patient was on foot patrol or in a vehicle is missing for 17 IFI patients, 7 patients with high-suspicion wounds, and 7 patients
with low-suspicion wounds. Percentages and p-values based on total minus missing.
¶Information missing for 1 patient with an IFI and 4 patients with low-suspicion wounds. Percentages and p-values based on total minus missing.
#Includes amputations that occurred before admission to a US hospital.
**Defined as amputation that occurred after admission to a US hospital.
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vs. 17; p<0.001). Blood urea nitrogen levels, liver function
test results, and leukocyte counts were also higher among
those in the IFI group (data not shown). Patients classified as having IFI also received antifungal therapy longer
than those with low-suspicion wounds (median 25 vs. 0; p
= 0.006). When analysis was restricted to patients whose
wounds only met IFI criteria (56) or patients whose wounds
only low-suspicion criteria (91), statistical differences were
similar to those of the full population.

commonly isolated was Staphylococcus aureus (0.5%). The
bacteria isolated differed among the 3 groups of wounds.
Acinetobacter baumannii was more frequently isolated from
patients in the IFI group (22%) than from patients in the
other 2 groups (9% with high-suspicion wounds [p = 0.006]
and 5% with low-suspicion wounds [p<0.001]). In addition,
the proportion of multidrug-resistant organisms isolated was
higher among patients with IFI (37%) than among those with
low-suspicion (17%) wounds (p<0.001).

Wound Microbiology

Outcomes

Figure 2. Wound culture mycology distribution, by wound
classification, in study of US military patients who had laboratory
evidence of fungal infection after battlefield trauma in Afghanistan,
June 1, 2009–December 31, 2014. Because wound infections
were polymicrobial, organisms are not mutually exclusive for
a classification type. IFI, invasive fungal infection; other fungi,
filamentous fungi other than order Mucorales, Aspergillus spp.,
and Fusarium spp.

Discussion
As part of our comprehensive evaluation of IFIs among
US military personnel wounded in Afghanistan, we propose definitions for the risk stratification of wounds with
laboratory evidence of fungal infection (i.e., positive culture results, histopathologic results, or both). Using our
definitions, wounds can be grouped into 3 relatively homogeneous groups with different probabilities of IFI: wounds
with IFI, those at high suspicion for IFI, and those at low
suspicion for IFI. The categorization of wounds into risk
groups is designed to provide a framework to help with
clinical decision making and reduce practice variations and
to provide definitions that could be used to group wounds
for clinical and epidemiologic research.
We had previously proposed a modification of the
EORTC/MSG criteria (18) to provide a better disease definition and classification for trauma-related IFI. Using this
definition, wounds with necrosis present after >2 debridements and laboratory evidence of filamentous fungi at any
time (either early or late) were classified as IFI (1,3). We
had previously considered this classification sufficient for
IFI wounds in the military setting and for clinical care (1,3).
However, a comprehensive review of all cases suggested
that the previously proposed criteria failed to sufficiently
account for temporal aspects relevant to fungal contamination of wounds and necrosis associated with trauma.

Among 413 wounds with documented laboratory evidence
of fungal infection, fungal cultures had been submitted for
97% and culture results were negative for 11% (Figure 2;
Table 4). Fungi of the order Mucorales were more likely to
be isolated from IFI wounds (39%) than from high-suspicion (22%) and low-suspicion (9%) wounds (p<0.05; Table
4). Fungi of the order Mucorales were isolated from over
half (52.6%) of IFI wounds with documented angioinvasion
(proven IFI), 31.3% of probable IFI wounds, and 26.3% of
possible IFI wounds (p = 0.016). In contrast, a higher proportion of low-suspicion (46%) and high-suspicion (23%)
than IFI (13%) wounds grew other fungi (p<0.05). Fungi
belonging to the genus Fusarium were more commonly
isolated from IFI wounds than from low-suspicion wounds
(17% vs. 4%; p<0.001). Between high-suspicion and lowsuspicion wounds, the proportions of growth of fungi of the
order Mucorales (p = 0.003), Fusarium spp. (p = 0.001),
and other fungi (p<0.001) differed significantly.
Bacterial cultures collected within 14 days of injury
were assessed for 378 (92%) of wounds; only 1% were negative for bacteria (Table 4). Most frequently isolated were
Enterococcus spp. (38%) and Escherichia coli (17%); not
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The proportion of deaths or surgical amputations did not differ significantly between patients in the IFI and high-suspicion groups. A higher proportion of patients in the IFI group
required a surgical amputation (53% vs. 26%; p<0.001) or
died (9% vs. 0; p = 0.007) than did patients in the low-suspicion group (Table 3). The number of debridements in the
first 4 weeks after injury was similar for patients with IFI
wounds (median 10, IQR 7–11) and high-suspicion wounds
(median 9, IQR 7–11; p = 0.034); however, patients with
low-suspicion wounds underwent fewer debridements (median 7; IQR 5–9; p<0.001) than patients with IFI wounds. In
addition, 70 (49%) of 143 IFI wounds required that the patient undergo surgical amputations compared with 48 (40%)
of 120 high-suspicion wounds (p = 0.146) and 45 (30%) of
150 low-suspicion wounds (p = 0.001).
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Table 4. Microbiological findings for US military patients who had battlefield trauma wounds with invasive fungal infections and
laboratory evidence of fungal infection, June 1, 2009–December 31, 2014*
High-suspicion
Low-suspicion
Culture findings
IFI wounds, n = 143
wound, n = 120
p value†
wound, n = 150
p value‡
Fungal cultures not sent
9 (6.3)
3 (2.5)
0.235
2 (1.3)
0.032
Fungal growth§
None
21 (14.7)
16 (13.5)
0.774
9 (6.0)
0.014
1 fungus
55 (38.5)
50 (41.7)
0.597
91 (60.7)
<0.001
>1 fungi
58 (40.6)
51 (42.5)
0.751
48 (32.0)
0.128
>1 fungi plus bacteria¶
82 (57.3)
80 (66.7)
0.121
83 (55.3)
0.729
Order Mucorales
55 (38.5)
26 (21.7)
0.003
13 (8.7)
<0.001
Aspergillus spp.
45 (31.5)
39 (32.5)
0.858
55 (36.7)
0.348
Fusarium spp.
24 (16.8)
20 (16.7)
0.980
6 (4.0)
<0.001
Other filamentous fungi#
19 (13.3)
27 (22.7)
0.046
69 (45.7)
<0.001
Bacterial growth§
None
3 (2.1)
1 (0.8)
0.628
3 (2.0)
1.00
Staphylococcus aureus**
0
0
NA
2 (1.3)
0.499
Enterococcus spp.
53 (37.1)
51 (42.5)
0.369
42 (28.0)
0.098
E. faecalis
5 (3.5)
5 (4.2)
0.777
8 (5.3)
0.445
E. faecium
41 (28.7)
42 (35.0)
0.271
31 (20.7)
0.111
Escherichia coli
22 (15.4)
20 (16.7)
0.777
23 (15.3)
0.990
Pseudomonas spp.
21 (14.7)
23 (19.2)
0.332
16 (10.7)
0.301
P. aeruginosa
16 (11.2)
14 (11.7)
0.903
11 (7.3)
0.254
Acinetobacter baumannii
29 (20.3)
11 (9.2)
0.012
6 (4.0)
<0.001
Other gram-negative bacilli
30 (21.0)
29 (24.2)
0.537
21 (14.0)
0.115
ESKAPE pathogen††
49 (34.3)
50 (41.7)
0.217
44 (29.3)
0.365
Multidrug resistant‡‡
53 (37.1)
34 (28.3)
0.134
26 (17.3)
<0.001

*Values are no. (%) except as indicated. IFI, invasive fungal infection; NA, not applicable.
†Compares characteristics between IFI and high-suspicion wounds.
‡Compares characteristics between IFI and low-suspicion wounds.
§Because of polymicrobial wounds, organisms are not mutually exclusive and will add to more than the total. Bacterial cultures were restricted to those
collected within 14 d of injury.
¶Category of >1 fungi plus bacteria is not mutually exclusive from fungal cultures with 1 fungus or >1 fungi.
#Includes Acrophialophora spp., Alternaria spp., Bipolaris spp., Scedosporium spp., and Trichoderma.
**Includes methicillin-resistant and methicillin-susceptible S. aureus.
††ESKAPE pathogens are Enterococcus faecium, Staphylococcus aureus, Klebsiella pneumoniae, Acinetobacter baumannii, Pseudomonas aeruginosa,
and Enterobacter spp.
‡‡Multidrug resistant is defined as resistance to ≥3 of 4 antibiotic classes or production of extended-spectrum β-lactamase or carbapenemases.

In this iteration, to account for the temporality of
events, we propose a definition that requires ongoing necrosis and persistence of laboratory evidence of fungus after >2 debridements to define IFI. Furthermore, we categorize wounds into 3 categories of varying risk, whereas the
previous definition defined only IFIs. The prior definition
was based on review of 37 initial cases, whereas this definition is comprehensive and includes data from 246 patients.
Were we to apply the current criteria to 77 previously identified cases (3), one third of them would no longer be classified as IFI (25% would be reclassified as high suspicion
and 10% as low suspicion; data not shown).
According to our schema, IFI case-patients accounted
for ≈5% (range 2.7%–6.6% annually) of all admissions
for battlefield trauma during 2009–2014; however, it
should be noted that specimens were not consistently collected for histopathologic examination until late 2010. Of
94 IFI patients, 8 (9%) died and about half underwent surgical amputations. Two thirds of wounds with laboratory
evidence of fungal infection did not meet our definition
of IFI. Specifically, one third of wounds were classified
as low suspicion, and patients with these wounds generally had very severe injuries; however, by the time of
admission to a US hospital, they were not critically ill, as

evidenced by a median SOFA score of 1, and they were
less likely to undergo subsequent surgical amputation.
Laboratory evidence for these patients was often based
on isolation of fungi (83%) with negative histopathologic
findings. These patients were also less likely to receive
antifungal medications (only 15%) and to receive them for
a shorter duration (median 6.5 days for patients with lowsuspicion wounds who received antifungal medications).
Among this group, approximately half of the wounds had
no evidence of deep SSTI, which confirms that isolation
of fungus from a wound, even in critically injured patients
with blast injuries sustained on foot patrol, is not enough
evidence to suggest an IFI (13).
Given the substantial morbidity associated with IFI,
in February 2011, a hospital-based clinical practice guideline was implemented at LRMC to enable earlier IFI diagnosis and initiation of antifungal therapy with the goal of
improving clinical outcomes. Per the guideline, based on
previously identified independent risk factors, specimens
for histopathologic examination and fungal/bacterial cultures were systematically collected from at-risk patients
after the first wound debridement (11). Although this riskbased sampling strategy successfully resulted in earlier
IFI diagnosis (average 4 vs. 9 days before implementation

Emerging Infectious Diseases • www.cdc.gov/eid • Vol. 25, No. 9, September 2019

1645

SYNOPSIS

of the guideline), it also resulted in practice variation and
use of antifungal medications for patients with low risk
for wound progression to IFI (11). Our study suggests that
approximately one third of patients for whom tissue was
submitted had laboratory evidence of a fungus. Therefore,
it became essential to objectively discriminate between
wounds that require intensified surgical management and
initiation of antifungal medications and wounds that can
be closely followed up without substantial interventions
(13). Because this patient group was composed primarily
of men critically injured in a blast while on foot patrol and
who received massive blood transfusions, all risk factors
for IFI (demographic characteristics and injury patterns),
although useful for identifying those at risk for an IFI (5),
do not discriminate among those who need intensified surgical management and antifungal medications and those for
whom antifungal medications can be withheld. Similarly,
laboratory parameters differed significantly but are not
clinically meaningful. Thus, we examined and used wound
characteristics (i.e., persistence of necrosis, local signs and
symptoms of a deep SSTI) in our classification. Empiric
use of antifungal medications was common in this population (received by 63%); similarly, isolation of bacteria was
very common (98% of cultures). Hence, to try and delineate
between bacterial and fungal wound infections, we incorporated the prolonged use of antifungal medications (>10
days) in our classification schema. Although this measure
is based on the provider’s judgment, we believe that the
focus on local signs and symptoms of a wound, along with
wound mycology, can be used for clinical decision making;
however, our classification needs to be validated prospectively in other civilian and military trauma settings, outside
of the Afghanistan theater, and ideally prospectively.
On the basis of IFI risk factors, a tool to support clinical treatment decisions near the point of injury and after
admission to military hospitals has been developed (20).
Data from our analysis may be used to further refine that
clinical tool. The Joint Trauma System provides evidencebased recommendations for trauma care for the military.
The Joint Trauma System has developed a Clinical Practice
Guideline for management of IFI in wounded persons (21),
and data from this analysis have been briefed to the Joint
Trauma System leadership for potential refining of the IFI
guidelines to enable wider dissemination throughout the
military care community.
Clinical mycology, although not used in our classification schema, is another feature for distinguishing wounds.
Fungi of the order Mucorales (39%) predominated in IFI
wounds, and other fungi were more frequent in low-suspicion wounds (46%). The negative effect that fungi associated with IFIs have on wound healing has been previously
demonstrated; fungi from the order Mucorales are associated
with a statistically significant longer time to wound closure
1646

(12). Thus, when ongoing necrosis, persistence of laboratory
evidence of fungus, and objective evidence of deep SSTI are
lacking, antifungal medications can be withheld if the patient
is closely followed. In particular, antifungal medications
may be withheld when high-risk features such as growth of
order Mucorales fungi or angioinvasion are lacking.
In conclusion, we found that blast-associated injuries
were common in this population of US service members
and resulted in multiple heterogeneous wounds with evidence of fungal infection. Focusing on the wound characteristics (e.g., absence of ongoing necrosis and persistence
of fungi), especially in the absence of objective signs of
deep SSTIs, identifies wounds at low risk for IFI. When
close clinical follow-up can be ensured, these wounds can
be monitored without the immediate use of antifungal therapy. The characteristics of the fungi isolated also seem to
stratify wound risk; isolation of fungi of the order Mucorales is associated with wounds with IFI or highly suspicious
of IFI. Our proposed definitions help divide wounds into
3 groups based on the certainty of diagnosis, providing a
framework to support clinical decision making, both initial
empiric and subsequent targeted antifungal therapy, and reductions in practice variations.
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Clinical Characteristics and
Treatment Outcomes for
Patients Infected with
Mycobacterium haemophilum
Pornboonya Nookeu, Nasikarn Angkasekwinai, Suporn Foongladda, Pakpoom Phoompoung

Mycobacterium haemophilum is a nontuberculous mycobacterium that can infect immunocompromised patients.
Because of special conditions required for its culture, this
bacterium is rarely reported and there are scarce data for
long-term outcomes. We conducted a retrospective study
at Siriraj Hospital, Bangkok, Thailand, during January
2012–September 2017. We studied 21 patients for which
HIV infection was the most common concurrent condition.
The most common organ involvement was skin and soft
tissue (60%). Combination therapy with macrolides and
fluoroquinolones resulted in a 60% cure rate for cutaneous infection; adding rifampin as a third drug for more severe cases resulted in modest (66%) cure rate. Efficacy
of medical therapy in cutaneous, musculoskeletal, and
ocular diseases was 80%, 50%, and 50%, respectively. All
patients with central nervous system involvement showed
treatment failures. Infections with M. haemophilum in HIVinfected patients were more likely to have central nervous
system involvement and tended to have disseminated infections and less favorable outcomes.

M

ycobacterium haemophilum is a nontuberculous mycobacterium that causes localized and disseminated
infections in immunocompromised patients and rarely
in immunocompetent patients (1). It is a slow-growing,
aerobic, fastidious mycobacterium that requires hemesupplemented culture medium and low temperatures of
30°C–32°C for optimal growth (2). Because of the special
conditions required for culture, it is frequently not isolated
because of use of inappropriate techniques, and thus is rarely reported in the medical literature.
The most common clinical manifestation of infection
in adult patients is cutaneous disease (3,4), either localized or as part of disseminated disease that occurs mainly
in severely immunocompromised patients, such as those
infected with HIV, those with autoimmune disease, or
Author affiliation: Faculty of Medicine, Siriraj Hospital, Bangkok,
Thailand
DOI: https://doi.org/10.3201/eid2509.190430
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those who have undergone solid organ or stem cell transplantation (5–10). Thus, infection with M. haemophilum
should be suspected in immunocompromised patients
who have unexplained skin lesions and are smear positive
for acid-fast bacilli, but show negative results for routine
mycobacterial culture.
There is no current standardized guideline for optimal
management of patients infected with M. haemophilum.
Furthermore, the long-term outcome of this infection has
not been well documented. The purpose of this study was
to determine clinical characteristics, treatment, and longterm outcomes for infections with M. haemophilum.
Methods
We conducted a retrospective cohort study at Siriraj Hospital, the largest academic hospital in Bangkok, Thailand,
during January 2012–September 2017. We identified all
patients who were given a diagnosis of M. haemophilum
infection by culture or molecular methods. Specimens of
all types underwent smear microscopic analysis by using
auramine–rhodamine staining and mycobacterial culture
by using Lowenstein-Jensen solid medium and liquid medium containing mycobacteria growth indicator. All specimens were incubated at 35°C, and those from skin, bone,
and joint were also incubated at 30°C. We performed species identification by using the INNO-LiPA Mycobacteria
Version 2 Assay (Innogenetics [now Fujiregio], https://
www.fujirebio-europe.com). We reviewed baseline demographics, clinical characteristics, microbiological
data, antimicrobial and surgical treatment, and clinical
outcome. All patients were followed up for >1 year after
diagnosis. This study was approved by the institutional
review board committee at Siriraj Hospital (Chart of Accounts no. Si 630/2017).
Results
A total of 21 patients were included in this study; 67% were
women (median age 53 years, range 25–73 years). All 21
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patients were immunocompromised. The most common
concurrent condition was HIV infection (8 patients, 38%),
followed by systemic lupus erythematosus (5 patients,
23.8%), γ-interferon autoantibody (2 patients, 9.5%), kidney transplantation (2 patients, 9.5%), diabetes mellitus (2
patients, 9.5%), ankylosing spondylitis (1 patient), and nephrotic syndrome (1 patient).
All HIV-infected patients except 1 had CD4 cell counts
<200 cells/mm3. Among non–HIV-infected patients, those
with systemic lupus erythematosus, kidney transplantation,
and nephrotic syndrome received corticosteroids or other
immunosuppressive agents.
The most common organ involved was skin and soft
tissue (13 patients), followed by bone and joint (3 patients),
central nervous system (CNS) (3 patients), eye (2 patients),
and lymph nodes (1 patient). Two patients (1 with CNS
involvement [no. 1] and 1 with bone and joint infection [no.
14]) had concomitant mycobacteremia. The most common
cutaneous manifestation was an erythematous nodule that
commonly occurred on the extensor surface of elbows, legs,
and the auricular area (Figure 1). Of 7 skin biopsy specimens, granulomatous inflammation was the most common
pathologic finding. Three patients who had CNS involvement had advanced HIV disease and CD4 cell counts <50
cells/mm3. We obtained computed tomography (CT) and

magnetic resonance imaging findings for 3 patients with
CNS involvement (Figure 2).
We did not perform antimicrobial drug susceptibility testing on any bacterial isolate because of a failure of
growth in solid medium. A total of 20/21 patients were
treated with a combination of antimycobacterial agents.
For 19 patients whose outcomes were available, 11 patients
were cured, 1 patient improved with ongoing antimicrobial
drug treatment, 3 patients required surgical excision after
failure of medical therapy, 3 patients had a relapse of their
infection after treatment discontinuation, and 1 patient died
from disseminated disease after 1 month of therapy (Table).
The success rate of medical therapy for cutaneous infection was 80%. However, this rate was lower (50%) for
bone, joint, and ocular infections. All patients with CNS
diseases and involvement showed treatment failures.
The most commonly used regimen included a combination of macrolides and fluoroquinolones (3 patients,
14.3%) or these combined regimens with rifampin (9 patients, 42.9%). Combination therapy with macrolides and
fluoroquinolones resulted in a success rate of 60% for
treatment of cutaneous infection. Use of rifampin as the
third drug for more severe cases also resulted in a modest
(66%) success rate. Sulfamethoxazole/trimethoprim, doxycycline, and cycloserine were also replaced with rifampin,
Figure 1. Cutaneous
manifestation in non–HIVinfected patients infected with
Mycobacterium haemophilum,
Bangkok, Thailand. A) Patient
9, B) patient 11, C) patient 12,
D) patient 16, E) patient 17, F)
patient 21.
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Figure 2. Imaging of brain and
spine of 3 patients infected with
Mycobacterium haemophilum
who had involvement of the
central nervous system,
Bangkok, Thailand. A) Patient
1, axial T1-weighted magnetic
resonance imaging scan with
gadolinium showing enhanced
nodule at left dorsal pons.
B) Patient 2, axial contrastenhanced computed tomography
scan showing hypodensity
lesions in both thalami and nodular enhancement at the bilateral basal ganglia. C) Patient 3, sagittal T1-weighted magnetic
resonance imaging scan with gadolinium showing multiple enhancing nodules at dorsal pons and upper cervical cord.

which showed clinically successful results. For 11 patients
in whom antimicrobial drugs could be discontinued, the
median duration of treatment was 12 months (range 3–12
months for skin and soft tissue infections, 6 months for
bone and joint infections, and 12 months for lymphadenitis
and eye infections).
The patient who died of disseminated M. haemophilum
infection was a 25-year-old man who was given a new diagnosis of infection with HIV and had a CD4 cell count of
17 cells/mm3. He had diplopia for 1 month and a low-grade
fever. Physical examination showed multiple left-sided
cranial nerve palsies (V [trigeminal], VI [abducens], and
VII [facial]), and lower motor neuron lesions. Magnetic
resonance imaging of the brain showed multiple, abnormal, high-signal-intensity lesions on T2-weighted imaging
with gadolinium, as well as nodular enhancement of the left
dorsal pons, right ventral pons, mid pons, left cerebellar
peduncle, and medulla (Figure 2, panel A). Examination of
cerebrospinal fluid showed standard results; hemoculture
grew M. haemophilum. He was given levofloxacin, azithromycin, and ethambutol. However, his clinical condition
deteriorated rapidly. Right hemiparesis then developed and
he became stuporous. He died from acute respiratory failure secondary to aspiration pneumonia.
When we compared HIV-infected and non–HIVinfected patients, HIV-infected patients were younger (median age 36 years vs. 57 years; p = 0.017), more likely to
have disseminated infection (37.5% vs. 15.4%; p = 0.325),
more likely to have CNS involvement (37.5% vs. 0%; p =
0.042), and more likely to have a less favorable prognosis
(50% vs. 77%; p = 0.38).
Discussion
We report 21 cases of M. haemophilum infection over a
6-year period at the largest academic hospital in Thailand.
M. haemophilum commonly causes infection in immunocompromised persons. Advanced HIV infection remains
the most common immunocompromised condition associated with this infection, as reported (1,3). Approximately
1650

60% of patients have skin and soft tissue involvement, and
the most commonly involved areas are the extensor surfaces of the extremities and auricular regions, which could
be explained by the predilection of the organism for body
areas with lower temperatures.
Although CNS infection with M. haemophilum is extremely rare and only a few case-patients have been reported (11–13), we identified CNS involvement in 3 of 21
case-patients in our study. All had advanced HIV disease:
2 patients had multiple brain abscesses, which was similar
to those previously described, and 1 patient had myelitis.
A total of 2 of 3 previous case reports of CNS involvement in patients with M. haemophilum infection were from
Thailand and in HIV-infected patients (11,12), whereas the
2 largest case series (23 and 15 cases) reported from the
United States found no cases of CNS involvement (3,4).
Further study is needed to determine whether genetic or
environmental factors will influence clinical manifestations
of M. haemophilum infection.
Treatment with a combination of fluoroquinolones,
rifampin, and macrolides is suggested for treating M.
haemophilum infection (14). However, our study demonstrated that 2 antimycobacterial agents (macrolides and
fluoroquinolones) were successfully used for patients with
isolated cutaneous diseases. Conversely, surgical resection
might be needed for some case-patients, such as those who
showed treatment failure or those in which there was CNS
involvement. Because of poor penetration of the CNS by
these antimicrobial agents, patients who had mycobacterial infections with CNS involvement are often associated
with poorer outcomes (15,16). Two previous case reports
of persons with CNS disease were successfully treated with
surgical excision in combination with antimicrobial drugs,
although there were residual neurologic deficits (11,13).
Another study reported a case-patient who did not respond
to medical therapy alone and subsequently died (12).
Treatment for M. haemophilum infection should last
≈3–12 months and should be tailored on the basis of severity of disease and immunocompromised conditions. Isolated
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cutaneous disease usually responds well to shorter duration
of therapy (3–6 months), and CNS infections, bone and
joint infections, and disseminated disease usually require

longer therapy (12 months) (1). Relapse cases have been
rarely reported (17), and accounted for just 4% in the largest case series (1). However, our study showed a higher

Table. Clinical characteristics and treatment for 21 patients infected with Mycobacterium haemophilum, Bangkok, Thailand*
Disease or
Treatment
Patient
condition, CD4
Clinical
Site of positive
Surgical
Drug
duration,
no.
Age, y/sex cell count/mm3
manifestation
culture
treatment
treatment
mo†
Outcome
1
25/F
AIDS, 17
Brain abscesses,
Blood
None
AZM, LVX,
1
Died
septicemia
EMB
2
35/F
AIDS, 12
Brain abscesses
Brain tissue
None
NA
NA
Lost to
follow-up
3
35F
AIDS, 40
Myelitis
Spinal cord
None
INH, RIF,
2
Treatment
tissue
PZA, EMB,
failure
CLR, AMK
4
29/M
AIDS, 14
Skin nodule (left
Skin
None
AZM, LVX,
NA
Lost to
popliteal fossa)
RIF
follow-up
5
52/M
AIDS, 6
Plague (right hand)
Skin
None
CLR, CIP,
6
Cured
RIF
6
46/F
AIDS, 190
Chronic ulcer (left
Pus
None
MFX
3
Cured
foot)
7
36/F
AIDS, 12
Auricular abscess
Pus
None
AZM, LVX,
12
Cured
RIF
8
53/F
HIV+, 657
Preauricular
Pus
I and D
CLR, CIP
12
Cured
abscess
6 (1.5/4.5)
9
25/F
SLE
Chronic wound and
Bone
Debridement IMI, AMK;
Relapsed
osteomyelitis (right
then AZM,
ankle), olecranon
CIP, RIF
bursitis
10
39/F
SLE
Tenosynovitis (right
Pus
Debridement AMK; then
6 (2/4)
Cured
index finger)
CLR, LVX
11
57/F
SLE
Skin nodules (both
Skin
None
CLR, CIP,
6
Cured
elbows)
RIF
12
47/F
SLE,
Skin nodules (both
Skin
None
IMI, AMK;
6 (0.5/5.5)
Cured
dermatomyositis
elbows)
then AZM,
CIP, RIF
13
39/F
SLE, DM
Skin abscess (right
Pus
I and D
AMK; then
12 (2/10)
Cured
ankle)
CLR, LVX,
DCS
14
69/M
Septicemia,
Blood
None
CLR, LVX,
24
Relapsed
IFN-
spondylodiscitis
RIF
autoantibody
15
73/F
Lymphadenitis
Lymph node
None
IMI, CLR;
12
Cured
IFN-
(right cervical node)
then CLR,
autoantibody
CIP, SXT
16
60/F
Kidney
Skin nodules (both
Pus
Debridement AMK, CLR,
11 (1/10)
Improved
transplant
arms/legs), septic
LVX, LZD;
arthritis (right ankle)
then MFX,
AZM, RIF,
LZD
17
58/F
Kidney
Plague (both legs)
Skin
None
IMI, AMK,
12 (1/11)
Relapsed
transplant
CLR; then
AZM, LVX,
RIF
18
65/F
DM,
Scleritis and
Sclera
Enucleation
IMI, CLR,
4
Treatment
A1C 6.7%
keratitis
LVX, RIF,
failure
LZD
19
65/M
DM,
Endophthalmitis
Vitreous fluid
None
IMI, AMK, 12 (0.5/11.5)
Cured
A1C 13.3%
LVX; then
AZM, RIF,
DOX
20
53/M
Ankylosing
Skin nodules (right
Skin
Surgical
CLR, LVX
6
Treatment
spondylitis
elbow)
excision
failure
21
48/M
Nephrotic
Skin nodules (right
Skin
None
CLR, CIP,
12
Cured
syndrome
elbow)
RIF
*AMK, amikacin; AZM, azithromycin; A1C, hemoglobin A1C; CIP, ciprofloxacin; CLR, clarithromycin; DCS, D-cycloserine, DM, diabetes mellitus; DOX,
doxycycline; EMB, ethambutol; I and D, incision and drainage; IFN-, interferon-; IMI, imipenem; INH, isoniazid; LVX, levofloxacin; LZD, linezolid; MFX,
moxifloxacin; NA, not available; PZA, pyrazinamide; RIF, rifampin; SLE, systemic lupus erythematosus; SXT, sulfamethoxazole/trimethoprim; +, positive.
†Values in parentheses are durations for each drug group.
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relapse rate (14%); therefore, we suggest that careful monitoring after discontinuation of treatment is warranted.
One limitation of our study was that no antimicrobial
susceptibility testing was available because all culture-positive cases were detected in liquid medium. However, no
data support the correlation of in vitro susceptibility testing
and treatment response for this type of infection.
M. haemophilum infections should be suspected in immunocompromised patients who have unexplained cutaneous lesions, especially at auricular or extensor surfaces of
extremities, who are smear positive for acid-fast bacilli, but
show negative results for routine mycobacterial culture.
Combination antimycobacterial therapy should be given for
>3 months and extended to 12 months depending on the site
of isolation. CNS involvement might occur more commonly
than previously believed and is associated with worse outcome. Relapses are not uncommon; therefore, clinical monitoring after discontinuation of treatment is warranted.
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Theileria orientalis Ikeda
Genotype in Cattle, Virginia, USA
Vanessa J. Oakes, Michael J. Yabsley, Diana Schwartz, Tanya LeRoith,
Carolynn Bissett, Charles Broaddus, Jack L. Schlater, S. Michelle Todd,
Katie M. Boes, Meghan Brookhart, Kevin K. Lahmers

Theileria orientalis Ikeda genotype is a parasite that causes a
disease in cattle that results in major economic issues in Asia,
New Zealand, and Australia. The parasite is transmitted by
Haemaphysalis longicornis ticks, which have recently been
reported in numerous states throughout the eastern United
States. Concurrently, cattle in Virginia showed clinical signs
consistent with a hemoprotozoan infection. We used amplicons specific for the major piroplasm surface protein and
small subunit rDNA of piroplasms to test blood samples from
the cattle by PCR. Bidirectional Sanger sequencing showed
sequences with 100% identity with T. orientalis Ikeda genotype 2 sequences. We detected the parasite in 3 unrelated
herds and from various animals sampled at 2 time points.
Although other benign T. orientalis genotypes are endemic
to the United States, detection of T. orientalis Ikeda genotype
might represent a risk for the cattle industry in Virginia.

T

heileria orientalis is an emerging parasitic pathogen
of cattle that was originally identified in the Eastern
Hemisphere (1). The taxonomy of this group is evolving
(2–4); taxonomic classification relies on sequencing of 2
major genes: the small ribosomal subunit (SSU) and the
major piroplasm surface protein (MPSP). Use of the names
of T. orientalis genotypes Ikeda, Chitose, and Buffeli is
embedded in the clinical literature; these designations are
used throughout this article. A genotype scheme proposed
in 2014 classifies T. orientalis into 11 genotypes according
to variability in the MPSP gene (4); T. orientalis genotype
Ikeda correlates with genotype 2 (3,5).
Consistent with other members of the genus, T. orientalis is a tickborne hemoprotozoan with a life cycle
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Medicine, Blacksburg, Virginia, USA (V.J. Oakes, T. LeRoith,
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Agriculture, Ames, Iowa, USA (J.L. Schlater)
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that affects erythrocytes and leukocytes and contributes to
chronic anemia, ill-thrift, and persistent subclinical infections. However, it has not been associated with the lymphoproliferative disease seen with T. parva and T. annulata (1). Haemaphysalis spp. ticks are the primary biological
vector of T. orientalis (6) and are believed to be essential
for completion of the T. orientalis life cycle (7), although
there is limited evidence suggesting that transmission
might occur through flies, lice, or vaccine needles (1).
In Asia, New Zealand, and Australia, theileriosis
caused by T. orientalis is an economically serious disease manifested primarily by loss of revenue from deaths
or illness in beef and dairy cattle (1,8–10). Of increasing
concern is the Ikeda genotype of T. orientalis, which has
been implicated as the etiologic agent of infectious bovine
anemia (11,12). In Asia, Australia, and New Zealand, the
primary tick vector for the T. orientalis Ikeda genotype is
Haemaphysalis longicornis, which is also known as the
Asian longhorned or bush tick.
The Asian longhorned tick was first detected in the
United States in August 2017 and has subsequently been
detected in New Jersey (13), New York, North Carolina,
Virginia, West Virginia, Pennsylvania, Maryland, Connecticut, and Arkansas (14,15). However, examination of
archived tick samples has identified H. longicornis ticks
in the United States since 2010 (14). Because of the wide
host range of this tick, its bisexual nature, and its ability
to reproduce parthenogenetically (16), concern is increasing that there are established populations in the mid-Atlantic states.
In September 2017, a beef cattle herd in Virginia was
given a diagnosis of anemia and suspected anaplasmosis.
Blood samples were negative for Anaplasma marginale
ticks by PCR, but blood smears showed numerous pleomorphic piroplasms. We report identification and characterization of T. orientalis Ikeda genotype 2 from an index
farm, in adjacent herds, and 2 other counties in Virginia.
Although other genotypes of T. orientalis are present in
the United States (17–19), the Ikeda genotype in particular
has not been identified in North America and represents an
emerging infectious disease with potential for major animal
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health and economic impacts, especially because a competent vector has been identified in this region and in 2 of the
3 farms described in this report.
Materials and Methods
Animals

All cattle were client-owned animals. In August 2017,
seven cattle from a herd in Albemarle County, Virginia,
died after showing adverse clinical signs, including weakness and malaise. Affected cattle included bulls, cows, and
steers ranging in age from 3 months to 13 years. All animals were born and raised on a farm. In September 2017,
an additional cow from the index farm was examined for
weakness, icterus, and anemia (packed cell volume [PCV]
12.0%). Blood from this animal was collected and submitted to the Kansas State Veterinary Diagnostic Laboratory
(Manhattan, KS, USA). Blood smear analysis showed evidence of a hemoprotozoal infection (Figure 1). Molecular
testing of this sample resulted in a diagnosis of infection
with T. orientalis, which prompted quarantine of the affected farm and further investigation.
A foreign animal disease investigation was instituted
during December 2017, and blood was collected from the
index cow and 5 additional, randomly sampled cattle from
the herd. We collected blood by jugular vein venipuncture from each animal in 10-mL BD Vacutainer plastic
red-top tubes containing no anticoagulant and in 10-mL
BD Vacutainer plastic purple-top tubes containing EDTA

anticoagulant (both from Becton, Dickinson and Company, https://www.bd.com) as part of a routine diagnostic
investigation for suspected anaplasmosis or as part of a
random sampling effort.
DNA Extraction and PCR Testing

We extracted DNA from EDTA anticoagulant blood by using the DNeasy Blood and Tissue Kit (QIAGEN, https://
www.qiagen.com) according to the nonnucleated blood
protocol. We performed the final elution stage by using 50
μL of nuclease-free water and incubating the spin column
membrane for 1 min at room temperature. This step was
repeated to yield a final elution volume of 100 L.
We performed amplification for the MPSP by using 10.5
μL of DNA in a 25-μL reaction volume containing primers
MPSP forward (5′-CTTTGCCTAGGATACTTCCT-3′)
and MPSP reverse (5′-ACGGCAAGTGGTGAGAACT-3′)
as described (11,20). Each amplification had a final reaction primer concentration of 0.4 μmol/L.
We performed amplification for the internal segment
of the SSU by using 10 μL of DNA in a 25-μL reaction volume containing primers SSU internal forward (5′-ATTGGAGGGCAAGTCTGGTG-3′) and SSU internal reverse
(5′-CTCTCGGCCAAGGATAAACTCG-3′) as described
(11,20) and identical PCR protocols as we described previously. We also used a Biometra TProfessional Thermocycler (AnalytikJena AG, https://www.analytik-jena.com).
We visualized amplicons by electrophoresis on a 1.0%
agarose gel containing ethidium bromide and Tris-borateEDTA buffer and examined amplicons by using UV transillumination. Amplicons with sizes of 700–800 bp were
submitted to the Virginia Biocomplexity Institute (Blacksburg, VA, USA) for bidirectional Sanger sequencing.
Anaplasmosis Testing

Figure 1. Blood smear of an animal from a farm in Albemarle
County, Virginia, USA, that was infected with Theileria orientalis
Ikeda genotype. There is evidence of a regenerative response
to anemia (anisocytosis and polychromasia) and intracellular
piroplasms within erythrocytes. Scale bar indicates 10 µm.
1654

Animals sampled as part of a foreign animal disease investigation were tested for Anaplasma, Babesia, and Leptospira spp. at the National Veterinary Services Laboratories
(NVSL; Ames, IA, USA). The other animals involved in
this study were tested for Anaplasma marginale by using a
quantitative PCR used and validated by the Virginia Tech
Animal Laboratory Services (ViTALS, Blacksburg, VA,
USA) diagnostic laboratory (21) (Table).
For the samples tested by ViTALS, we extracted DNA
from blood by using the protocol we described previously.
DNA samples were diluted 1:10 with nuclease-free water. Amplifications were performed by using AM-For 16S
forward primer (5′-TTGGCAAGGCAGCAGCTT-3′) and
AM-Rev 16S reverse primer (5′-TTCCGCGAGCATGTGCAT-3′) at a concentration of 0.6 μmol/L each, and AM-Pb
probe (5′-6-FAM/TCGGTCTAACATCTCCAGGCTTTC
AT/3BHQ_1-3′) at a concentration of 0.2 μmol/L. Reactions were performed in an ABI 7500 Fast thermocycler
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Table. Diagnostic testing results for Theileria orientalis Ikeda genotype in cattle, Virginia, USA*
Animal ID Icterus/PCV/parasitemia
Anaplasma tick
Origin
I1
Yes /12.0%/6%
Negative (NVSL)
Albemarle (Index farm)
I2
No
Negative (NVSL)
Albemarle (Index farm)
I3
No
Negative (NVSL)
Albemarle (Index farm)
I4
No
Negative (ViTALS)
Albemarle (Index farm)
I5
No
Negative (ViTALS)
Albemarle (Index farm)
Al1
No
Negative (ViTALS)
Albemarle
Al2
Yes/10.0%/NA
Negative (ViTALS)
Albemarle
P1
Yes/14.4%/16.4%
Positive (ViTALS)
Pulaski
A1
No
Negative (ViTALS)
Augusta
A2
No
Negative (ViTALS)
Augusta

Date
Sep 2017, Dec 2017
Dec 2017, May 2018
Dec 2017, May 2018
Jul 2018
Jul 2018
Aug 2018
Oct 2018
Oct 2018
Oct 2018
Oct 2018

*ID, identification; PCV, packed cell volume; NA, not available; NVSL, National Veterinary Services Laboratories; ViTALS, Virginia Tech Animal
Laboratory Services.

(Thermo Fisher Scientific, https://www.thermofisher.com)
as described (21).
Sequence Analysis

We examined Sanger sequences of SSU and MPSP amplicons for quality and integrity and generated a consensus sequence by using Geneious Prime R11 (Biomatters,
https://www.geneious.com). For paired samples of insufficient quality to form a consensus sequence, the highest
quality sequence of the 2 sequences was used. We then
aligned consensus sequence extractions with sequences
of 3 T. orientalis Ikeda genotypes (GenBank accession
nos. AB581627, AP011946, and D11046) by using Geneious Prime.
Phylogenetic Analysis

To examine the phylogenetic relationship of the cattle
parasite in Virginia with other Theileria species, including
the 3 genotypes of T. orientalis, we constructed a neighbor-joining tree by using a Tamura–Nei genetic distance
model with 100 replications. We used the phylogenetic
tree for the MPSP gene to best illustrate the relatedness of
the samples from cattle in Virginia to the described T. orientalis genotypes (4). Phylogenetic analysis for the SSU
gene included the T. orientalis Chitose genotype (GenBank accession no. AB520954), 2 T. orientalis Buffeli
genotypes (accession nos. AB520955–6), 2 T. orientalis
Ikeda genotypes (accession nos. AB520957–8), and T.
annulata (accession no. AY524666) and T. parva (accession no. AF013418) as outgroups.
Results
Animals

Serologic analysis performed at NVSL for the 6 cattle tested showed negative results for Anaplasma, Babesia, and
Leptospira species; all 6 animals were infected with piroplasmid hemoparasites on the basis of blood smear review.
Subsequent blood samples were collected during May 2018
from 7 animals within the index herd. Two of these animals
previously had intracellular piroplasms; 5 of these animals

were sampled randomly. Multiple cattle were infested with
ticks, which were morphologically identified as H. longicornis by NVSL (14). In July 2018, blood samples were
collected from 21 cattle representing animals from the index herd and others owned by the same producer on other
farms in the county. Before the day of collection, there had
been no contact among cattle from different herds. The 21
samples collected represented blood from 20 previously
unsampled animals (sampled randomly) and 1 from a calf
that had been piroplasm positive during May 2018.
A random sample from a livestock auction from a
cow in Albemarle County was submitted during August
2018 (Al1). Four additional samples were submitted from
animals in Augusta (A1, A2), Pulaski (P1), and Albemarle
(Al2) Counties during October 2018. These animals were
unrelated to the cattle at the index farm and had no contact
with each other. Of these 5 samples, 3 samples were random samples from a livestock auction (A1, A2, Al1), and
2 samples were submitted for evaluation of clinical disease
(P1, Al2). All animals, except P1, were negative for Anaplasma marginale. On the basis of a blood smear, P1 had
16% of its erythrocytes parasitized by piroplasms (Table).
In addition, this animal had a marked macrocytic, hypochromic, regenerative anemia, hyperbilirubinemia, and icteric plasma consistent with hemolytic anemia (PCV 14.4%
[reference range 24.0%–46.0%]; mean corpuscular volume
94.4 fL [reference range 40.0 fL–60.0 fL]; mean corpuscular hemoglobin concentration 27.3 g/dL [reference range
30.0 g/dL–36.0 g/dL]; reticulocytes 194,400/μL [reference
range not established]; and total bilirubin 4.1 mg/dL [reference range 0.1 mg/dL–0.6 mg/dL]). Blood smear analysis
revealed a 16% parasitemia. P1 died shortly after the blood
draw; another animal on the farm had icterus and died 3
days earlier. Al2 had a PCV of 10.0% and showed signs of
icterus and lethargy.
Blood Smears

The blood smear examinations for the cow that became ill
during September 2017 showed evidence of a regenerative
response to anemia (anisocytosis, polychromasia, basophilic stippling) and numerous oval, racquet, signet ring, and
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linear piroplasms within erythrocytes (Figure 1). During
May 2018, blood smear analysis on 7 additional, randomly
sampled animals did not show piroplasms. Two of these
samples were from animals that had blood collected and
analyzed by NVSL during December 2017; both of these
animals were positive for piroplasms in blood smears at
that time.
PCR

Molecular testing of the initial blood sample from the cow
that became ill during September 2017 (I1) resulted in a diagnosis of infection with T. orientalis. This finding, which,
in conjunction with the severity of the clinical signs in this
animal and death of previous animals on the premises, led
to further investigation of the genotype of the organism and
quarantine of the affected farm.
Five of the 6 blood samples taken from cattle during
December 2017 were positive by MPSP or SSU assays. Six
of 7 cattle from the index herd sampled during May 2018
were positive by MPSP and SSU assays. Of the additional
21 samples collected during July 2018 from the index herd
and adjacent properties, only samples from 3 animals were
negative by MPSP and SSU assays. Three cattle from Augusta and Pulaski Counties (A1, A2, P1) and 2 cattle from
an unrelated herd in Albemarle County (Al1, Al2) were
positive by MPSP and SSU assays. A total of 34 sequences
were available for analysis, representing 31 unique animals
from multiple farms across southwestern Virginia.
Two cattle (I2 and I3) were positive by MPSP and
SSU assays during December 2017, and remained positive
by these assays during May 2018. One animal was positive
by MPSP and SSU assays during May 2018, and remained
positive for both assays during July 2018. The presence of
positive samples at a sampling interval of 1–5 months suggests a chronic or persistent component of the infection.
Sequence and Phylogenetic Analysis

All 34 MPSP gene (719 bp) sequences from cattle from
multiple farms in all 3 counties in Virginia sampled were
identical to each other and to T. orientalis Ikeda and

genotype 2 sequences from GenBank (Figure 2). MPSP
sequences of animals I2 and I3 sampled during December
2017 and May 2018 were identical.
On the basis of MPSP gene sequence phylogeny reported by Sivakumar et al. (4), all clinical samples clustered together, along with T. orientalis Ikeda and genotype
2 sequences retrieved from GenBank (Figure 3). The next
closest related branch was composed of the cluster of T.
orientalis genotype 7. Outgroups composed of T. annulata
and T. parva clustered appropriately. On the basis of SSU
gene sequence phylogeny (4,22) all clinical samples clustered together, along with T. orientalis Ikeda genotype sequences from GenBank (Figure 4).
Discussion
Genotypes of Theileria orientalis are native to the United
States, but are of the Buffeli genotype and are typically
nonpathogenic (17–19). T. orientalis Ikeda/genotype 2, a
novel, virulent genotype, has not been previously identified in North America. Although the vector of T. orientalis
among cattle in Virginia is unknown, H. longicornis ticks
are a major vector in New Zealand, Australia, and Asia (1).
The recent identification of this tick in the United States
and clinical signs of anemia in an Anaplasma-negative herd
of cattle infested by H. longicornis ticks prompted further
investigation into the genotype of T. orientalis detected in
the cattle sampled.
MPSP is an antigenic marker of Theileria spp., and is
used to genotype the 11 Theileria groups (4,5). The sequences analyzed in this study are phylogenetically consistent with
genotype 2, equivalent to the Ikeda genotype. Because the
samples examined in this study represent individual cattle
from geographically distant herds, there is concern that T.
orientalis Ikeda/genotype 2 could be widespread in the region. This concern is especially potent given the presence
of a known vector, H. longicornis ticks, within the region
simultaneously (14). No ticks from the region have been
tested for T. orientalis. Thus, further work is needed to better
understand transmission of T. orientalis Ikeda by H. longicornis ticks or other tick species in Virginia.

Figure 2. DNA sequences from 10 cattle from a farm in Albemarle County, Virginia, USA, infected with Theileria orientalis Ikeda
genotype aligned with 3 GenBank sequences of T. orientalis genotype 2 for the major piroplasm surface protein. Alignment shows
100% consensus. Samples represent cattle from 6 different herds, and 2 samples were obtained at 2 time points. Nucleotides at the top
indicate the consensus sequence. The GenBank sequence THEPMiPI is RNA with uracil substituted for thymine. A color version of this
figure is available online (http://wwwnc.cdc.gov/EID/article/25/9/19-0088-F2.htm).
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Figure 3. Phylogenetic tree showing major piroplasm
surface unit gene sequences for Theileria species.
The tree uses reference sequences from the major
genotypes for T. orientalis (4). Sequences from
infected cattle in Virginia, USA, cluster with genotype
2 sequences. Numbers along branches are bootstrap
values. Scale bar indicates nucleotide substitutions
per site.

The presence of T. orientalis Ikeda/genotype 2 in Augusta County is of particular concern because this county
has the second largest number of cattle in Virginia (23).
Rockingham County, which produces most of the cattle
in Virginia, is adjacent to Augusta and Albemarle Counties. Future studies are needed to determine the presence of
H. longicornis ticks and T. orientalis Ikeda/genotype 2 in
this area, but disease transmission to and within this area is
of concern to cattle producers in Virginia. In countries in
which T. orientalis Ikeda is established, the parasite contributes to economic losses through chronically ill animals.
During 2010 in Australia, losses caused by T. orientalis
Ikeda were estimated to be Aus ≈$20 million (5,10). In
New Zealand, the cost of 1 outbreak on a large dairy farm
was estimated to be ≈1 million New Zealand dollars (5).
In this initial study of cattle in the United States, some
of the animals that were positive for T. orientalis Ikeda by
PCR remained positive 5 months later, suggesting a chronic state, although the animals that had initially exhibited

clinical signs were no longer clinically ill during the spring
and summer months. In New Zealand, disease caused by T.
orientalis demonstrates seasonal pathogenicity, and anemia
is more pronounced during autumn and winter months (12).
Whether this trend is the case in Virginia will require future
exploration. These cattle were also initially suspected to
have anaplasmosis and had additional testing not been conducted, the detection of this pathogenic Theileria species
might not have occurred. This study highlights the need for
more surveillance and appropriate characterization of any
parasites detected.
The source and timing of introduction of T. orientalis
Ikeda/genotype 2 into the United States is unclear. One potential mechanism of introduction is through subclinically
infected live cattle imported from disease-endemic regions.
Approximately 200 live Wagyu cattle were imported from
Japan during 1993–1997 before a ban on exports of Wagyu cattle by Japan in 1997 (24). Some of these same cattle
were exported to Australia. It is possible that this or other
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Figure 4. Phylogenetic tree
showing small subunit rDNA
gene sequences for Theileria
species. Representative samples
from cattle in 6 herds in Virginia,
USA, cluster with the reference
sequences for the Ikeda
genotype. The next most closely
related branch is composed of
T. orientalis Chitose genotype
and then T. orientalis Buffeli
genotype. The outgroup is
composed of a single reference
sequence each for T. parva and
T. annulata. Small subunit rDNA
sequences for I4 and Al1 were
of low quality (6.4% and 3.9%,
respectively). Numbers along
branches are bootstrap values.
Scale bar indicates nucleotide
substitutions per site.

similar live cattle trade introduced this genotype to the United
States. Another possibility is transstadial transmission of H.
longicornis ticks accidentally brought into the United States
on other animals in shipments. Other genotypes of T. orientalis have been identified in the United States (14,17,18),
suggesting that there were previous introductions. Regardless, now that both the tick and the hemoprotozoan are established in this region, H. longicornis ticks will probably play a
role in continued transmission of the parasite, and Theileriaassociated bovine infectious anemia will likely continue to
occur within the area. A study modeling the most likely suitable habitats of the Asian longhorned tick throughout North
America predicts that the tick will thrive along the eastern
United States seaboard from Maine to North Carolina, along
the western United States seaboard from Washington to
northern California, and from northern Louisiana northward
into Wisconsin and Ohio (25). With such a broad range, we
predict T. orientalis Ikeda will become established in multiple states throughout the country.
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Genetic Characterization and
Enhanced Surveillance of
Ceftriaxone-Resistant
Neisseria gonorrhoeae Strain,
Alberta, Canada, 2018
Byron M. Berenger, Walter Demczuk, Jennifer Gratrix, Kanti Pabbaraju, Petra Smyczek, Irene Martin

In July 2018, a case of Neisseria gonorrhoeae associated
with ceftriaxone treatment failure was identified in Alberta,
Canada. We identified the isolate and nucleic acid amplification testing (NAAT) specimen as the ceftriaxone-resistant
strain multilocus sequence type 1903/NG-MAST 3435/NGSTAR 233, originally identified in Japan (FC428), with the
same penA 60.001 mosaic allele and genetic resistance determinants. Core single-nucleotide variant (SNV) analysis
identified 13 SNVs between this isolate and FC428. Culture-independent surveillance by PCR for the A311V mutation in the penA allele and N. gonorrhoeae multiantigen sequence typing directly from NAAT transport media positive
for N. gonorrhoeae by NAAT did not detect spread of the
strain. We identified multiple sequence types not previously
detected in Alberta by routine surveillance. This case demonstrates the benefit of using culture-independent methods
to enhance detection, public health investigations, and surveillance to address this global threat.

A

s incidence of Neisseria gonorrhoeae infection increases worldwide (1–3), sporadic cases of the ceftriaxoneresistant multilocus sequence type (MLST) 1903 (original
isolate FC428 identified in Japan) continue to be detected
(4). The emergence of extended-spectrum cephalosporinresistant (ESCR) strains threatens the ability to treat and
control the increasing number of N. gonorrhoeae infections.
Nucleic acid amplification tests (NAAT) are the
preferred method used for diagnosis of N. gonorrhoeae
infection because they have advantages over culturebased methods, such as enhanced sensitivity (5) and rapid
Author affiliations: University of Calgary, Calgary, Alberta, Canada
(B. Berenger); Alberta Public Laboratories, Calgary (B. Berenger,
K. Pabbaraju); Public Health Agency of Canada, Winnipeg,
Manitoba, Canada (W. Demczuk, I. Martin); Alberta Health
Services, Edmonton, Alberta (J. Gratrix, P. Smyczek)
DOI: https://doi.org/10.3201/eid2509.190407
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turnaround time, and they can be automated. Because of
the widespread use of NAAT, culture has been typically
restricted to specific screening programs (e.g., sexually
transmitted infection [STI] clinics), in cases of treatment
failure, or for high-risk patients (6). In 2016 in Canada,
≈80% of the reported N. gonorrhoeae cases were diagnosed using NAAT (7). Historically, genomic typing and
susceptibility testing required bacterial culture. Although
culture is still the standard to determine antimicrobial
susceptibilities, sequence typing can be performed independently from culture directly from NAAT transport
media (8). Palmer et al. (9) have shown that antimicrobial
resistance in N. gonorrhoeae is usually uniform within
a given sequence type and the susceptibility pattern can
be predicted for sequence types with known phenotypic
susceptibilities. Genetic antimicrobial resistance markers
can also be detected directly from specimens collected in
NAAT transport media, including the penA (penicillinbinding protein 2) 60.001 allele associated with ESCR in
MLST1903 (10).
In January 2017, a ceftriaxone-resistant N. gonorrhoeae strain (MIC 1 mg/L) was identified in Quebec (11),
isolated from a 23-year-old woman whose partner had reported sexual contact during travel to China and Thailand
during fall 2016. She was successfully treated with combination therapy of cefixime (800 mg orally) and azithromycin (1 g orally), followed by azithromycin (2 g orally) 13
days later.
In July 2018, a second case of ceftriaxone-resistant N.
gonorrhoeae infection causing urethritis was detected in
Canada in the province of Alberta; the male patient probably acquired it through an anonymous sexual encounter
in Alberta with a visitor from Taiwan or mainland China
(12). Current N. gonorrhoeae culture protocols only capture a small portion of the N. gonorrhoeae–infected population and, as with the Alberta case, there can be a delay of
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months from initial sexual encounter to NAAT diagnosis
and the determination of ESCR by culture. In the Alberta
case, the infection probably occurred sometime during December 2017–February 2018; no sexual encounters were
reported afterward. The N. gonorrhoeae infection was diagnosed by NAAT on a urethral swab in May; the patient
was treated with ceftriaxone (250 mg intramuscularly) and
azithromycin (1 g orally). His urethritis recurred; he tested
positive by NAAT again on a urethral swab and urine in
June and was referred to the STI clinic. He sought care at
the clinic in July and the initial treatment of ceftriaxone
and azithromycin was repeated. Upon notification of the
ESCR urethral-swab isolate, STI services treated him with
gentamicin (240 mg intramuscularly) and azithromycin (2
g orally). Urethral swab culture and urine NAAT taken 4
weeks later tested negative.
This study had 2 aims. The first was to describe the
microbiological investigation into this case at the local,
provincial, and national levels using phenotypic antimicrobial susceptibility testing and nucleic acid–based
antibiotic susceptibility determination, as well as genetic typing of the June 2018 NAAT specimen and the
July 2018 Alberta isolate (designated 51742). Because
anonymous sexual encounters made traditional contact
investigation impossible and diagnosis was delayed, it
was possible that this ceftriaxone-resistant strain had
spread within Alberta. The second aim was to determine any further dissemination of the strain by expanding sequence typing and testing for the same penA allele
using NAAT transport media specimens from clients
tested in the same geographic area shortly after the case
was detected.
Methods
Detection of N. gonorrhoeae and Phenotypic
Antimicrobial Susceptibility Determination

NAAT-based diagnosis of N. gonorrhoeae infection was
performed using the Aptima Combo 2 nucleic acid amplification test kit (Hologic Inc., https://www.hologic.com)
for N. gonorrhoeae and Chlamydia trachomatis at Calgary
Laboratory Services, Calgary, Alberta. The province of
Alberta (population 4.25 million) is divided into 5 health
zones (North, Edmonton, Central, Calgary, and South);
Calgary Laboratory Services performs all NAAT for N.
gonorrhoeae and C. trachomatis for the Calgary Zone
(population 1.6 million) and South Zone (population 0.3
million) (13).
N. gonorrhoeae was cultured at the Alberta Provincial
Laboratory for Public Health (ProvLab) from a specimen
planted onto Thayer-Martin agar with antibiotics at the
time of collection at the Calgary STI clinic. Agar plates
were prepared in-house with GC agar base (BD Difco;

Becton-Dickinson, https://www.bd.com). Susceptibility testing was conducted in accordance with Clinical and
Laboratory Standards Institute (CLSI) M100 guidelines
(14). Antimicrobial susceptibility was tested by gradient diffusion at ProvLab using Etest (BioMérieux, https://
www.biomerieux.com), except for ertapenem, which was
tested with Liofilchem (https://www.liofilchem.com) at the
National Microbiology Laboratory (NML), Public Health
Agency of Canada. Agar dilution was performed at the
NML in accordance with CLSI M100 (14) for azithromycin, cefixime, ceftriaxone, erythromycin, penicillin, spectinomycin, tetracycline (Sigma-Aldrich, https://www.sigmaaldrich.com), ciprofloxacin (Bayer Healthcare, https://
www.bayer.com), ertapenem (Sequoia Research, www.
seqchem.com), and gentamicin (MP Biomedical, https://
www.mpbio.com). Ertapenem gradient diffusion and agar
dilution were done using growth supplement without cysteine. We analyzed β-lactamase production using nitrocefin
(Oxoid Canada, http://www.oxoid.com).
MIC interpretations were based on CLSI M100 2019
guidelines (15) except for erythromycin (resistant >2 mg/L)
(16), ertapenem (nonsusceptible >0.064 mg/L) (17), and
gentamicin (resistant >32 mg/L) (18,19). N. gonorrhoeae
reference cultures used as controls were ATCC49226,
WHO-F, WHO-G, WHO-K, and WHO-P/WHO-U.
Whole-Genome Sequencing of N. gonorrhoeae Isolate

Genomic analyses were conducted at the NML as previously described (4). N. gonorrhoeae culture was extracted by standard protocols using Lucigen MasterPure
Complete DNA and RNA Extraction Kit (Mandel Scientific, http://www.mandel.ca). Multiplexed libraries were
created with Nextera XT specimen preparation kits (Illumina, https://www.illumina.com). Paired-end, 300-bp
indexed reads generated on the Illumina MiSeq platform
yielded 567,231 reads/genome and average genome coverage of 84×. Reads were merged using FLASH (20) and
assembled with SPAdes (21), yielding an average contig
length of 7,081 bp; the average N50 contig length was
39,185 bp. We submitted raw whole-genome sequence
(WGS) read data to the National Center for Biotechnology Information under BioProject no. PRJNA526031.
We created a core single-nucleotide variation (SNV)
phylogeny by mapping reads to FA1090 (GenBank accession no. NC_002946.2) using a custom Galaxy SNVPhyl workflow (22). We used a meta-alignment of
informative core SNV positions to create a maximumlikelihood phylogenetic tree for the strains 51742,
A7536, A7846, FC428, FC460, and 47707, as well as the
ceftriaxone-resistant strains that the World Health Organization named as a reference panel: H041 (WHO-X),
F89 (WHO-Y), and A8806 (WHO-Z) (23). We excluded variant calls within potential problematic regions,

Emerging Infectious Diseases • www.cdc.gov/eid • Vol. 25, No. 9, September 2019

1661

RESEARCH

including repetitive regions, using MUMmer version
3.23 (http://mummer.sourceforge.net) with a minimum
length of repeat region set to 150 and the minimum percent identity of repeat region set to 90%. We removed
highly recombinant regions with >2 SNVs per 500 nt
from the analysis (20). The percentage of valid and included positions in the core genome was 97.3%; 571
sites were used to generate the phylogeny. We generated
the phylogenetic tree using FigTree version 1.4 (http://
tree.bio.ed.ac.uk/software/figtree) (Figure).
We determined DNA sequences for N. gonorrhoeae
multiantigen sequence typing (NG-MAST) (24), multilocus sequence typing (25), and N. gonorrhoeae sequence
typing for antimicrobial resistance (NG-STAR) (26) in silico from WGS data and allocated sequence types using NGMAST (http://www.ng-mast.net), Neisseria multilocus
sequence typing (http://pubmlst.org/neisseria), and NGSTAR (https://ngstar.canada.ca) schemes. We determined
NG-MAST of the Alberta isolate at ProvLab in accordance
with Allen et al. (27).

Genotyping of NAAT Specimen Collected from
the Case with Treatment Failure

We referred the NAAT specimen collected in June 2018
to the NML, where DNA extraction, preparation, real-time
PCR, NG-MAST, and analysis of results were performed as
previously described (28,29). The NG-MAST protocol was
performed with the following modifications: a nested PCR
for both porB and tbpB, with porB using primers porF1
(5′-CAATGAAAAAATCCCTGATTG-3′) and porR1
(TTTGCAGATTAGAATTTGTGG) for the first step and
primers porF2 (CTGATTGCCCTGACTTTGGCAG) and
porR2 (AGAAGTGCGTTTGGAGAAGTCG) for the second step; and nested PCR for tbpB using primers tbpBF1
(AGGAATTGGTTTTCCGCTTT) and tbpBR1 (CGGTTTTCGCCATACCTTTA) for the first step, and tbpB
primers by Martin et al. (24) for the second step. We evaluated SNV targets associated with ceftriaxone-resistant
penA mutation (A311V), cephalosporin-decreased susceptibility (ponA L421P, mtrR 35delA, porB G120/A121, and
penA mosaic allele), ciprofloxacin resistance (gyrA S91,

Figure. Core single-nucleotide variant (SNV) phylogenetic tree of ceftriaxone-resistant Neisseria gonorrhoeae identified from enhanced
surveillance in Alberta, Canada (bold), and reference isolates. The maximum-likelihood phylogenetic tree is rooted on the reference
genome of N. gonorrhoeae FA1090 (GenBank accession no. NC_002946.2). Scale bar represents the estimated evolutionary
divergence between isolates on the basis of average genetic distance between strains (estimated number of substitutions in the sample/
total number of high-quality SNVs). Strains F89 (WHO-Y), A8806 (WHO-Z), and H041 (WHO-X), A7536, 47707, A7846, FC460,and
FC428 are previously reported ceftriaxone-resistant reference strains (4). MLST, multilocus sequence typing; NG-MAST, N. gonorrhoeae
multiantigen sequence typing; NG-STAR, N. gonorrhoeae sequence typing for antimicrobial resistance.
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D95, and parC D86/S87/S88), and azithromycin resistance
(23S rRNA A2059G, C2611T) (10,28,29).
Enhanced Surveillance of Additional NAAT Specimens

In Alberta, routine N. gonorrhoeae antimicrobial resistance
surveillance involves sequence typing of all resistant and
susceptible isolates cultured within the first 15 days of each
month, collected primarily from the 3 provincial STI clinics located in Calgary (population 1.24 million), Edmonton
(population 0.93 million), and Fort McMurray (population
66,653) (30). Because of increased rates of gonorrhea and
nonavailability of cultures, all NAAT specimens from the
North Zone (population 0.48 million) are typed by NGMAST sequence typing. For further information refer to
the publication by Gratrix et al. (31) and the Alberta Health
Zone map (13).
We conducted NG-MAST sequence typing and testing
for the penA A311V mutation as above from remnant clinical NAAT specimens collected during August 1–September 15, 2018, from the Calgary and South Zones in southern Alberta by the NML. Specimens collected before these
dates were not tested; they were discarded in accordance
with routine laboratory protocols.
Results
Antimicrobial susceptibility by gradient diffusion at ProvLab detected an isolate resistant to ceftriaxone, cefixime,
and penicillin, which was confirmed by agar dilution at the
NML (Table 1). Overall, we found categorical agreement
between the 2 methods, except for tetracycline, which was
intermediate by gradient diffusion but resistant by agar
dilution. Gentamicin was not tested by Etest due to unacceptable MIC essential agreement (<90%) compared to the

agar dilution reference method (T.C. Dingle and P. Naidu,
Alberta Public Laboratories, pers. comm., email, 2019 Mar
11), but the isolate was susceptible by agar dilution. Genetic resistance marker testing correlated with susceptibility phenotypes (Table 1). No specific genetic determinants
of ertapenem susceptibility or nonsusceptibility have been
established, but there may be overlap with mechanisms of
resistance for other β-lactams (32). The isolate tested negative for β-lactamase production.
Within 2 days of the isolate being identified as ESCR,
sequencing of porB and tbpB at the ProvLab revealed that
the isolate was NG-MAST 3435, the same sequence type as
the FC428 isolate from Japan isolated in 2015 (33). The isolate also had the same penA mutations as FC 428 (A311V
and T483S), providing genetic confirmation of the phenotypic resistance results. Sequence typing at NML confirmed
the findings at the ProvLab and further characterized the
isolate as MLST1903, NG-STAR 233, and penA mosaic
60.001, which were the same as other ESCR MLST1903
(4). WGS revealed that the isolate had <13 SNV differences from other ESCR MLST1903 isolates (Figure). The
isolate was most closely related to A7536 from Australia
(7 SNV) and distantly related (about 300 SNV) to other
ceftriaxone-resistant isolates (France 2010 F89, Australia
2009 A8806, and Japan 2009 H041) (Figure).
In addition to the penA mutations, resistance determinants found in other ESCR MLST1903 isolates and ESCR
MLST1901, including a –35A deletion in the mtrR promoter, the porB mutations G120K and A121D, ponA L421P,
gyrA S91F, gyrA D95A, and parC S87R, were also found
in the Alberta isolate (4,34,35). We detected these resistant
determinants, along with penA A311V, by direct testing of
the Alberta June 2018 NAAT specimen.

Table 1. Phenotypic and genetic antibiotic susceptibility testing for ceftriaxone-resistant Neisseria gonorrhoeae isolate, Alberta,
Canada, 2018*
Genetic markers/mutations identified in genome:
Antimicrobial drug
Etest MIC, μg/mL Agar dilution, μg/mL Interpretation
result
Ceftriaxone
0.5–1
0.5
R
penA: mosaic 60.001, A311V, T483S; mtrR
promoter: –35A deletion; mtrR: wild types for A39
and G45; porB: G120K, A121D; porB structure:
porB1b; ponA: L421P
Cefixime
2
2
R
Penicillin
4
2
R
Ertapenem
0.064
0.125
NS
Azithromycin
0.5–1
0.25
S
23S rRNA A2059G and C2611T: absent; ermB:
negative; ermC: negative; mtrR promoter: –35A
deletion; mtrR: wild types for A39 and G45
Ciprofloxacin
>32
32
R
gyrA: S91F and D95A; parC: D86, S87R, and wild
type S88
Tetracycline
1
2
R†
rpsJ: rpsJ_3 (V57M); tetM: negative; mtrR
promoter: –35A deletion; mtrR: wild types for A39
and G45
Gentamicin
ND
8
S
Genetic resistance determinants not determined
Spectinomycin
ND
16
S
Moxifloxacin
4
ND
NA
*Interpretations based on agar dilution. NA, breakpoint not available; ND, not done; NS, nonsusceptible; R, resistant; S, susceptible.
†Tetracycline resistance would be intermediate on the basis of Etest MIC.
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Of the 3,677 NAAT specimens tested from Calgary
and South Zones during August 1–September 15, 2018,
a total of 254 (from 215 cases) were positive for N. gonorrhoeae and 232 (from 194 cases) could be located for
sequence typing (by NG-MAST) and screening for the
penA A311V mutation. Of the 232 positive specimens, 95
(41.0%) were collected from urine, 57 (24.6%) from the
pharynx, 32 (13.7%) from the vagina, 29 (12.5%) from
the rectum, 11 (4.7%) from the cervix, and 8 (3.5%) from
the urethra. All specimens tested negative for the penA
A311V mutation. We were able to determine the ST from
173 specimens (74.6% of specimens) each representing 1
case (89% of cases): 90 urine, 28 vaginal, 24 rectal, 14 pharyngeal, 9 cervical, and 8 urethral specimens. Of the 232
positive specimens, 59 (25.4%) were nontypeable because
of either poor sequence quality or no amplicon for one or
both targets; 8 had a porB sequence only and 38 tbpB only.
Among the 173 specimens sequence typed, we detected
53 different NG-MAST; the most prevalent STs (>10
specimens) were ST8890 (34; 19.7%), ST5441 (17; 9.8%),
and ST16065 (12; 6.9%) (Table 2). We did not detect

NG-MAST-3435 in these specimens or in any other specimen or isolate typed as a part of routine testing in Alberta
as of June 30, 2019. We did not have culture data available
for 30 sequence types (56.6%) to predict susceptibility.
The enhanced surveillance during August 1–September 15, 2018, resulted in successful sequence typing of 89%
of 215 cases in the Calgary and South Zones and 42.5% of
703 cases in all Alberta health zones. In comparison, the sequence typing success rate for December 1, 2017–July 31,
2018, was 18.5% (139/748) of N. gonorrhoeae infection
cases in Calgary and South Zones and 18.5% (566/2,807)
of cases in all of Alberta.
Of the 194 cases included in the enhanced surveillance
specimens, 22 (11.3%) also had a culture-positive isolate
with a sequence type identified through routine surveillance. In 11/22 cases, the ST from the NAAT matched the
isolate. In 10 of 26 NAAT specimens from the 22 cases
with an isolate available, the NAAT ST was nontypeable,
and in 1 case, the ST isolate and NAAT (both collected on
the same day from the same pharynx sample) differed by 1
nucleotide, indicating that the infecting strain had mutated.

Table 2. Test results and antimicrobial resistance pattern predictions of sequence types identified from enhanced surveillance of
Neisseria gonorrhoeae samples, Alberta, Canada*
No. specimens
Sequence type by
(% of all specimens), No. cases,
Antimicrobial resistance pattern
No. specimens with specified
NG-MAST
n = 232†
n = 194†
prediction‡
AMR/no. cultures identified with ST§
Nontypeable
59 (25.4)
35
NA
ST8890
34 (14.7)
33
TetR
43/45
ST5441
17 (7.3)
17
Susceptible
66/79
ST16065
12 (5.2)
9
CipR/TetR
63/63
ST14788
7 (3.0)
6
Susceptible
21/26
ST5985
7 (3.0)
7
TRNG
649/730
ST11086
6 (2.6)
5
CipR/EryR/PenR/TetR
30/30
ST12302
6 (2.6)
6
CipR/EryR/TetR/often AziR
1,198/1,211 (CipR/EryR/TetR);
687/1,211 (are also AziR)
ST4637
6 (2.6)
5
Susceptible
17/20
ST8288
6 (2.6)
6
Penicillinase-producing/CipR
12/14
ST1387§
4 (1.7)
4
No culture available
0
ST16288
4 (1.7)
4
CipR/EryR
26/26
ST16972
4 (1.7)
4
Susceptible
4/5
ST17029
4 (1.7)
4
No culture available
0
ST18135
4 (1.7)
2
No culture available
0
ST4186
4 (1.7)
4
Susceptible
4/4
ST11461
3 (1.3)
3
TRNG
161/166
ST13489
3 (1.3)
3
Susceptible
1/1
ST16211
3 (1.3)
2
EryR/TetR
2/2
ST14698
2 (0.86)
2
AziR/CipR/EryR/TetR
142/208
ST16825§
2 (0.86)
1
No culture available
0
ST18126§
2 (0.86)
2
No culture available
0
ST18154
2 (0.86)
2
No culture available
0
*N. gonorrhoeae infection was diagnosed by the Aptima Combo 2 nucleic acid amplification test kit (Hologic Inc., https://www.hologic.com). AziR,
azithromycin resistant; CipR, ciprofloxacin resistant; EryR, erythromycin resistant; NG-MAST, N. gonorrhoeae multiantigen sequence typing; ST,
sequence type; TetR, tetracycline-resistant; TRNG, TetR N. gonorrhoeae (high-level plasmid mediated).
†Sequence types detected in only 1 specimen and resistance patterns (if known) are as follows and represent individual cases unless noted as an
additional site: ST10451 (PenR/CipR/EryR/TetR); ST11691 (CipR/EryR/TetR and half are AziR); ST11933 (susceptible or TetR); ST-16161 (TetR);
ST16595 (TRNG); ST18146; ST18156; ST3935 (EryR/TetR, sometimes PenR); ST9120. Sequence types detected in only 1 specimen that had not
previously been detected in Alberta are ST14797; ST17196; ST18057; ST18134; ST18136; ST18137; ST18138; ST18155 (additional site); ST18157;
ST18158; ST18159; ST18160; ST18161; ST18162; ST18340 (additional site); ST18341; ST18342; ST18343; ST18344; ST18345 (additional site);
ST5308 (XDR: AzR/CeDS/CipR/PenR/TetR/EryR); ST6339.
‡Based on data from the Canadian national gonococcal collection, which included 7,498 gonococcal cultures with sequence typing and phenotypic
susceptibility results collected during 2016–2018.
§Sequence type had not been previously detected in Alberta.
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Twenty-three cases had multiple sites of infection, and 6 of
these had distinct strains at each site, determined by either
different STs (n = 3) or porB (n = 2) or tbpB (n = 1) alleles.
We found no evidence of mixed infections at the same site.
The additional surveillance of NAAT specimens in
the Calgary and South Zones for 1.5 months identified 26
new NG-MAST for Alberta. Most of these new ST (n = 24,
92.3%) represented individual cases. ST1387 was new to
Alberta with 4 cases and ST18126 with 2 cases (Table 2).
Discussion
Continued detection and control of ESCR globally requires
rapid detection of cases, coordinated public health interventions, and enhanced surveillance for antimicrobial resistance. Critical to the detection and prevention of further
cases from the laboratory standpoint is the maintenance
of culture and susceptibility testing along with rapid molecular confirmation of resistance and determination of
sequence type. Because diagnosis of N. gonorrhoeae infections by NAAT is far more widespread than by culture,
NAAT specimens can be used to detect ESCR in the population by culture-independent methods. The detection of
the second case of ceftriaxone resistance in Canada highlights the use of these methods to facilitate public health
investigation in a timely manner. Our findings show that
current surveillance activities fail to conduct sequence typing in 80% of cases. Laboratory detection must, of course,
be accompanied by appropriate clinical case management
and public health follow-up, including partner notification
and test of cure for treatment of drug-resistant or treatment
failure cases.
In the Alberta ESCR case, we could not exclude the
possibility of further spread of the ESCR because of the
patient’s anonymous sexual encounters and the long delay
in diagnosis. Alberta and other provinces in Canada currently rely on susceptibility testing in select populations
(e.g., STI clinic patients) to detect N. gonorrhoeae resistance. This surveillance covers only 22% of the cases in
Alberta (31); alternative approaches to susceptibility testing, such as screening for resistance markers and typing of
NAAT specimens, are required for greater representation
of the population.
Upon sequence typing specimens for 6 weeks after
detection of the ESCR case, we found 26 STs that were
previously not detected in Alberta. Although no ceftriaxone-resistant specimens were detected, 1 was identified
as NG-MAST-5308, which had not been previously detected in Alberta and has been associated with multidrug
resistance and decreased susceptibility to cephalosporins (I. Martin, unpub. data). ST5308 has been circulating in a neighboring province and, upon further investigation, we found that the case-patient was a resident of
that province.

In line with World Health Organization recommendations (36), our study supported the value of enhanced
culture-independent surveillance of NAAT specimens after detection of an ESCR isolate by sequence typing and
PCR for resistance markers such as penA mutations. In our
study, the ad hoc rapid population surveillance indicated
that the strain was not circulating in our population by increasing the percentage of N. gonorrhoeae cases sequence
typed in the Calgary and South Zones from 18.5% to 89%.
The appropriate follow-up period for enhanced surveillance should take into account local baseline surveillance
practices and the risk of transmission into the local population. Our risk assessment took into account the clinical and
sexual history, number of sexual encounters, location of the
sexual encounters, ability to reach case-contacts, and resource availability to run culture-independent surveillance.
In our study, the risk for transmission was determined to be
low based on the patient’s sexual history, and we chose not
to do any further enhanced surveillance.
Sequence typing and NAAT-based detection of genetic resistance determinants can act as a surrogate for culture
(8,9); however, there are limitations. First, the susceptibility pattern of the sequence type needs to be known (only
44% were in our study), and the correlation between sequence type and susceptibility pattern needs to be well documented. The detection of genetic resistance markers by
molecular techniques can also be challenging when multiple resistance markers can contribute to a single phenotype
or the markers are unknown (as is the case with ertapenem
[32)]). Fortunately, in the case of NG-MAST 3435, the
specific penA allele is known and the method for nucleic
acid–based detection of this allele has been published (10).
Advances in streamlining the methods for sequence typing
and resistance marker detection from NAAT specimens are
also needed because the current methods are labor intensive
and costly. Of note, performing nucleic acid–based surveillance requires the availability of specimens. In our case, the
laboratory stored positive specimens routinely for 1 month
after collection, but upon detection of the ESCR case, this
time was changed to 2 months. Longer storage times of
positive samples would improve surveillance of NAAT
specimens collected before an ESCR isolate is detected by
culture. We were also able to get specimens easily, because
CT/GC NAAT is centralized to 1 site in southern Alberta.
Additional phenotypic susceptibility testing of our isolate was challenging within the province because agar dilution was not available and published evaluations comparing the accuracy of gradient diffusion methods for alternate
antibiotics, especially aminoglycosides, are lacking. In the
absence of accurate susceptibility testing for gentamicin,
STI services treated the Alberta case empirically based on
Canada’s STI guidelines. The previously unreported MIC
of the Quebec 2017 isolate (47707) was determined by
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agar dilution at NML to be 0.125 µg/mL; our results would
indicate that NG-MAST 3435/MLST1903 isolates should
be considered nonsusceptible to ertapenem. Ertapenem
has also been used as a treatment option for an ESCR case
in the United Kingdom (37), but most ESCR publications
have not reported the MICs for ertapenem, other than the
United Kingdom case (0.032 µg/mL; susceptible) (37) and
a case in France (0.004 µg/mL; susceptible) for which only
Etest results were reported (34). We recommend that future
descriptions of ESCR include MICs for all antimicrobial
drugs that are considered treatment options by both gradient diffusion and agar dilution.
To curtail the international spread of ESCR strains,
proactive surveillance by molecular techniques may be
necessary to detect cases, especially where culture is not
available. Jurisdictions should also consider increasing the
number of cases for which culture is available. Once a case
is found, rapid molecular confirmation of ESCR strains to
determine the possible origin and confirm the phenotypic
results is imperative to aid public health authorities. Consideration of optimal surveillance strategies needs to be part
of a global effort that encompasses continued international
surveillance; open and complete data sharing; and enhancement of laboratory, treatment, and public health support to
resource-limited areas of the world.
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Clonality of FluconazoleNonsusceptible Candida tropicalis
in Bloodstream Infections,
Taiwan, 2011–2017
Pao-Yu Chen, Yu-Chung Chuang, Un-In Wu, Hsin-Yun Sun, Jann-Tay Wang,
Wang-Huei Sheng, Hsiu-Jung Lo, Hurng-Yi Wang, Yee-Chun Chen, Shan-Chwen Chang

Candida tropicalis is the leading cause of non–C. albicans
candidemia in tropical Asia and Latin America. We evaluated isolates from 344 patients with an initial episode of C.
tropicalis candidemia. We found that 58 (16.9%) patients
were infected by fluconazole-nonsusceptible (FNS) C. tropicalis with cross resistance to itraconazole, voriconazole,
and posaconazole; 55.2% (32/58) of patients were azolenaive. Multilocus sequence typing analysis revealed FNS
isolates were genetically closely related, but we did not see
time- or place-clustering. Among the diploid sequence types
(DSTs), we noted DST225, which has been reported from
fruit in Taiwan and hospitals in Beijing, China, as well as
DST376 and DST505–7, which also were reported from
hospitals in Shanghai, China. Our findings suggest crossboundary expansion of FNS C. tropicalis and highlight the
importance of active surveillance of clinical isolates to detect dissemination of this pathogen and explore potential
sources in the community.

C

andida species are the leading fungal pathogens causing severe healthcare-associated infections in immunocompromised patients globally (1). C. tropicalis is among
the top 4 Candida species responsible for candidemia
worldwide and is the most common cause of invasive candidiasis in tropical Asia and in Latin America (2–5).
C. tropicalis and C. albicans are ascomycetous diploid
yeasts, closely related among pathogenic Candida species,
and belong in a single Candida clade characterized by the
unique translation of CUG codons as serine rather than
leucine (6,7). These pathogens initially were considered
to be susceptible to azoles (8–12) with the same clinical
Author affiliations: National Taiwan University Hospital, Taipei,
Taiwan (P.-Y. Chen, Y.-C. Chuang, U.-I. Wu, H.-Y. Sun, J.-T. Wang,
W.-H. Sheng, Y.-C. Chen, S.-C. Chang); National Taiwan
University College of Medicine, Taipei (P.-Y. Chen, H.-Y. Wang,
Y.-C. Chen, S.-C. Chang); National Health Research Institutes,
Miaoli, Taiwan (J.-T. Wang, H.-J. Lo, Y.-C. Chen)
DOI: https://doi.org/10.3201/eid2509.190520
1668

breakpoints (13,14). The widespread use of azoles during
the past 2 decades coincided with a decrease in incidence of
C. tropicalis and C. albicans infections, which was coupled
with an increase in infections caused by C. glabrata and
other less susceptible and azole-resistant Candida species
(12,15,16). Azole-resistant, less susceptible C. tropicalis
has emerged worldwide, particularly in the Asia Pacific
region (5,16–21). A multicenter study conducted in this
region found that the 90% (MIC90) of fluconazole for C.
tropicalis increased to 32 µg/mL, the same as the MIC90 of
C. glabrata and much higher than the MIC90 of C. albicans,
0.064 µg/mL (19).
Some studies of the genetic relationship of clinical
fluconazole-nonsusceptible (FNS) C. tropicalis isolates
have reported clonal diversity (22–24), whereas others
have demonstrated clonal clusters (20,25,26). Among
these studies, few examined the association between genetic relatedness of FNS C. tropicalis and clinical characteristics and outcomes of the infected patients (23,27).
We conducted a study of 334 patients with C. tropicalis
bloodstream infections (BSIs) in Taiwan to examine these
relationships in greater detail. We determined the genetic
relationships of fluconazole-susceptible (FS) and FNS C.
tropicalis isolates from blood cultures; compared the relationship of isolates according to time, place, and person;
and analyzed the clinical characteristics and outcomes of
the patients according to susceptibility to fluconazole and
genetic relationship. We further explored the potential
emergence and spread of FNS C. tropicalis globally.
Methods
Study Designs, Setting, and Patients

We conducted a 7-year prospective observational study of
adult patients with C. tropicalis BSIs admitted to the National Taiwan University Hospital (NTUH; Taipei, Taiwan)
during March 1, 2011–December 31, 2017. NTUH is a
2,300-bed teaching hospital that provides both primary and

Emerging Infectious Diseases • www.cdc.gov/eid • Vol. 25, No. 9, September 2019

Candida tropicalis Bloodstream Infections, Taiwan

tertiary care. We obtained patient data from the clinical records, including demographics, underlying disease, severity
of illness, initial and follow-up blood cultures, focus of infection, antifungal therapy, presence of indwelling catheters,
and fatality. We followed patients until discharge or death.
This study was approved by the Research and Ethics Committees of NTUH (approval nos. NTUH-201103121RB and
NTUH-201502034RIND).
Patients with candidemia were treated according to the
guidelines of the Infectious Diseases Society of Taiwan (28).
Central venous catheters were removed when feasible. Antifungal susceptibility tests were performed at physicians’
request. Systemic antifungal agents included fluconazole,
voriconazole, posaconazole, caspofungin, micafungin, anidulafungin, amphotericin B deoxycholate, liposomal amphotericin B, and flucytosine. We defined antifungal exposure as
receipt of >1 antifungal agent within 6 months of onset of C.
tropicalis BSI. We defined breakthrough C. tropicalis BSI as
a positive blood culture for C. tropicalis in patients receiving
an antifungal agent for >2 days.
Microbiology

We prospectively collected all C. tropicalis blood isolates
from the hospital clinical microbiology laboratory. We reconfirmed the species identity by using CHROMagar Candida
medium (Becton Dickinson, https://www.bd.com) and the
Vitek 2 yeast identification system (bioMérieux, https://www.
biomerieux.com). We performed DNA sequencing by using
the internal transcribed spacer regions of the ribosomal 18S
rRNA gene for Candida species, as described previously (29).
Antifungal Susceptibility Testing

We determined the MIC of the first Candida blood isolate
from each patient by using the microdilution colorimetric
Sensititre YeastOne YO-09 panel (ThermoFisher Scientific, https://www.thermofisher.com), in accordance with
the manufacturer’s instructions. We interpreted MICs according to clinical breakpoints proposed by the Clinical
and Laboratory Standards Institute (CLSI) for antifungal
agents (14); for posaconazole, we used breakpoints proposed by the European Committee on Antimicrobial Susceptibility Testing (EUCAST) (13). We defined FS as MIC
of ≤2 µg/mL; susceptible-dose-dependent as MIC of 4 µg/
mL; and resistant as MIC of ≥8 µg/mL. We further categorized FNS as susceptible-dose-dependent or resistant.
We used epidemiologic cutoff values proposed by CLSI
to categorize antifungal agents without established clinical breakpoints as wild type or non–wild type (9,30). We
used C. albicans (ATCC 90028), C. parapsilosis (ATCC
22019), and C. krusei (ATCC 6258) as reference strains
for quality control. We defined multidrug-resistant (MDR)
C. tropicalis as nonsusceptible to >1 agent in >2 antifungal
classes (31).

DNA Extraction, PCR Amplification,
and Sequencing

We extracted whole-genome DNA of C. tropicalis isolates in Sabouraud dextrose agar pure colonies by using
Quick-DNA Fungal/Bacterial DNA MiniPrep Kit (Zymo
Research, https://www.zymoresearch.com) according to
manufacturer’s protocol. We measured DNA concentrations by using NanoDrop 2000 (ThermoFisher Scientific, https://www.thermofisher.com). We stored DNA
extracts at –20°C before conducting amplification in a
reaction volume of 20 μL, consisting of 2 μL of DNA,
1 μL each of forward and reverse primers (50 mmol/L),
10 μL KAPA HotStart ReadyMix (KAPA Biosystems,
https://www.kapabiosystems.com), and 6 μL of water. We performed PCR amplification by the following
methods: 95°C for 3 min; 30 cycles of 95°C for 30 sec,
60°C for 30 sec, and 72°C for 30 sec; 72°C for 3 min;
and a final hold at 4°C.
Multilocus Sequence Typing

We typed all FNS isolates and randomly selected FS
isolates to type at a ratio of 1:2 a multilocus sequence
typing (MLST) scheme previously described by Tavanti
et al (32). In brief, we used sequences of the oligonucleotide primers for PCR amplification of 6 gene fragments,
ICL1, MDR1, SAPT2, SAPT4, XYR1, and ZWF1a. We
purified the PCR amplification products and sequenced
both strands of the fragments by using an Applied Biosystems PRISMR 3730 DNA Analyzer (ThermoFisher
Scientific, https://www.thermofisher.com). We defined
nucleotide sequences by alignment of forward and reverse sequences by using BioNumerics version 6.6
(Applied Maths, http://www.applied-maths.com) and
confirmed polymorphic sites by visual examination of
the chromatograms. We defined heterozygosity as the
presence of 2 coincident peaks in both the forward and
reverse sequence chromatograms. We defined the results
by using heterozygous data (K, M, R, S, W, and Y) from
the International Union of Pure and Applied Chemistry
(https://iupac.org) nomenclature.
To assign allele numbers and diploid sequence types
(DSTs), we compared our sequences with C. tropicalis
available in the central MLST database (https://pubmlst.org/
ctropicalis) and assigned new allele numbers as needed. We
used a combination of the results from the 6 gene fragments
that yielded unique DSTs to quantify the similarities and putative genetic relationships between C. tropicalis isolates.
Phylogenetic Analysis

We conducted phylogenetic analysis by the UPGMA and
applied minimum spanning tree algorithms based on pdistance by using BioNumerics version 6.6 to concatenated
sequence data of 165 C. tropicalis isolates in this cohort.
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Only 55 FNS isolates were typable. We determined the
value of the cluster nodes by bootstrapping with 1,000
randomizations and used eBURST V3 (Imperial College
London, UK; http://eburst.mlst.net) to determine putative
relationships between strains. When 5 of the 6 alleles were
identical between a pair, we considered the strains related
and placed them into clonal complexes (CCs) (32). We predicted the putative founding DST of each CC by using the
eBURST algorithm, where possible.
We downloaded 185 FNS C. tropicalis isolates from
the MLST database and included these for phylogenetic
analyses to elucidate the global clonal spread of these fungi. We also reviewed the MLST database and the literature
to identify the year, country, and city from which these isolates were reported or detected.

note, the rate of resistance to fluconazole increased from
6.7% in 2011 to 19.3% in 2017 (p = 0.07 for the trend). The
distribution of fluconazole MICs was bimodal. The highest
peak ranged from 0.5 to 2 µg/mL, with a smaller peak at
128–512 µg/mL (Figure 1, panel B).
Phylogenetic Analysis of the C. tropicalis
Blood Isolates

We expressed continuous variables as medians and interquartile ranges, and categorical variables as absolute
frequencies and percentages. To compare clinical and
microbiological factors between FS and FNS groups, we
analyzed continuous data with the Mann-Whitney U test.
We compared categorical data using χ2 or Fisher exact test.
For 3 groups categorized by CCs and FS, we performed
post hoc analysis using the Mann-Whitney U test or Fisher
exact test with a Bonferroni-adjusted α for pairwise comparisons if the result of the initial test was statistically significant. We examined time trends of the rates by logistic
regression analysis. To analyze the predictors of FNS C.
tropicalis BSIs, we subsequently entered all variables with
p<0.20 in univariate analysis and probable biologic meaning into the multivariate analysis. We developed multivariate models by using a stepwise method, with minimization of the Akaike information criterion, then considered
variables statistically significant only when p<0.05 and
included these in the final model. We performed analyses
with Stata version 14 (StataCorp LLC, https://www.stata.
com) software and considered 2-sided p values <0.05 statistically significant.

The UPGMA dendrogram for 55 FNS and 110 FS isolates (Appendix Figure 1 (http://wwwnce.cdc.gov/EID/
article/25/9/19-0520-App1.pdf) showed that the 165 isolates belonged to 16 groups defined by similarities of >80%
and consisting of 87 DSTs. eBURST analysis revealed 78
DSTs grouped into 24 CCs; 9 DSTs were classified as singletons (Appendix Figure 1, Appendix Table 1). The CCs
determined by eBURST were concordant to groups defined
by UPGMA, except for some minor CCs and singletons
that were grouped with other major CCs by UPGMA. CC3
was most common (40/165, 24.2%), correlating with UPGMA group 9 with 85.2% similarity; isolates were assigned
to 12 DSTs, including DST225 (n = 9) as the putative
founder based on eBURST algorithm. CC2 was the second
most common, correlating with UPGMA group 4; these 33
isolates were assigned to 13 DSTs, with DST140 (n = 14)
as the putative founder. CC4, UPGMA group 7, included
22 isolates assigned to 12 DSTs, with DST139 (n = 7) as
the putative founder.
CC3 had an FNS rate of 90.0% (36/40) compared
with variable rates for the other CCs; 65.5% (36/55) of the
FNS isolates from this study belonged to CC3, including
DST225 (n = 9), DST375 (n = 1), DST376 (n = 6), DST505
(n = 1), DST506 (n = 6), DST507 (n = 10), DST753 (n = 1),
DST754 (n = 1), and DST838 (n = 1). A minor cluster of
FNS isolates belonged to CC11, including DST508 (n = 3)
and DST752 (n = 1). The remaining18 FNS isolates were
scattered among 11 different CCs or singletons. We found
similar genetic relationships with other azoles, but no correlation of genetically similar isolates with time or place, or
clustering of the cases in the hospital (Appendix Figure 1).

Results

Genetic Relationships of FNS C. tropicalis

Data Analysis

C. tropicalis Susceptibility

We compiled in vitro susceptibility profiles to 9 antifungal
drugs for 344 initial C. tropicalis blood isolates (Table 1).
We found 58 (16.9%) isolates that were either FS (48/344,
14.0%) or susceptible-dose-dependent (10/344, 2.9%). We
noted some differences in susceptibility to other azoles.
Two isolates were resistant to 3 echinocandins, and all were
susceptible to amphotericin B. Overall, only 1 isolate was
categorized as MDR to all tested azoles and echinocandins.
We also compiled annual FNS rates for all C. tropicalis isolates during 2011–2017 (Figure 1, panel A). Of
1670

We further evaluated the genetic relationships of 165 C.
tropicalis blood isolates from our cohort with 185 FNS
strains available in the MLST database. The minimum
spanning tree of the 350 isolates is composed largely of
CC3, CC10, and CC11 with high FNS rates (Figure 2) that
share 78.0% similarity on the basis of the UPGMA algorithm (Appendix Figure 2).
We also summarized the year of isolation, country
and city of origin, and clinical or environmental sites of
C. tropicalis CC3, CC10, and CC11, all of which were
reported from countries in Asia, most after 2011 (Appendix Table 2). CC3 again formed the largest cluster;
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Table 1. Comparison of antifungal susceptibility distribution of 344 Candida tropicalis blood isolates, Taiwan, 2011–2017*
Fluconazole-nonsusceptible isolates
Fluconazole-susceptible
Clonal complex 3,‡
Other clonal
Antifungal agents
Total, n = 344
isolates, n = 286
Total,† n = 58
n = 36
complexes,‡ n = 19
Fluconazole
MIC50
1
1
216
256
8
MIC90
32
2
512
512
128
Range
0.06–512
0.06–2
4–512
32–512
4–512
NS rates, no. (%)
58 (16.9)
0
58 (100)§
36 (100)
19 (100)
Itraconazole
MIC50
0.25
0.25
0.5
0.5
0.06
MIC90
0.5
0.25
1
1
1
Range
0.06–32
0.03–0.5
0.06–32
0.25–1
0.06–32
NWT rates, no. (%)
20 (5.8)
0
20 (34.5)§
18 (50)
2 (10.5)
Posaconazole
MIC50
0.25
0.25
0.5
0.5
0.5
MIC90
0.5
0.5
1
1
1
Range
0.06–16
0.004–0.5
0.06–16
0.25–2
0.06–16
NS rates, no. (%)
285 (82.9)
228 (79.7)
57 (98.3)§
36 (100)
18 (94.7)
Voriconazole
MIC50
0.12
0.12
4
8
0.5
MIC90
2
0.12
16
16
4
Range
0.004–16
0.004–0.25
0.25–16
1–16
0.25–16
NS rates, no. (%)
75 (21.8)
17 (5.9)
58 (100)§
36 (100)
19 (100)
Anidulafungin
MIC50
0.06
0.06
0.12
0.12
0.06
MIC90
0.12
0.12
0.12
0.12
0.12
Range
0.008–1
0.008–0.5
0.008–1
0.008–1
0.008–0.25
NS rates¶, no. (%)
2 (0.6)
1 (0.4)
1 (1.7)
1 (2.8)
0
Caspofungin
MIC50
0.06
0.06
0.06
0.06
0.06
MIC90
0.12
0.12
0.25
0.25
0.25
Range
0.015–8
0.015–2
0.015–8
0.015–8
0.015–0.25
NS rates¶, no. (%)
3 (0.9)
2 (0.7)
1 (1.7)
1 (2.8)
0
Micafungin
MIC50
0.03
0.03
0.03
0.03
0.03
MIC90
0.03
0.03
0.03
0.03
0.03
Range
0.015–2
0.004–1
0.015–2
0.015–2
0.015–0.03
NS rates¶, no. (%)
2 (0.6)
1 (0.4)
1 (1.7)
1 (2.8)
0
Amphotericin
MIC50
1
1
1
1
1
MIC90
1
1
1
1
1
Range
0.25–1
0.25–1
0.25–1
0.50–1
0.25–1
NWT rates, no. (%)
0
0
0
0
0
Flucytosine
MIC50
0.03
0.03
0.03
0.03
0.03
MIC90
0.06
0.06
0.12
0.03
0.50
Range
0.03–64
0.03–64
0.03–32
0.03–0.03
0.03–32
NWT rates, no. (%)
4 (1.2)
3 (1.0)
1 (1.7)
0
1 (5.3)
*MICs and ranges are reported in μg/mL. NS, nonsusceptible; NWT, non–wild-type.
†Of 58 fluconazole-nonsusceptible isolates, only 55 isolates were typable with subsequent assignment of clonal complex.
‡Details of CCs and corresponding MIC data are available in Appendix Table 1 (https://wwwnc.cdc.gov/EID/article/25/9/19-0520-App1.pdf).
§Comparison of antifungal NS rates between FS isolates (n = 256) and FNS isolates (n = 58) by χ2 tests, p<0.001.
¶The susceptibility discrepancy among 3 echinocandins may be attributed to significant variability in caspofungin susceptibility testing, which resulted in
false resistance reporting.

22 DSTs, including DST225, were isolated from the environment and hospitals in Taiwan. DST225 also was
isolated in hospitals in Beijing, China. DST375 and
DST505–7 were isolated in hospitals in Shanghai, China. CC10 was the second largest cluster with 12 DSTs
reported from Singapore and Nanchang, China, but we
did not find these in our study. CC11 with 5 DSTs was
reported from Singapore and China (Beijing, Shanghai,
and Nanchang). DST508 was isolated in the current
study in Taiwan and Beijing.

Clinical Characteristics and Outcomes of
Patients with C. tropicalis BSIs

Of the 58 patients in this study with FNS isolates, 32 (55.2%)
had no previous antifungal exposure (Table 2, Appendix Table 3). Nevertheless, multivariate logistic regression analysis
revealed that antifungal drug exposure was associated with
FNS infection (odds ratio [OR] 5.64, 95% CI 2.94–10.81;
p<0.001). Another risk factor for FNS infection was moderate
to severe liver disease (adjusted OR 3.13, 95% CI 1.06–9.24;
p = 0.04). We saw no statistically significant difference in
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Figure 1. Fluconazole nonsusceptiblity of Candida tropicalis blood isolates, Taiwan, 2011–2017. A) Proportions of fluconazole
nonsusceptibility among 344 C. tropicalis blood isolates by year. B) Distributions of fluconazole MICs among C. tropicalis blood isolates.

deaths or persistent candidemia between patients according to
the degree of fluconazole susceptibility of their isolates.
We divided the 165 initial blood isolates with known
DSTs into 3 groups, FNS CC3, FNS other CCs, and FS isolates (Appendix Table 4). Patients infected with FNS CC3
were more likely to have neutropenia, previous steroid use,
and chemotherapy by Fisher exact test with a Bonferroni adjustment; two thirds previously were exposed to antifungal

drugs. We saw no statistically significant difference in outcome among patients from the 3 groups.
Discussion
In our 7-year observational study in Taiwan, we found an
increasing trend over time in the emergence of fluconazoleresistant C. tropicalis isolates in blood. Over time, fluconazole
susceptible-dose-dependent C. tropicalis strains were replaced

Figure 2. Minimum spanning
tree of 350 C. tropicalis isolates
from multilocus sequence typing
(MLST) data. A) Minimum
spanning tree of 165 C. tropicalis
blood isolates from this study’s
cohort (Taiwan, 2011–2017) and
185 isolates with fluconazole
nonsusceptibility from the
central C. tropicalis MLST
global database (https://
pubmlst.org/ctropicalis). Each
circle corresponds to a diploid
sequence type (DST). The
size of the circle indicates the
number of the isolates belonging
to a specific DST and classified
as fluconazole resistant (red),
susceptible-dose-dependent
(yellow), or susceptible (white).
Lines between circles indicate
the similarity between profiles:
bold lines indicate 5 of 6 alleles
are identical, solid lines indicate
4 alleles are identical, and
dotted lines indicate ≤3 alleles
are similar. Shaded areas
indicate groups of target clonal
complexes (CCs). B) Enlarged
area of CC10 and CC11 (purple
shading). C) Enlarged area of
fluconazole-nonsusceptible CC3
(green shading). D) Enlarged area of fluconazole- susceptible CC3 (pink shading).
1672
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Table 2. Comparisons of clinical and microbiological characteristics between fluconazole-susceptible and fluconazole-nonsusceptible
Candida tropicalis bloodstream infections, Taiwan, 2011–2017*
With FS C. tropicalis With FNS C. tropicalis
Characteristic
Total, n = 344
BSIs, n = 286
BSIs, n = 58
p value
Demographics
Age, y, median (IQR)
62.8 (53.2–73.5)
62.4 (53.0–74.3)
63.4 (55.2–72.1)
0.85
Sex, no. (%)
0.54
M
201 (58.4)
165 (57.7)
36 (62.1)
F
143 (41.6)
121 (42.3)
22 (37.9)
Disease severity
ICU onset, no. (%)
105 (30.7)
85 (29.9)
20 (34.5)
0.49
APACHE II score, median (IQR)
20.0 (15.0–26.0)
20.0 (15.0–26.0)
19.0 (15.5–26.0)
0.85
Healthcare factors, no. (%)†
Solid organ transplant
4 (1.2)
3 (1.1)
1 (1.8)
0.52
Hematopoietic stem cell transplant
10 (2.9)
9 (3.2)
1 (1.8)
0.99
Major surgery
40 (11.6)
34 (11.9)
6 (10.3)
0.99
Parenteral hyperalimentation
189 (59.4)
155 (54.2)
34 (58.6)
0.54
Steroid use
170 (49.4)
133 (46.5)
37 (63.8)
0.02
Chemotherapy
153 (44.5)
123 (43.0)
30 (51.7)
0.22
Neutropenia
91 (26.8)
69 (24.5)
22 (38.6)
0.03
Mechanical ventilator
101 (29.4)
84 (29.4)
17 (29.3)
0.99
Indwelling urinary catheter
138 (40.1)
110 (38.5)
28 (48.3)
0.16
Central venous catheter
286 (83.1)
238 (83.2)
48 (82.8)
0.93
Antifungal exposure
60 (17.4)
34 (11.9)
26 (44.8)
<0.001
Antibiotics exposure
300 (87.7)
248 (87.3)
52 (89.7)
0.62
Therapeutic intervention, no. (%)‡
Early appropriate antifungal agents
261 (75.9)
243 (85.0)
18 (31.0)
<0.001
Fluconazole as the first antifungal agent
221 (64.2)
185 (64.7)
36 (62.1)
0.71
Early removal of central venous catheter
162/286 (56.6)
131/238 (55.0)
31/48 (64.6)
0.22
Clinical outcomes, no. (%)
Death
7d
73 (21.2)
60 (21.0)
13 (22.4)
0.81
14 d
117 (34.0)
99 (34.6)
18 (31.0)
0.60
28 d
167 (48.6)
141 (49.3)
26 (44.8)
0.53
In hospital
226 (65.7)
187 (65.4)
39 (67.2)
0.79
Persistence, no. (%)§
81 (27.7)
65 (26.6)
16 (33.3)
0.34

*Additional information on patient conditions and microbiological data can be found in Appendix Table 3 (https://wwwnc.cdc.gov/EID/article/25/9/19-0520App1.pdf). APACHE, Acute Physiology and Chronic Health Evaluation; BSIs, bloodstream infections; FNS, fluconazole nonsusceptible; FS, fluconazole
susceptible; ICU, intensive care unit; IQR, interquartile range.
†Major surgery refers to cardiovascular or abdominal surgery. Classes of antifungal exposure to azole or echinocandin, 31/3 in FS group vs. 24/2 in FNS
group; of note, 14 (24.1%) patients in the FNS group experienced breakthrough bloodstream infections, compared with 18 (6.3%) patients in the FS group
(p<0.001).
‡Early adequate antifungal agents refers to administration of the recommended dose of an intravenous antifungal agent within 48 h after first positive
blood culture collection for a susceptible Candida isolate, according to the Clinical and Laboratory Standards Institute (CLSI) species-specific breakpoints
(14). Early removal of central venous catheters is defined as removal of all similar devices, including tunneled and peripherally inserted central catheters,
within 48 h after obtaining the first positive blood culture.
§Persistence is defined as >5 days of blood cultures positive for the same Candida species.

by fully resistant strains. Many of the FNS isolate strains were
genetically closely related to each other and to strains from the
environment and other hospitals in Taiwan and other countries in Asia. We found a 6-fold increase in the risk for FNS
C. tropicalis infection in patients with prior exposure to antifungal drugs, but half of the FNS isolates we obtained were
from azole-naive patients. We saw no statistically significant
relationship of the cases to time and place and no clustering.
The drive of antifungal resistance is most commonly
attributed to antifungal selection pressure, especially in
human use (23). Our finding of an increased risk for C.
tropicalis BSIs in patients who received antifungal drugs
in the preceding 6 months supports this scenario. Furthermore, our study showed a high rate (14/26, 53.8%) of
breakthrough BSIs (receipt of antifungal drugs >2 days
before BSI onset) among FNS isolates from patients with
antifungal exposure. These breakthrough isolates showed

higher fluconazole MIC50 (256 μg/mL) than isolates with
only prior exposure to antifungal agents (32 μg/mL). This
result reflected higher antifungal selection pressure during
current antifungal use than with previous use only.
Alternatively, azole resistance in human fungal pathogens might develop through exposure to azole fungicides
in the environment. Our nationwide environmental surveillance and multicenter clinical study is concordant with
global concerns that azole resistance in A. fumigatus human
isolates, at least in part, resulted from resistant strains in the
environment and the use of azole fungicides in agricultures
(33,34). According to that study, annual consumption of 5
fungicide azoles in Taiwan increased 4-fold during 2003–
2016, indicating long-existing high fungicide burdens in
the environment in Taiwan during our study period (34).
Meanwhile, nationwide environmental surveys in
Taiwan isolated C. tropicalis DST225 from fruit (35) and
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from patients in different hospitals enrolled in the Taiwan
Surveillance of Antimicrobial Resistance of Yeasts (35).
DST225 isolates in that investigation showed cross resistance to fluconazole and triadimenol, an azole fungicide
(35). Given that DST225 and genetically related DSTs
were identified in clinical isolates obtained from azolenaive patients in our study and in a report from China (27),
along with high fungicide burden in Asia (36), we suggest
that patients could acquire FNS C. tropicalis from the environment in the community. FNS C. tropicalis without
time- and place-clustering in this study further excludes the
potential for cross-transmission in hospitals.
We propose the multifocal emergence of genetically
related FNS C. tropicalis strains in Taiwan and other countries in Asia (25–27) is a result of the selective pressure of
intense use of azole antifungal agents in humans and agriculture (34–36). Furthermore, human use promotes the
selection of resistant strains in patients already colonized
from environmental sources by susceptible-dose-dependent
or resistant genotypes of C. tropicalis. It is unclear whether
these strains arise independently or are spread by extensive
trade of agricultural products among these countries.
In our study, FNS isolates were not associated with
worse clinical and microbiological outcomes. This finding
was concordant with prior studies demonstrating no good
correlations between outcomes of patients with Candida
BSIs and fluconazole MIC or pharmacodynamics parameters, such as the area under the concentration-time curve
to MIC ratio (11,18,37).
The strength of this study is that it used a large cohort of C. tropicalis blood isolates collected over a 7-year
period and integrated with the C. tropicalis MLST central database and other published data through literature
review and to infer the genetic relationships of FNS C.
tropicalis globally (Appendix Table 2). However, this
study has several limitations. It was conducted in a single
hospital in Taiwan, and one should be cautious in making
generalizations because differences in nosocomial spread
might occur in other institutions. We likely underestimate
the proportion of FNS C. tropicalis in this cohort because
the study focused on isolates from blood and was limited
to the first episode of C. tropicalis BSI from each patient.
Furthermore, we did not define the mechanisms for development of resistance, which were previously examined
in China and Singapore. Other studies have shown that
ERG11 mutations combined with or without MDR1 overexpression produce high-level resistance to fluconazole
and other azoles in C. tropicalis isolates belonging to
CC3, CC10, and CC11, consisting of DST225 and genetically related DSTs (26,27).
In conclusion, FNS C. tropicalis clones appear to
have emerged in part due to use of azole antifungal agents
in agriculture, with cross-country expansion fostered by
1674

therapeutic use in hospitals. The concept that FNS C. tropicalis was acquired outside the hospital is supported by the
lack of evidence of nosocomial spread. These findings
emphasize the importance of active surveillance of FNS
C. tropicalis in agriculture, hospitals, and the community.
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Association of Enterovirus D68
with Acute Flaccid Myelitis,
Philadelphia, Pennsylvania,
USA, 2009–2018
Priyanka Uprety, Darcy Curtis, Michael Elkan, Jeffrey Fink, Ramakrishnan Rajagopalan,
Chunyu Zhao, Kyle Bittinger, Stephanie Mitchell, Erlinda R. Ulloa, Sarah Hopkins, Erin H. Graf

Acute flaccid myelitis (AFM) is a polio-like disease that results in paralysis in previously healthy persons. Although
the definitive cause of AFM remains unconfirmed, enterovirus D68 (EV-D68) is suspected based on 2014 data demonstrating an increase in AFM cases concomitant with an EVD68 outbreak. We examined the prevalence in children and
the molecular evolution of EV-D68 for 2009–2018 in Philadelphia, Pennsylvania, USA. We detected widespread EVD68 circulation in 2009, rare detections in 2010 and 2011,
and then biennial circulation, only in even years, during
2012–2018. Prevalence of EV-D68 significantly correlated
with AFM cases during this period. Finally, whole-genome
sequencing revealed early detection of the B1 clade in 2009
and continued evolution of the B3 clade from 2016 to 2018.
These data reinforce the need to improve surveillance programs for nonpolio enterovirus to identify possible AFM triggers and predict disease prevalence to better prepare for
future outbreaks.

A

large outbreak of enterovirus D68 (EV-D68) in children in the United States caught national attention during late summer and fall of 2014. That outbreak was characterized by severe lower respiratory tract disease resulting in
respiratory failure in many cases (1); a paralytic condition
occurred in a smaller subset of children (2). Previous reports
of invasive EV-D68 disease had been described across the
globe (3,4), but the magnitude of this 2014 outbreak with
regard to childhood illness was unprecedented. The Centers
for Disease Control and Prevention (CDC) called for national heightened awareness, particularly for rapid onset of
a traumatic limb weakness along with radiologic evidence
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K. Bittinger, S. Mitchell, E.R. Ulloa, S. Hopkins, E.H. Graf)
DOI: https://doi.org/10.3201/eid2509.190468
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of gray matter lesions, coined acute flaccid myelitis (AFM)
(2,5–7). A second period of EV-D68 circulation, again associated with severe respiratory disease, was described during
late summer and fall of 2016, although 2 studies suggest
lower levels of circulation during that period than in 2014
(8,9). Despite a documented spike in AFM in US children
during the fall of 2016 and 2018 (10), EV-D68 surveillance
data from this time are limited (11,12). In addition, little
is known about the circulation of EV-D68 and association
with AFM before 2014.
Although the definitive cause of AFM remains unknown, growing evidence (13,14) supports the association between EV-D68 and AFM. Epidemiologists have
found that similar temporal associations between the
2014 EV-D68 outbreak and AFM cases also occurred
in other countries (14). Hixon et al. found that paralysis
could be elicited in mice infected with EV-D68 strains
from the 2014 outbreak (15). As in children with AFM,
these EV-D68–infected mice had a loss of motor neurons
in the anterior horns of spinal cord segments corresponding to paralyzed limbs. Last, virus isolated from spinal
cords of infected mice transmitted disease when injected
into naive mice (15).
Despite the mounting evidence (13,14), the association
between EV-D68 and AFM remains controversial. The detection of EV-D68 primarily in respiratory specimens with
a concomitant lack of regular detection in cerebrospinal
fluid (CSF) (7,16) continues to cast doubt, even though
other neurotropic viruses (such as polioviruses) have similar detection patterns (14).
What remains to be shown for EV-D68 is whether its
genome has changed over time to enable increased neurotropism. Since the first description of the nonneuroinvasive EV-D68 prototype in 1962, different genetic clades
associated with neuroinvasion have been identified (15).
Whole-genome sequencing (WGS) of the 2014 epidemic
strains (dominated by clade B1) demonstrated a possible
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association between specific polymorphisms in EV-D68
and their overlap with other neurotropic and AFM-causing
enteroviruses, such as poliovirus or enteroviruses D70 and
A71 (16). These data suggest that the EV-D68 genome
has changed over time to enable neurotropism or possibly
increased virulence resulting in more widespread disease.
Given that most studies have been based on partial instead
of WGS, we also might be underestimating the number
of clinically important genetic mutations in EV-D68 that
drive increased infections with poor patient outcomes. Recognizing that longitudinal analyses of viral patterns and the
molecular evolution of EV-D68 by WGS are sparse, we
investigated the prevalence of EV-D68 in children in the
Children’s Hospital of Philadelphia (CHOP; Philadelphia,
PA, USA) during 2009–2018 in relationship to AFM cases.
We also investigated the phylogenetic relationships and genotypic features through WGS during this period to shed
light on relevant mutations from year to year.
Materials and Methods
Specimen Selection

Nasopharyngeal aspirate samples that tested positive for
rhinovirus/enterovirus (RV/EV) by laboratory-developed
real-time reverse transcription PCR (rRT-PCR) through
routine clinical diagnostic testing at CHOP were included
in this study. Specimens have been archived and stored
in multiple aliquots at –80°C since 2009. Based on data
from prior publications (8,9), we selected a subset (every
5th specimen) of RV/EV-positive samples from August 1
through November 30 of 2009–2018 for subsequent testing for EV-D68. In total, we tested 1,433 specimens across
the 10-year period for EV-D68. We further subjected a
smaller subset of those positive for EV-D68 (26 samples)
and residual EV-D68–positive cases of AFM (4 samples)
to shotgun metagenomic RNA sequencing. In addition to
these specimens, we also tested residual RV/EV-positive
nasopharyngeal aspirates from 12 children confirmed to
have AFM for EV-D68 by rRT-PCR. Detailed methods are
provided in the Appendix (https://wwwnc.cdc.gov/EID/
article/25/9/19-0468-App1.pdf). The Institutional Review
Board of CHOP approved this study (IRB 16-012987).
AFM Cases

We retrospectively identified AFM cases from 2009 to
initiation of CDC surveillance in 2014 through a search
of International Classification of Diseases, 9th Revision,
diagnosis codes in CHOP’s electronic health record system and a text search of spinal magnetic resonance imaging (MRI) reports (M.M. Cortese, CDC, pers. comm. 2019
Jan 14). A neurologist reviewed MRI images and clinical
information to identify cases meeting the 2014 CDC criteria for confirmed AFM. We identified cases from 2014

on prospectively. AFM cases were considered confirmed
if they met the CDC criteria of illness with the acute onset
of flaccid limb weakness and MRI demonstrating lesions
restricted to the gray matter of the spinal cord that span >1
vertebral segments.
Statistical Analyses

All statistical analyses were performed in GraphPad Prism
version 7.0 (GraphPad Software, San Diego, CA, USA).
These analyses comprised Spearman correlation and linear
regression analyses.
Results
Prevalence of EV-D68 and Association with AFM

We tested 1,433 respiratory specimens that were PCRpositive for RV/EV from August 1 through November 30
of 2009–2018 for EV-D68 by rRT-PCR. EV-D68 was detected in all years except 2013, 2015, and 2017 (Figure 1).
Detections in 2010 and 2011 were rare—3 samples were
positive in 2010 and 1 in 2011—and <4% of all RV/EVpositive samples tested those years were typed as EV-D68
(Figure 1, panel A). In contrast, >10% of RV/EV-positive
specimens typed as EV-D68 in 2009, 2012, 2014, 2016,
and 2018. The highest percentage occurred in 2016, when
27% of RV/EV-positive specimens (30/112 RV/EV-positive samples tested) were typed as EV-D68. In addition,
we observed a 19% (35/180 RV/EV-positive samples tested) prevalence of EV-D68 in 2009 and an 11% (12/107
RV/EV-positive samples tested) prevalence of EV-D68
in 2012. The circulation appears to follow a biennial pattern from 2012 to 2018; however, a 2-year gap occurred
in widespread circulation during 2009–2012, breaking this
every-other-year cycle.
AFM cases from CHOP identified during the same
10-year period showed a similar biennial pattern of presence/absence during 2012–2018 (Figure 1, panel A); the
highest number were identified in 2016. Two AFM cases
were identified in 2009 when EV-D68 circulation was high
and 1 in 2010 when circulation was low among the study
population, and no cases were identified in 2011. Because
the association between EV-D68 and AFM and subsequent
importance of respiratory specimen collection were not recognized until late 2014, respiratory samples were not routinely collected for investigation of AFM at CHOP before
2016. During 2009–2018, a total of 20 AFM cases were
identified. For 17 of these, respiratory specimens were collected at the time the child was brought to the hospital for
care, and 14 (82%) of respiratory specimens tested positive
for RV/EV (Figure 1, panel A). Twelve RV/EV-positive
respiratory specimens taken from children in whom AFM
was diagnosed had a residual sample for retrospective
EV-D68 testing. Ten (83%) of these tested positive for
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Figure 1. Association between AFM and EV-D68 prevalence, Philadelphia,
Pennsylvania, USA, 2009–2018. A) The percentage of nasopharyngeal
aspirate samples positive for RV/EV that typed as EV-D68 by real-time reverse
transcription PCR. B) Comparison of confirmed AFM cases with the prevalence
of EV-D68 during the same time period using Spearman correlation ρ and linear
regression analysis (n = 10). AFM, acute flaccid myelitis; EV-D68, enterovirus
D68; RV/EV, rhinovirus/enterovirus.

EV-D68, including 7 from 2016 (Figure 1, panel A). One
of the children who tested positive, from 2009, had a respiratory sample collected that tested positive for RV/EV, but
a residual sample was not available for retrospective analysis. However, a specimen collected 21 days later that also
tested positive for RV/EV was available for retrospective
EV-D68 typing. This sample was positive for RV/EV at a
crossing cycle threshold (Ct) of 42 and typed as EV-D68 at
a Ct of 38. The specimen collected when care was sought
had a Ct of 22 for RV/EV, suggesting the sample from 21
days later was not a new infection. The remaining 10 AFM
children who were not tested for EV-D68, or were negative, had either no infectious etiology identified (7 cases),
an RV/EV detected that was not typed (2 cases), or a nonD68 enterovirus identified (1 case).
The high prevalence of EV-D68 in 2016 coincided
with a high number of confirmed AFM cases at CHOP and
led us to question whether the association could be investigated further back. We compared the number of AFM
cases identified from August through November during
2009–2018 with the percentage of RV/EV-positive respiratory samples that typed as EV-D68 during the same period.
We found a significant positive linear correlation between
these 2 values over the decade sampled (Spearman ρ 0.93;
1678

p = 0.0005; Figure 1, panel B). This finding suggests a
strong association between circulation of EV-D68 and increases in AFM in children at CHOP.
Phylogenetic Analysis of EV-D68 WGS

To determine which clades were circulating in CHOP, we
performed metagenomic sequencing on a subset of EVD68–positive specimens collected during 2009–2018 from
children without AFM (26 specimens) and from children
with AFM (4 cases) for whom a residual sample was available. We were able to assemble complete polyprotein sequences from 28 of the 30 samples; 1 sample from 2009
and 1 from 2018 did not have sufficient EV-D68 genome
coverage and were excluded from the analysis.
Phylogenetic analysis showed that EV-D68 from the
study population in 2009 belonged to clade A (2 samples)
and clade C (4 samples); 1 sample belonged to clade B1
(Figure 2, no. 13785). The clade B1 sample from 2009
showed 99.8% pairwise identity with a clade B1 sample
from 2012 (Figure 2, no. 10549). By 2012, clade B1 was
more common (3 samples); 1 sample belonged to clade
A. As expected in 2014, all samples clustered in clade B1
but at a distinctly different lineage from the 2012 viruses
identified from the study population (Figure 2). The 2016
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Figure 2. Phylogenetic
relationships between
Philadelphia whole enterovirus
D68 (EV-D68) genomes,
including AFM cases,
Philadelphia, Pennsylvania,
USA, 2009–2018. EV-D68
polyprotein sequences from
GenBank (n = 55) and this
study (n = 28) were used to
build a maximum-likelihood
tree. EV-D68 clades, defined
in prior publications, are
indicated. Sequences from
this study are indicated in
bold, and AFM cases are
indicated with that prefix.
AFM, acute flaccid myelitis.
Scale bar indicates nucleotide
substitutions per site.
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samples clustered in clade B3, consistent with previous
observations (17). AFM cases were interspersed with
non-AFM cases from the same period. Phylogenetic analysis indicates that the 2016 clade B3 virus emerged from
a common ancestor shared between the 2012 and 2014
clade B1 viruses and did not evolve directly from a previously circulating virus. In 2018, the samples continued to
cluster in the B3 clade but formed a lineage distinct from
the 2016 samples.
Protein and Nucleotide Changes in the EV-D68
Genome Circulating in Philadelphia during 2009–2018

We compared amino acid (aa) substitutions across the
entire 2,190-aa polyprotein among the 28 whole EV-D68
genome sequences from our study. We observed 46 aa substitutions when we compared sequences across all years
(Appendix Figure, panel A), many of which were previously described when comparing 2014 clade B1 and 2016
clade B3 viruses circulating in New York state (Appendix
Table 1) (17). Not surprisingly, most of these (25 aa substitutions) were present in the viral capsid proteins, which
are the primary focus of host immune responses but are
also responsible for receptor binding and cell tropism (18).
Only 2 aa substitutions, both in the viral protein (VP) 1
protein, were different for most viruses circulating in Philadelphia in 2016 and 2018. All other amino acid positions
are largely conserved between 2016 and 2018 viruses. In
a prior publication, 6 aa residues were implicated for possible neurotropism because of conservation between other
neurotropic enteroviruses with different identities from
nonneurotropic enteroviruses as well as rhinoviruses (16).
These 6 residues (Appendix Table 1) were present in circulating 2014 viruses in our study. However, in 2016 and
2018, including the 4 AFM cases from CHOP that we were
able to subject to WGS from 2016, the aa in these 6 positions were the same as the dominant sequence in 2009. We
did not identify any conserved aa substitutions between sequences from the 2016 AFM cases that were not also conserved in other 2016 sequences from the CHOP population.
To investigate differences that might explain changes
in neurotropism, we compared aa substitutions between the
nonneurotropic Fermon strain and the CHOP sequences.
We found 37 aa substitutions between the prototype Fermon strain and all circulating strains in Philadelphia during
2009–2018 (Appendix Table 1; Appendix Figure 1, panel
A, bottom row). Twenty-six (70%) of these substitutions
were present in the structural region of the polyprotein,
VP4–VP1. To further investigate the potential significance
of these 37 substitutions, we analyzed the changes through
scoring as described by Grantham (19). A substitution at
position 1641, different from the 1962 strain but conserved
among all strains circulating in Philadelphia during 2009–
2018, appears to have the highest deleterious effect on the
1680

virus (Appendix Figure 1, panel B). This change, from
cysteine to tyrosine, falls in the 3C viral protease that is
responsible for cleaving the viral polyprotein. Other mutations with high scores include positions 379, 391, and 849,
which correspond to the VP3 (379 and 391) and VP1 (849)
capsid regions, respectively.
Like the structural proteins, the 5′ untranslated region
of enteroviruses is also implicated in cell tropism and neuropathogenesis because of differences in translational efficiency
(20). We saw little diversity in this region between years with
8 single-nucleotide polymorphisms between years and 1 nt
(620) that was deleted in all 2018 sequences but was not in
prior years (Appendix Table 2). A previously identified deletion that has been described in sequences from the United
Kingdom and Japan (21) was also observed in all 2014–2018
sequences and was found in 4 of 7 sequences from 2009 and
in 3 of 4 from 2012. As with the amino acid comparisons, we
found no genetic changes in the 5′ untranslated region of all 4
AFM cases that were not also conserved in other non-AFM
sequences from the same year. We identified 2 differences
between the prototype 1962 Fermon strain and all EV-D68
in our study. A single deletion at nt 29 was observed in the
Fermon strain, as well as a large deletion from nt 682–704
(Appendix Table 2) that previously was described in the same
study from the United Kingdom and Japan (21).
Discussion
In this 10-year longitudinal study, we showed that EVD68 circulated in a biennial pattern among children at a
hospital in Philadelphia, and circulation was widespread
in even years, except for a peak in 2009 and largely absent circulation in 2010–2011. AFM cases peaked during
the same years in the study population, and prevalence of
EV-D68 correlated significantly with the number of AFM
cases during the past decade. Half of the AFM cases were
associated with EV-D68 through retrospective detection in
archived respiratory samples, including a case from 2009
that would be the second earliest detection of an association between EV-D68 and AFM (22). For 10 EV-D68–
positive cases, no other infectious etiology was identified
despite extensive testing.
Genomic analysis revealed an interesting evolutionary
pattern of EV-D68 in the CHOP population. As we reported in this study, clades A and C dominated in 2009. However, we also identified a single specimen with clade B1
sequence, which slightly predates modeled estimates (16).
The evolution of lineages within a clade during 2012–2014
and again during 2016–2018 sharply contrasted with the
introduction of the new B3 clade from 2014 through 2016.
The 2016 clade B3 virus emerged from a common ancestor of the 2012–2014 clade B1 viruses rather than directly
evolving from them. It is possible this happened over time
from a minor population in Philadelphia. However, it is
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more likely that a new EV-D68 was introduced from a location outside the region, given that the B3 clade had been
reported in 2015 (23), predating the 2016 CHOP outbreak.
This finding has important implications about immunity
within Philadelphia because we might expect another clade
to emerge in 2020 based on this pattern.
US and worldwide circulation patterns of EV-D68 remain unclear. Like other enteroviruses, EV-D68 appears
to skip some years in certain locations, although the years
skipped are not universal across continents, even in the
same hemisphere. For example, despite a high prevalence of
EV-D68 even among adults in Europe in 2010 (3,4,21,24)
and in Thailand in 2010 and 2011 (25), it was nearly quiescent in the United States during that time. Surveillance
data from CDC indicate EV-D68 was the most commonly
detected enterovirus in 2009, with less frequent detection
in 2011 and almost complete absence in 2010 and 2012
(26). The peaks in 2012, 2014, and 2018 were consistent
with reports from other US pediatric institutions (11,12).
However, the increase we found in 2016, while consistent
with reports from the Netherlands (27), was greater than
that reported in 2 other studies of US children (8,9). Taken
together, these data suggest that local pockets of transmission can occur, leading to bias in surveillance programs
that rely on passive reporting or submission of specimens.
Despite mounting data, EV-D68–associated AFM remains controversial given that EV-D68 is rarely isolated
from CSF. Only a handful of cases have identified EV-D68
in the central nervous system, including 1 postmortem detection (13,22). In our study, we focused on respiratory
specimens because the respiratory tract is the most common
site of EV-D68 replication. Consistent with other studies
(16), enterovirus was not detected by standard-of-care PCR
in the CSF in the cohort of EV-D68-positive children with
AFM at CHOP. That being said, the cases of AFM positive
for EV-D68 we describe had no other infectious etiology
identified despite extensive testing.
Our study had several limitations, including small
sample size and failure to detect an infectious etiology in
9 AFM cases. Of these 9 children, 7 had no positive infectious testing (although 3 did not have a respiratory specimen
collected/tested) and 2 had a respiratory specimen positive
for RV/EV, but the type was not identified. It remains possible that these children were sampled too late, because earlier respiratory sampling (<1 week from symptom onset) is
associated with higher detection rates of EV-D68 (7).
Our study has several other important limitations. Archived specimens were tested after storage in –80°C for up
to almost a decade. Although it is unlikely that viral RNA
degraded during this time because these samples were not
thawed before use for this study, it remains possible that
EV-D68 detection rates could have been higher in prospectively tested specimens. With the exception of AFM

samples, there was selection bias to sequence specimens
with higher viral titers ensuring genome coverage. As a result, the clades observed might be misrepresentations for
each year. Although samples with weaker viral titers are unlikely to track with specific clades, it is possible. Finally, all
of the samples in this study were collected from a tertiarycare hospital serving a limited catchment area of 1 state,
making it difficult to extrapolate EV-D68 circulation patterns and strain diversity over broader geographic regions
of the United States.
The data presented here strengthen the association between EV-D68 infection and AFM. They also support the
need for continued surveillance for EV-D68 in the United
States and worldwide as the virus continues to circulate
perhaps biennially, with unique prevalence in geographic
pockets. Genomic analysis, particularly WGS, is also critical to clarify transmission, clade changes, and subsequent
implications for immunity. WGS is also important for the
association of specific genomic changes with the ability of
the virus to cause AFM, requiring experimental analysis of
mutations analogous to the extensive work done in poliovirus and enterovirus 71. Overall, these data reinforce the
need to improve EV-D68 surveillance programs as a means
of identifying possible AFM triggers that may lead to therapeutic interventions for this severe condition.
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To assess whether risk for Clostridioides difficile infection
(CDI) is higher among older adults with cancer, we conducted a retrospective cohort study with a nested case–control
analysis using population-based Surveillance, Epidemiology, and End Results–Medicare linked data for 2011. Among
93,566 Medicare beneficiaries, incident CDI and odds for
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acquiring CDI were higher among patients with than without
cancer. Specifically, risk was significantly higher for those
who had liquid tumors and higher for those who had recently diagnosed solid tumors and distant metastasis. These
findings were independent of prior healthcare-associated
exposure. This population-based assessment can be used
to identify targets for prevention of CDI.

H

ealthcare-associated infections are common and often
preventable infections that lead to high morbidity and
mortality rates (1). The bacterium Clostridioides difficile
(formerly Clostridium difficile) causes inflammation of
the colon, which commonly causes diarrhea. In the United
States, C. difficile infection (CDI) is the leading cause of
healthcare-associated infections (2).
Among the general population, the risk for CDI among
older adults (>65 years of age) is up to 26 times greater than
that among younger adults (2). The effects of this infection
are also worse for older persons. In 2015, CDI ranked as
the 18th leading cause of death for persons >65 years of
age (3). Although persons in this age group accounted for
only 48% of CDI cases, they accounted for ≈87% of deaths
from CDI (3,4).
For older adults, the risk for CDI may be amplified
even further by cancer or its treatment. Common factors
that influence risk for CDI in general are advanced age, diminished humoral immune response, healthcare-associated exposures, and extended receipt of antimicrobial drugs,
all of which are widely prevalent aspects of oncologic
and supportive care (5). In addition, exposure to certain
cytotoxic chemotherapeutic drugs has been postulated to
induce a loss of resistance to colonization with C. difficile,
although the mechanisms are unclear (6,7). Yet, the complex relationship between cancer in older adults and CDI
remains weakly characterized at the population level (8,9).
Our objective with this study was to determine whether the risk for CDI is higher among older adults with cancer
than among older adults without cancer. A population-level
assessment of cancer-specific incidence of CDI among older adults would not only increase our knowledge of the disease epidemiology in this specialized population but could
also guide primary prevention strategies, focusing on those
at greatest risk for development of this complication.
Methods
Study Design

This study was considered exempt research by the institutional review board of Memorial Sloan Kettering Cancer
Center (New York, New York, USA). Use of Surveillance,
Epidemiology, and End Results (SEER)–Medicare data for
this study was approved by the National Cancer Institute
(Bethesda, MD, USA).
1684

We conducted a retrospective cohort study with a nested case–control analysis and used population-based SEERMedicare–linked data to assess CDI occurrence in 2011.
The National Cancer Institute–sponsored SEER program
includes regions that cover ≈28% of the US population.
SEER registries include information about cancer site, initial treatments, and active follow-up for death. The SEERMedicare dataset links cancer registry files with Medicare
enrollment information and claims for Medicare beneficiaries with a diagnosis of cancer. Compared with the US
older adult population, the SEER-Medicare cohort has a
similar age and sex distribution, slightly higher proportion
of patients residing in urban and high-income areas, and
smaller proportion of nonwhite persons (10). We used the
random 5% sample of Medicare beneficiaries who reside in
SEER regions to identify non–cancer patients.
Study Participants

We included Medicare beneficiaries with and without a cancer diagnosis. For beneficiaries with cancer, we included those
with solid (breast, colon, lung, prostate, and head and neck
cancers) and liquid (lymphoma, myeloma, leukemia) tumors
diagnosed during 2006–2010. We required that participants
had been >66 years of age at the time of diagnosis to allow
for 1 year of claims to assess prior healthcare use and CDI
diagnoses. For inclusion in the non–cancer patient sample, we
required that Medicare beneficiaries had been >66 years of
age at the start of 2011 with no history of cancer.
All patients included in the cohort had to have been
hospitalized >1 time in 2011. We excluded those for whom
Medicare Parts A and B coverage during 2010–2011 was
incomplete and those who had a diagnosis of CDI in 2010
(the year before our study year).
Variables

CDI diagnoses were based on code 008.45 of the International Classification of Diseases, 9th Revision, on an inpatient claim. Because of a lack of dates for diagnosis codes on
inpatient claims, the admission date of the first claim with a
CDI diagnosis was used as the CDI date. We examined the
following patient characteristics: age, sex, race, geographic
region, urban/rural location, hospitalizations from the prior
year (within 12 months before the index date), and stays in a
skilled nursing facility from the prior year (within 12 months
before the index date). Cancer status was categorized as cancer versus no cancer, as solid versus liquid tumors, and by
individual disease types. For cancer patients, stage at diagnosis was categorized according to the SEER historic staging
variable: in situ, local/regional, or distant or unknown.
Cohort Analysis

We determined CDI incidence in 2011 for hospitalized
patients with and without cancer. Incidence was reported
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as the percentage of the cohort in whom CDI developed
during the study period. We also examined the overall proportion of patients with CDI and CDI incidence by patient
characteristics.
Nested Case–Control Analysis

We included all patients with a diagnosis of CDI in 2011
in the nested case–control analysis; the index date was defined as the date of first CDI diagnosis in 2011. We randomly selected 5 control participants for each case-patient,
matched by age (±1 year) at study start date (January 1,
2011) and sex. The index date for each control was the date
of CDI for the matched case-patient. Each matched control
must have had follow-up through at least the case-patient’s
index date with no occurrence of CDI from study start date
through index date. Case-patients could not be their own
controls, but a case-patient was eligible to be a control for
another case-patient if the criteria were met.
We compared the cancer status and other characteristics of the case-patients and controls. We used conditional
logistic regression models for individually matched casepatients and controls to obtain the odds of CDI among
those with a cancer diagnosis. We calculated adjusted
and unadjusted odds ratios (ORs) for CDI by tumor type,
stage at diagnosis, and year of diagnosis; the reference
group was non–cancer patients. The stage-specific model
was run for solid tumors with the following 3 SEER categories: in situ, locoregional, or distant versus no cancer
(reference group). Odds of CDI for patients with liquid tumors were not reported because liquid tumors are staged
as distant disease. Odds of CDI occurrence were also
calculated by prior hospitalizations and prior stays at a
skilled nursing facility. All conditional logistic regression
models included as covariates patient race, geographic
region, urban/rural location, cancer status, prior hospitalizations, and prior stays at a skilled nursing facility. For
the case–control analysis, we used stays within 12 months
before a patient’s index date to define prior hospitalizations and prior skilled nursing facility stays.
To examine associations among cancer patients who
were likely to actively receive treatment, we also repeated
the analysis for patients whose cancer was diagnosed during
2009–2010 only and those without a cancer diagnosis. We
used the same method to obtain new matched case-patients
and controls for this analysis. We considered p<0.05 to be
statistically significant. All analyses were conducted by using
SAS version 9.4 (SAS Institute Inc., https://www.sas.com).
Results
Cohort Analysis

For the 93,566 beneficiaries in the study cohort, 2.6% had
CDI during the study period. In unadjusted analyses, a

higher proportion of patients with cancer had CDI (2.8%)
than did patients without cancer (2.4%). The proportion
with CDI was higher among female patients and patients
living in the Northeast and metropolitan areas. When we
analyzed by 5-year age intervals, we found an incremental
increase in CDI risk, from 1.9% among patients 66–69 years
of age to 2.9% among patients >85 years of age (Table 1).
Nested Case–Control Analysis

For the 2,421 case-patients with CDI, we identified 12,105
matched controls. A higher proportion of case-patients
(54%) than controls (49%) had cancer. The distribution
of race was similar among case-patients and controls, but
distribution by geography differed slightly. Higher proportions of case-patients than controls had been hospitalized
multiple times before or had stayed in a skilled nursing facility (Table 2).
The odds of CDI developing were higher among cancer patients than non–cancer patients (adjusted OR 1.15,
95% CI 1.04–1.26; p = 0.005). When cancer was subdivided into solid and liquid tumor types, having a solid tumor
was not significantly associated with an increased risk for
CDI compared with having no cancer diagnosis (adjusted
OR 1.05, 95% CI 0.95–1.16); an underlying diagnosis of
a liquid tumor was significantly associated with increased
risk for CDI compared with no cancer diagnosis (adjusted
OR 1.74, 95% CI 1.48–2.06; p<0.001). When we restricted
the analysis to only patients who had received a cancer diagnosis within the past 2 years or no cancer diagnosis at
Table 1. Clostridioides difficile infection, by cohort characteristics,
in study of risk among older adults with cancer, United States
% Patients with
Characteristic
Total no.
C. difficile infection
Total
93,566
2.6
Cancer status
Cancer
47,323
2.8
No cancer
46,243
2.4
Age, y
66–69
12,001
1.9
70–74
20,691
2.4
75–79
20,155
2.6
80–84
18,651
2.8
>85
22,068
2.9
Sex
M
42,330
2.4
F
51,236
2.8
Race
White
77,831
2.6
Black
8,885
2.6
Other/unknown
6,850
2.2
Urban/rural
Metropolitan
76,808
2.8
Not metropolitan
16,703
1.8
US region
West
36,726
2.5
Midwest
12,086
3.0
South
24,980
2.0
Northeast
19,774
3.3
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Table 2. Characteristics of case-patients and controls in study of
Clostridioides difficile infection in older adults with cancer,
United States
% Total case% Total
patients,
controls,
Characteristic
n = 2,421
n = 12,105
Cancer diagnosis
No cancer
46
51
Solid tumor
43
43
Liquid tumor
12
7
Age, y*
66–69
10
10
70–74
20
21
75–79
21
21
80–84
22
22
>85
27
27
Sex*
M
41
41
F
59
59
Race
White
84
83
Black
10
9
Other/unknown
6
7
Urban/rural
Metropolitan
87
83
Not metropolitan
13
17
US region
West
38
40
Midwest
15
13
South
20
26
Northeast
27
21
Prior hospitalizations†
0
20
37
1
18
32
2
19
16
3
12
6
4
10
4
>5
22
5
Prior skilled nursing facility stay†
No
56
83
Yes
44
18

*Case-patients with Clostridioides difficile infection were matched to
controls without C. difficile infection, by age and sex.
†Stays within 12 mo before a patient’s index date were used to define prior
hospitalizations and prior skilled nursing facility stays.

all, we found that both solid and liquid tumor types were
significantly associated with increased odds of CDI compared with no cancer diagnosis (Tables 3, 4). Regardless
of a cancer diagnosis, >2 prior hospitalizations or a prior
stay at a skilled nursing facility were each associated with
increased odds of CDI occurrence (Table 3).
Findings from our adjusted stage-specific model demonstrated that the odds of CDI were higher for patients with
a solid tumor than for those with no cancer (Figure). Odds
of CDI were also higher for patients with solid cancer at an
unknown stage at diagnosis, although this finding probably
depends on the constructs of the historic staging variable in
SEER. Odds of CDI did not differ significantly for cancer
patients with in situ or local/regionalized solid tumors at
diagnosis, compared with non–cancer patients.
Discussion
The main findings of our study, derived from a population-based cohort of Medicare beneficiaries >65 years
of age, indicate that the risk for CDI is greater for older
adults undergoing treatment for cancer than for agematched controls. We show that much of this excess risk
is associated with the type of underlying cancer and advanced disease and remains independent of prior healthcare-associated exposure from inpatient and skilled
nursing facility stays. Risk was highest for patients with
hematologic malignancies. In comparison, for solid tumor patients, odds of developing CDI were higher only
for those with a recent cancer diagnosis and those with
distant metastasis at diagnosis.
Our findings collectively expand knowledge of how
cancer diagnosis affects CDI-associated illness among
older adults. Reports of CDI in the absence of exposure
to antimicrobial drugs has been well described for patients
receiving cytotoxic chemotherapy (11), plausibly related to

Table 3. Odds ratios of infection occurrence, nested case–control analysis in study of Clostridioides difficile infection in older adults
with cancer
Primary analysis: cancer patients and non–cancer patients*
Characteristic
Unadjusted OR (95% CI)
p value
Adjusted OR (95% CI)†
p value
Tumor type
None
1.00
1.00
Solid
1.13 (1.03–1.24)
0.01
1.05 (0.95–1.16)
0.32
Liquid
1.94 (1.67–2.26)
<0.001
1.74 (1.48–2.06)
<0.001
Prior hospitalizations
0
1.00
1.00
1
1.11 (0.96–1.28)
0.15
1.07 (0.93–1.23)
0.37
2
2.33 (2.02–2.69)
<0.001
1.83 (1.56–2.14)
<0.001
3
3.55 (2.99–4.20)
<0.001
2.68 (2.22–3.23)
<0.001
4
4.93 (4.09–5.96)
<0.001
3.49 (2.81–4.31)
<0.001
>5
8.63 (7.39–10.09)
<0.001
5.76 (4.74–6.99)
<0.001
Prior skilled nursing facility stay
No
1.00
1.00
Yes
3.93 (3.56–4.33)
<0.001
1.59 (1.39–1.82)
<0.001

*For cancer patients, diagnosis was made during 2006–2010. OR, odds ratio.
†Adjusted odds of C. difficile infection based on conditional logistic regression model. Adjusted for age, sex, race, geographic region, urban/rural location,
prior hospitalizations, and prior skilled nursing facility stays. Separate models were conducted for all patients with a cancer diagnosed 2006–2010 and
noncancer patients, and for recently diagnosed cancer patients (diagnosis 2009–2010) and non–cancer patients.
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Table 4. Adjusted odds ratios of Clostridioides difficile infection occurrence, nested case–control analysis
Subanalysis: recently diagnosed cancer patients and non–cancer patients*
Characteristic
Unadjusted OR (95% CI)
p value
Adjusted OR (95% CI)†
p value
Tumor type
None
1.00
1.00
Solid
1.36 (1.22–1.53)
0.01
1.24 (1.10–1.40)
<0.001
Liquid
2.22 (1.83–2.69)
<0.001
1.84 (1.49–2.26)
<0.001
Prior hospitalizations
0
1.00
1.00
1
1.13 (0.96–1.33)
0.13
1.07 (0.91–1.26)
0.40
2
2.28 (1.94–2.68)
<0.001
1.73 (1.44–2.08)
<0.001
3
3.17 (2.60–3.86)
<0.001
2.32 (1.86–2.88)
<0.001
4
4.31 (3.48–5.33)
<0.001
2.92 (2.29–3.72)
<0.001
>5
8.34 (7.00–9.94)
<0.001
5.25 (4.21–6.55)
<0.001
Prior skilled nursing facility stay
No
1.00
1.00
Yes
3.80 (3.40–4.24)
<0.001
1.64 (1.41–1.92)
<0.001

*For cancer patients, diagnosis was made during 2009–2010. OR, odds ratio.
†Adjusted odds of CDI based on conditional logistic regression model. Adjusted for age, sex, race, geographic region, urban/rural location, prior
hospitalizations, and prior skilled nursing facility stays. Separate models were conducted with all patients with a cancer diagnosis during 2006–2010 and
noncancer patients, and for recently diagnosed cancer patients (those diagnosed 2009–2010) and noncancer patients.

intestinal dysbiosis caused by these agents. In our study, the
occurrence of CDI seemed to be influenced by active oncologic therapy among patients with solid tumors, as suggested by the heightened risk at the time of new diagnosis,
when the intensity of treatment is expected to be greater.
Similarly, the CDI risk for patients with solid tumors was
also higher for those with distant site metastases at the time
of diagnosis, underscoring the complexities in management
of advanced cancers. We cannot determine from this study
whether these associations are driven by type of cancer
treatment, excessive use of antimicrobial drugs, or a consequence of immunologic and microbial perturbation associated with cancer treatment in persons of advanced age.

We were unable to quantify antecedent exposure to antimicrobial drugs, a major driver of CDI (12–15); the coexistence of several confounding factors makes this distinction
particularly challenging. When we made risk adjustments
for race, geographic region, type of healthcare facility, and
number of prior healthcare facility stays, the odds of CDI
in patients with liquid tumors were significantly higher.
Similar to previous studies of non–cancer populations, we
found an incremental increase in CDI risk with number of
hospitalizations; risk for those with >3 hospital stays was
3-fold higher (12,16).
Symptoms of primary and recurrent CDI can be particularly debilitating in persons with advanced age and
Figure. Adjusted (A) and
unadjusted (B) odds of CDI for
cancer patients with solid tumor
compared with non–cancer
patients. Stage is based on
Surveillance, Epidemiology, and
End Results historic staging
variable. aOR estimates were
generated from a logistic
regression model adjusted
for age, sex, race geographic
region, urban/rural location,
prior hospitalization, and prior
skilled nursing stay. Non–cancer
patients serve as the reference
group, indicated by the reference
line at 1.0. Error bars indicate
95% CIs. aOR, adjusted odds
ratio; CDI, Clostridioides difficile
infection; OR, odds ratio.
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are frequently associated with postinfectious irritable
bowel syndrome (5). In patients receiving concomitant
cancer therapy, CDI symptoms are often indistinguishable from the gastrointestinal side effects of chemotherapy, radiation, and newer immunotherapies (17). For
these complex reasons, CDI during cancer treatment can
lead to delays in future chemotherapy or radiation cycles
and have been shown to negatively affect eligibility for
curative treatment options (18). In addition, the estimated surplus healthcare-associated costs of primary CDI
in patients with advanced age is estimated to be around
US $37,000 and for patients with immunocompromising conditions US $16,000, almost 2-fold higher than
costs of CDI for patients without immunocompromising
conditions (19). The wide-ranging effects of CDI in this
population warrants assessment of primary prevention
strategies (20–22). Our study defines the subset of older
adults with cancer who would probably benefit the most
from such therapies to minimize the vulnerability to CDI
during cancer treatment.
The strength of our study is that it provides population-based quantitative estimates of the differential effects of CDI among older adults with and without cancer.
Despite the many advantages of the SEER-Medicare dataset, our study has limitations: we were able to measure
CDI-related disease burden only in the hospital setting,
and community-acquired (or community-onset) cases
were not included unless they resulted in a hospitalization. Although we excluded patients who received a CDI
diagnosis in 2010, case-patients do not necessarily represent those with primary infections. We used only the first
Medicare claim with a CDI diagnosis; outpatient diagnoses would be missed and recurrent disease could potentially be represented as incident CDI. In addition, we did
not measure relapsing CDI.
In summary, the burden of CDI among older adults
is greater among those with underlying cancer. Regardless
of prior healthcare-associated exposure, risk for CDI was
highest for patients with hematologic malignancy and those
with recent diagnosis of solid tumor or distant metastatic
disease at diagnosis. These findings can be used to guide
CDI prevention strategies.
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Whole-Genome Sequencing of
Salmonella Mississippi and
Typhimurium Definitive Type 160,
Australia and New Zealand
Laura Ford, Danielle Ingle, Kathryn Glass, Mark Veitch, Deborah A. Williamson,
Michelle Harlock, Joy Gregory, Russell Stafford, Nigel French, Samuel Bloomfield,
Zoe Grange, Mary Lou Conway, Martyn D. Kirk

We used phylogenomic and risk factor data on isolates of Salmonella enterica serovars Mississippi and Typhimurium definitive type 160 (DT160) collected from human, animal, and
environmental sources to elucidate their epidemiology and
disease reservoirs in Australia and New Zealand. Sequence
data suggested wild birds as a likely reservoir for DT160; animal and environmental sources varied more for Salmonella
Mississippi than for Salmonella Typhimurium. Australia and
New Zealand isolates sat in distinct clades for both serovars;
the median single-nucleotide polymorphism distance for
DT160 was 29 (range 8–66) and for Salmonella Mississippi,
619 (range 565–737). Phylogenomic data identified plausible
sources of human infection from wildlife and environmental
reservoirs and provided evidence supporting New Zealand–
acquired DT160 in a group of travelers returning to Australia. Wider use of real-time whole-genome sequencing in new
locations and for other serovars may identify sources and
routes of transmission, thereby aiding prevention and control.

N

ontyphoidal Salmonella enterica subsp. enterica
causes substantial illness and death throughout the
world (1,2). In Australia, rates of notified infection are
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higher than in other high-income countries (3). Preventing
infection by understanding sources and routes of transmission and controlling outbreaks rapidly is key to reducing
the rate of salmonellosis in Australia. Whole-genome sequencing (WGS) is increasingly being used as a tool to help
with prevention and control by investigating the relationship between isolates, sources of infection, and routes of
transmission (4). Evidence shows that WGS is useful in
foodborne nontyphoidal S. enterica outbreak detection and
control (5–7).
On mainland Australia (Figure 1), Salmonella Typhimurium is the most commonly notified nontyphoidal
S. enterica serovar. In contrast, Salmonella Mississippi is
the most commonly notified nontyphoidal S. enterica serovar infecting residents of the island state of Tasmania,
where 2.1% of the population of Australia resides (3,8).
Most persons with Salmonella Mississippi who are residents of mainland Australia have traveled to Tasmania or
one of several Pacific Islands to which Salmonella Mississippi was endemic during their exposure period (9,10). In
Tasmania, Salmonella Mississippi has been isolated from
wildlife, and some evidence indicates that human infections might result from environmental transmission more
frequently than from foodborne transmission (9,11). A
case–control study in Tasmania during 2001–2002 found
that case-patients were more likely than controls to have
had indirect contact with native birds, consumed untreated
drinking water, and traveled within the state (9), although
the sources of infection and vehicles of transmission are
still largely unknown.
Salmonella Typhimurium definitive type 160 (DT160)
has more recently emerged in Tasmania, while remaining
rare in the rest of the country. In 2008, ten years after its
emergence in humans in New Zealand, the first locally acquired case of DT160 was reported in Tasmania; unusual
sparrow (Passer domesticus) deaths were observed in the
same area in 2009, consistent with sparrow deaths in New
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Figure 1. Relative locations
of Australia, New Zealand,
and Vanuatu.

Zealand in 2000 (12–15). Since then, DT160 has affected
≈50 Tasmania residents and ≈3,000 New Zealand residents
and has been associated with wild bird deaths in both countries (16–18). Although a case–control study conducted
in 2001 in New Zealand suggested that handling of dead
wild birds, contact with persons with diarrheal illness, and
ingestion of fast food were associated with illness (12),
the relationship between the Tasmania and New Zealand
DT160 infections and the relationship between animal and
human isolates in Tasmania is unknown. Accordingly, we
aimed to use these 2 nontyphoidal S. enterica serovars as
case studies to investigate how epidemiologic and genomic
data can be integrated to better understand the geographic
niche and transmission pathways of these organisms to
subsequently improve prevention and control strategies.
Methods
Ethics Considerations and Data Sources

The Australian National University Human Research Ethics Committee (2016/269) granted ethics approval for this
project. We used data from the Australian National Notifiable Diseases Surveillance System (18) and the New Zealand Enteric Reference Laboratory (19) to examine trends
in Salmonella Mississippi and DT160 in Australia and New
Zealand. Population denominator data were obtained from
the Australian Bureau of Statistics (8) and Statistics New
Zealand (20). We used postcode of residence to determine
Australian state or territory. Travel information was not
available, so postcode might not represent place of acquisition for all notifications.
We collated epidemiologic data obtained through enhanced surveillance of cases of Salmonella Mississippi and

DT160 that were notified to the Department of Health and
Human Services in Tasmania, the Department of Health
and Human Services in Victoria, and Queensland Health.
Case-patients were interviewed at the time of notification
using a standardized questionnaire, and this information
was collected under each jurisdiction’s public health legislation. For human isolates for which sequence data were
available, we obtained the following case data fields from
these questionnaires: type of case (sporadic, household,
cluster, outbreak); hospitalization (yes/no); symptoms;
travel; close contact with farm animals, native animals,
birds, or pets (yes/no and type); lives on a rural property
(yes/no); bushwalking or camping (yes/no); water source
(public, private, or bottled); gardening (yes/no); swimming
(yes/no); other risk factors (free text). Data on risk factors
were collected for the week before illness onset.
Isolate Selection

For Salmonella Mississippi, we selected 34 human isolates from Tasmania residents and 28 human isolates
from residents of other states and territories in Australia
that were referred for characterization to the Microbiological Diagnostic Unit Public Health Laboratory (MDU
PHL) in Melbourne during January 1, 2011–December
31, 2015, for WGS (Appendix, https://wwwnc.cdc.gov/
EID/article/25/9/18-1811-App1.pdf). We also selected
all viable isolates with a recorded source from 42 animal
sources and 18 environmental sources in the MDU PHL
collection with an isolation date from January 1, 2000,
through December 31, 2016; these isolates were all from
Tasmania. For DT160, all viable isolates held in the MDU
PHL collection at the beginning of 2016 were included in
genomic analysis.
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Sequencing and Bioinformatics

MDU PHL performed DNA extraction and WGS for the
Australia isolates. Sequence libraries were prepared using NexteraXT and sequenced on the Illumina NextSeq500
platform (Illumina, https://www.illumina.com) with 150 bp
paired-end reads. Reads are available from the National Center for Biotechnology Information Sequence Read Archive
(PRJNA319593). Salmonella Typhimurium L2 (accession
no. NC003197 [https://www.ncbi.nlm.nih.gov/nuccore/
NC_003197.2]) was used as a reference for DT160, and
because complete genomes were not publicly available, we
used a local reference (AUSMDU00020775) for Salmonella
Mississippi by assembling 1 of the isolates in this analysis
(Appendix). We included 10 publicly available draft assemblies from 2011 through 2013 from New Zealand and the
United States (Appendix) in the Salmonella Mississippi analysis (21,22) and 106 publicly available DT160 genomes from
1992 through 2012 from humans, wild birds, poultry, and
bovine sources in New Zealand in the DT160 analysis (16).
Salmonella Mississippi and DT160 genomes were analyzed separately using Nullarbor version 2 (https://github.
com/tseemann/nullarbor). Short-read data of the isolates
were mapped to the reference using Snippy version 4.0dev2 (https://github.com/tseemann/snippy). The 10 publicly available Salmonella Mississippi draft assemblies were
also mapped to the Salmonella Mississippi reference using
Snippy , with the –ctgs parameter that enables mapping of
assembly contigs to a reference. A core genome alignment
was produced using Snippy-core (v4.0-dev 2), and the resulting full alignment was then filtered for recombination
using Gubbins (23) using the weighted Robinson-Foulds
method to estimate convergence with an initial 10 iterations. The resulting recombination-filtered core genome
alignment of 8,573 bases for Salmonella Mississippi and
2,203 bases for DT160 was then passed to RAxML version 8.2.11 (24) to infer maximum-likelihood (ML) phylogenetic trees, using the generalized time-reversible model
with a γ-distribution to model site-specific rate variation
and ascertain bias correction. For each analysis, we used

3 independent runs with 1,000 bootstrap pseudoreplicates
to assess branch support, with the phylogenetic trees with
the highest support across the 3 runs used as the final tree
for each analysis. The pairwise single-nucleotide polymorphism (SNP) distances between isolates were calculated
from the recombination-filtered core genome alignment using afa-pairwise.pl within Nullarbor. De novo genome assemblies were generated using SPAdes version 3.12.0 (25),
and the presence of known antimicrobial resistance genes
was investigated using ABRicate (https://github.com/tseemann/abricate) in conjunction with the genome assemblies
and the National Center for Biotechnology Information antimicrobial resistance database with a minimum coverage
of 90% and minimum identity of 90%.
Data Analysis

We collated epidemiologic and SNP data in Microsoft Excel 2013 (https://www.microsoft.com) and performed descriptive analyses in Stata SE 14 (https://www.stata.com).
We used sequence data to explore hypotheses about the
epidemiologic relatedness of isolates. We compared risk
factors between DT160 and Salmonella Mississippi cases
using a 2-sample test of proportions. Based on SNPs between isolates of each serovar with known epidemiologic
links (household or epidemiologic cluster), we considered
isolates within 8 SNPs of each other for DT160 and 10
SNPs of each other for Salmonella Mississippi a putative
phylogenetic cluster for further investigation.
Results
Salmonella Mississippi

During January 1, 2000–December 31, 2016, the median annual notification rate of Salmonella Mississippi in
Tasmania was 15 cases (range 12–24 cases) per 100,000
population, compared with a notification rate of 0.11 cases
(range 0.007–0.16 cases) per 100,000 population on mainland Australia and 0.3 cases (range 0.16–0.47 cases) per
100,000 population in New Zealand (Figure 2). In Australia,

Figure 2. Notification rates for Salmonella enterica serovar Mississippi, Tasmania (A) and mainland Australia and New Zealand (B),
2000–2016. Rates are per 100,000 population.
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934 (50.5%) of 1,851 notifications occurred in female patients. Children 0–4 years of age were the most frequently
notified age group (458 [24.7%]). Notification rates were
higher in warmer months, similar to those for other nonTyphimurium serovars (26).
For sequenced Salmonella Mississippi isolates, the ML
tree showed that the isolates from Vanuatu, United States,
and New Zealand were distinctly different from the Australia isolates (Figure 3); median SNP distance was 619 (range
565–737) between Australia and New Zealand isolates
(Appendix Figure 1) and 1,625 (range 963–1,923) between
Australia and Vanuatu or US isolates. An isolate from a
17-week-old mainland Australia resident with no history
of overseas travel grouped on the phylogenetic tree with
the isolates acquired in Vanuatu. Within the large Australia group, the 114 isolates were diverse; median SNP distance was 169 (range 3–649). Of these Australia isolates,
24 (21.1%) of 114 were within 10 SNPs of another isolate
and grouped into 8 phylogenetic clusters. The Australia human isolates grouped with Australia animal and environmental isolates over several years. We observed considerable genetic diversity between isolates from various animal
sources. For example, isolates from wombats were a median of 87 (range 44–97) SNPs apart, and isolates from bovines were a median of 140 (range 10–201) SNPs apart. We
did not detect any antimicrobial resistance genes in these

isolates, except for 1 human isolate from Tasmania that had
the blaTEM-1 gene, which mediates resistance to ampicillin.
Travel data were available for 51 (82%) of 62 of
case-patients in Australia residents for which an isolate
was sequenced. Of these, 6 (12%) reported international
travel to Vanuatu and 19 (37%) reported domestic travel
during their incubation period; 8 traveled from mainland
states to Tasmania, 9 traveled within Tasmania, 1 traveled
from Queensland to South Australia, and 1 traveled from
Victoria to Queensland. Three Tasmania isolates investigated as an epidemiologic cluster clustered genetically and
temporally with an isolate from Victoria, for which no epidemiologic data were available. Although 2 other phylogenetic clusters included >1 human isolate, epidemiologic
data were limited for these cases, and the infections were
not clustered in time. Although not statistically significant,
among case-patients who resided in or were known to have
acquired infection in Tasmania and answered risk factor
questions about exposures, a higher proportion of Salmonella Mississippi than DT160 case-patients reported drinking water from an untreated raw water source (i.e., tank,
spring, or bore) (61% vs. 40%; p = 0.1) and camping (8%
vs. 0%; p = 0.07) (Appendix Table 4). A similar proportion of DT160 and Salmonella Mississippi cases reported
bushwalking (8% vs. 7.5%; p = 0.94), gardening (16% vs.
22%; p = 0.56), and swimming (16% vs. 18%; p = 0.84)
Figure 3. Maximum-likelihood
phylogeny of 132 sequenced
Salmonella enterica serovar
Mississippi isolates from Australia
and New Zealand and reference
isolates, inferred from 8,573 core
single-nucleotide polymorphisms.
Nodes are labeled with isolation
year, isolate source if nonhuman
(all from Tasmania), and Australia
state of acquisition or residence if
human. Tree visualized with iTOL
(https://itol.embl.de) and midpoint
rooted. Scale bar indicates
nucleotide substitutions per site.
*State of residence was used
instead of state of acquisition
because no travel data were
available. †Investigated as part of
an epidemiologic cluster. A color
version of this figure is available
online (http://wwwnc.cdc.gov/EID/
article/25/9/18-1811-F3.htm).
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exposures. Of the 13 case-patients who resided in or acquired their infection in an Australia state other than Tasmania, 4 (31%) reported eating oysters during the exposure period, including 2 cases in a phylogenetic cluster;
however, not all case-patients were asked specifically
about oysters.
Salmonella Typhimurium DT160

A total of 61 DT160 cases in Australia residents were notified during 1999–2014. The 12 infections reported in Australia residents before 2008 were believed to be acquired
overseas, including cases on an Australia–New Zealand
cruise in 2003. Most Australia DT160 notifications had a
postcode of residence in Tasmania, where the median annual rate per 100,000 population of DT160 in the 9 years
from 1999 to 2007 was 0 cases and in the 7 years from
2008 to 2014 was 1.2, peaking at 2.8 in 2009, when 14
cases occurred. In New Zealand, the median annual rate
per 100,000 population of DT160 in the 9 years from 1999
to 2007 was 6, peaking at 20.4 in 2001, when 791 cases
occurred. In the 7 years from 2008 to 2014, the median
annual rate was 1.6 per 100,000 population (Figure 4). Of
all 61 Australia notifications during 1999–2014, a total of
34 (56%) occurred in females, and children aged 0–4 years
were the most frequently notified age group (14 [23%]).
Because of the small number of cases, we found no clear
seasonal pattern.
Of Australia isolates, we sequenced 62 human and 30
animal isolates (20 from sparrows). The ML tree of Australia and New Zealand isolates showed 2 distinct groups; 1
comprised isolates from humans and animals in Australia,
and 1 comprised humans and animals from New Zealand
and the 7 Australia residents who had reported travel to
New Zealand (Figure 5). The median pairwise SNP difference between the Australia and New Zealand groups
was 29 (range 8–66), and the median pairwise SNP difference within each group was 21 (Australia, range 2–56;
New Zealand, range 0–55) (Appendix Figure 4). Within
the Australia group, 45 (53%) of 85 isolates were within

8 SNPs of another isolate, and the isolates grouped into 8
phylogenetic clusters. Of these 8 phylogenetic clusters, 3
contained >2 isolates; isolates from humans and birds over
several years clustered. No known antimicrobial resistance
genes were detected among any of the isolates.
Epidemiologic risk factor data were available for 55
(90%) of the 61 DT160 cases in Australia residents from
the 62 sequenced human isolates (1 person contributed 2
isolates, 13 days and 7 SNPs apart). Of these 55 persons, 7
(12%) of 59 acquired their infection in New Zealand, 6 in
2003 on an Australia–New Zealand cruise, and 1 in 2009.
All others were residents of, or had traveled to, Tasmania,
except for 1 case-patient, who was a resident of New South
Wales and had no reported travel outside the state. Two
separate household clusters were investigated in 2012 and
were phylogenetically clustered. In 2015, five isolates were
investigated as part of an epidemiologic cluster; however,
no epidemiologic link was found, and they were subsequently found not to be phylogenetically clustered (median
SNPs 25.5, range 9–33). A higher proportion of DT160
case-patients than Salmonella Mississippi case-patients reported direct contact with wild or domestic animals (88%
vs. 68%; p = 0.04) (Appendix Table 4).
Discussion
Phylogenomics plays a valuable role in identifying plausible sources of Salmonella infection from wildlife and
environmental reservoirs. For both serovars considered
in this article, the integration of clinical and genomic data
enhanced existing evidence on source reservoirs by showing that human and animal or environmental isolates were
genetically interspersed. Phylogenomic analysis revealed
genetic diversity and persistence of Salmonella Mississippi
strains in the environment and animals, suggesting it is endemic with a broad range of host reservoirs in Tasmania
that is persisting over time. As in other countries (16,27–
29), genomic analysis provided evidence that wild birds
are a source of human infection with DT160. No characterized antimicrobial resistance genes were detected in any of

Figure 4. Salmonella enterica serovar Typhimurium definitive type 160 notification rate, Tasmania and mainland Australia (A) and New
Zealand (B), 1999–2014. Rates are per 100,000 population.
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Figure 5. Maximum-likelihood
phylogeny of 198 sequenced
Salmonella enterica serovar
Typhimurium definitive type
160 isolates from Australia
and New Zealand and
reference isolates, inferred
from 2,203 core singlenucleotide polymorphisms,
Australia and New Zealand.
Nodes are labeled with isolate
type and isolation year. All
Australian isolates are from
Tasmania unless specified
otherwise. Figure created
with iTOL (https://itol.embl.
de). Scale bar indicates
nucleotide substitutions per
site. *Specimens from the
same person. †Investigated
as part of an epidemiologic
cluster. ‡Acquired in New
South Wales. A color version
of this figure is available online
(http://wwwnc.cdc.gov/EID/
article/25/9/18-1811-F5.htm).

the DT160 draft genome sequences, suggesting low or no
antimicrobial resistance, consistent with other Salmonella
strains found in wild birds (30,31).
In contrast to Salmonella Mississippi, Salmonella Typhimurium DT160 isolates from Australia and New Zealand were similar, suggesting possible recent trans-Tasmania transmission of DT160 through wildlife, as well as its
potential to spread from Tasmania to the Australia mainland. Further, the inferred population structure of these
Australia strains provided evidence for this hypothesis of
import and subsequent microevolution within the Australia
strains. In New Zealand, DT160 has been transmitted between multiple hosts, and humans have been infected from
multiple sources (16). Other Salmonella serovars with wild
bird reservoirs have been transmitted to cattle, pigs, sheep,
and poultry (32). The incidence of human infection in Australia most likely would increase if DT160 were to become
established in local animal food sources.
Epidemiologic evidence that 88% of DT160 casepatients had direct animal contact and the close genetic
relatedness between Australia human and animal isolates
suggest that DT160 in Tasmania is predominantly a locally acquired zoonotic infection. Control measures should
therefore focus on promoting hand hygiene after contact
with wild birds and other animals, keeping food preparation and eating areas free from birds, treating drinking
water that is accessible to birds and other animals, and

appropriately cleaning and maintaining birdfeeders (32,33).
In addition to monitoring the effect of such measures, continued isolation, identification, and WGS of DT160 isolates
from humans, animals, and the environment could be used
to monitor emergence in other settings that pose particular
risks to the food supply and provide early warning of the
need for specific control measures.
Risk factors for Salmonella Mississippi are less evident,
although the proportion of case-patients who reported drinking water from a private source (61%) was similar to that of
an Australia case–control study of Salmonella Mississippi
(63% of case-patients vs. 23% of controls reported drinking
any untreated water; adjusted odds ratio 6.13, 95% CI 3.19–
11.76) (9). The range of animal and environmental sources
and the high genetic diversity make identifying control strategies difficult. Because genomic analyses of WGS data have
detected clusters when epidemiologic links are obscured (7),
prospective WGS of case isolates and integration of WGS
data from human, animal, and environmental isolates could
help to identify putative clusters for targeted epidemiologic
investigation. Source attribution studies might enable quantification of the contribution of raw water as a vehicle for
Salmonella Mississippi infection in Tasmania.
One limitation of this study is that our sampling frame
for sequencing and analysis might not have produced a
representative sample of all infections; however, we tried
to maximize variability of sources and isolation dates.

Emerging Infectious Diseases • www.cdc.gov/eid • Vol. 25, No. 9, September 2019

1695

RESEARCH

Although epidemiologic risk factor data were incomplete
for sequenced human cases, sufficient data were available
for us to generate hypotheses that could be further investigated. Our case–case method is not as robust as a case–
control study with a neutral control group, but we believe
it is a reasonable point of comparison, emphasizing the
difference in risk between these 2 serovars. Some more
recent Australia DT160 notifications might not have been
captured by the national notification system because phage
typing for Salmonella Typhimurium is being phased out
across Australia. However, we believe this omission would
be a small number because phage typing continued in most
of the country until 2016 (M. Valcanis, MDU PHL, pers.
comm., 2018 Oct 10). Without phage typing, and as the use
of WGS for Salmonella surveillance becomes more routine, it will be difficult to compare new isolates with historically phage-typed isolates that have not been sequenced.
We used SNP thresholds based on known epidemiologic clusters to define putative phylogenetic clusters and
to examine epidemiologic risk factors. Because SNPs depend on the reference genome and the isolates in the analysis, SNP thresholds for cluster analysis are likely to differ
according to context. Local references were unavailable for
both serovars in this study. We assembled a reference for
Salmonella Mississippi using an isolate in this study, and
the Salmonella Typhimurium isolate used was a median of
899 (range 883–921) SNPs from the DT160 isolates in our
study. A closer reference for DT160 might have provided
higher resolution of the relatedness of isolates. Few international Salmonella Mississippi genomes were publicly
available. Therefore, the relationship we found between
Australia and New Zealand isolates might not be representative of all Salmonella Mississippi isolates in these 2
countries. Although beyond the scope of this study, identifying the most recent common ancestor using Bayesian
phylogeographic analyses would improve our understanding of endemic strains such as Salmonella Mississippi and
the translocation of emerging strains such as DT160.
Wildlife can contribute to substantial rates of endemic
and epidemic infection from Salmonella. For these 2 Salmonella serovars with wild animal and environmental reservoirs in Australia and New Zealand, WGS combined with
epidemiologic risk factor data provided some evidence for
prevention and control efforts demonstrating the potential
benefits of using WGS for prospective Salmonella surveillance. Real-time sequencing of these strains could help monitor emergence and identify clusters, enabling epidemiologists to more accurately identify common risk factors and
aid in source attribution. Local references, publicly available
international genomes, phylogeographic analyses, additional
tools to define a WGS cluster, and source-assigned case–
control studies would improve our understanding of the epidemiology of these 2 Salmonella serovars in this region.
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Epidemiologic Shift in
Candidemia Driven by Candida
auris, South Africa, 2016–20171
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Candida auris is an invasive healthcare-associated fungal pathogen. Cases of candidemia, defined as illness in
patients with Candida cultured from blood, were detected
through national laboratory-based surveillance in South
Africa during 2016–2017. We identified viable isolates by
using mass spectrometry and sequencing. Among 6,669
cases (5,876 with species identification) from 269 hospitals,
794 (14%) were caused by C. auris. The incidence risk for
all candidemia at 133 hospitals was 83.8 (95% CI 81.2–
86.4) cases/100,000 admissions. Prior systemic antifungal
drug therapy was associated with a 40% increased adjusted
odds of C. auris fungemia compared with bloodstream infection caused by other Candida species (adjusted odds ratio 1.4 [95% CI 0.8–2.3]). The crude in-hospital case-fatality
ratio did not differ between Candida species and was 45%
for C. auris candidemia, compared with 43% for non–C. auris candidemia. C. auris has caused a major epidemiologic
shift in candidemia in South Africa.

S

ince 2009, when the first case of Candida auris infection was identified in South Africa, the number of laboratory-confirmed cases has increased exponentially (1).
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This multidrug-resistant fungal pathogen emerged worldwide, appearing almost simultaneously on 6 continents,
causing invasive disease and protracted healthcare-associated outbreaks (2–5). The reported crude case-fatality
ratio among patients with invasive C. auris infections is
high, although the attributable mortality rate has not been
determined (3,6). C. auris persists on surfaces, is transmitted among patients in the healthcare environment,
forms biofilms, and resists routinely used environmental
cleaning agents (7–10). Candida spp. are a common cause
of bloodstream infections and were responsible for 13%
(95% CI 6%–26%) of healthcare-associated bloodstream
infections according to a 2015 US point-prevalence survey (11). C. parapsilosis was the dominant species causing candidemia according to a national survey in South
Africa conducted during 2009–2010 (12). Patients at risk
for candidemia in general are the critically ill (especially
premature neonates) and those with serious underlying
illnesses (e.g., diabetes mellitus and hematologic malignancies), prior or prolonged exposure to broad-spectrum
antimicrobial drugs, and invasive medical and surgical
interventions (13). Previously described characteristics
associated with candidemia among adults in South Africa
included abdominal surgery, trauma, diabetes mellitus,
cancer, and HIV infection (14). C. auris is thought to occupy a similar niche in the healthcare environment as C.
parapsilosis because both organisms colonize human skin
and adhere to healthcare surfaces and devices. Clinical
risk factors for C. auris infection would be expected to
be similar to those for C. parapsilosis infection, but these
factors are largely reported from several small case series.
Risk factors for C. auris candidemia (compared with other species) among patients admitted to 27 intensive care
Preliminary results from this study were presented at the
Federation of Infectious Diseases Societies of Southern Africa
(FIDSSA) conference (oral abstract no. 8,382), November 9–11
2017, Cape Town, South Africa.
1

2

These authors contributed equally to this article.
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units in India included underlying respiratory disease,
vascular surgery, having a urinary catheter in situ, prior
antifungal drug exposure, and a low APACHE II score
at admission (6). In South Africa, most reported cases
of C. auris colonization or invasive disease occurred in
older patients (median age 60 years) (1) (R.E. Magobo,
National Institute for Communicable Diseases [NICD],
South Africa, pers. comm., 2019 Jul 1). To inform infection prevention and empiric antifungal treatment strategies, we used national surveillance data for South Africa
to estimate the total incidence risk for candidemia and the
proportion of candidemia cases caused by C. auris and
to determine factors associated with C. auris candidemia
compared with other Candida species,
Materials and Methods
Surveillance for Candidemia

From January 1, 2016, through December 31, 2017, we
conducted active national laboratory-based surveillance
for candidemia by using the NICD GERMS-SA surveillance platform. We requested that Candida species from
any episode of bloodstream infection, with an accompanying laboratory report (including basic patient demographic data), be submitted from all clinical microbiology
laboratories within the National Health Laboratory Service (NHLS), a national public-sector laboratory network,
and from all pathology laboratory practices in the private
sector. We have previously described the methods used
by private and NHLS laboratories for species identification (1). Isolates were sent to the NICD’s Mycology Reference Laboratory for confirmation of identification and
antifungal drug susceptibility testing. In addition, surveillance officers (nurses or pharmacists) collected basic
clinical and demographic data on standardized electronic
case report forms at 22 public-sector and 3 private-sector
enhanced surveillance sites, all of which were large acutecare hospitals. We did not collect sufficient data to define
severity of illness scores (e.g., APACHE II or McCabe
scores). We conducted retrospective audits to ensure
complete case ascertainment.
We extracted line list data from the laboratory information systems of NHLS and private laboratories, compared those data with reported cases, deduplicated the data
(by using patient name, surname, date of birth, hospital
number, and specimen collection date), and added missing cases to the surveillance database. For cases detected
by audit, we recorded the Candida species identification
reported by the reporting laboratory. In 2013, the estimated
number of beds in private-sector hospitals nationwide was
34,572, of which 45% were located in Gauteng Province,
the most economically active and densely populated province of South Africa (15).

Case Definitions

We defined a case of candidemia as illness in any patient
at a healthcare facility in South Africa who had Candida
species isolated from a blood culture specimen processed
by an NHLS or private-sector diagnostic laboratory. We
defined a confirmed case of C. auris candidemia as illness
in a patient with an isolate confirmed as C. auris at NICD,
regardless of the referring laboratory’s initial identification. We also included probable cases for which the referring laboratory identified C. auris or Candida haemulonii
but a viable isolate was not available for confirmation at
NICD. Multiple Candida isolates cultured within 30 days
of the first positive blood culture specimen were included
in a single case. We classified cases of candidemia into 2
groups on the basis of NICD identification (or the referring
laboratory’s identification if a viable isolate was not available): C. auris and non–C. auris candidemia.
Reference Laboratory Methods

Isolates were submitted to NICD on Dorset transport medium (Diagnostic Media Products, http://www.nhls.ac.za).
For viable isolates, species-level identification was confirmed by using matrix-assisted laser desorption/ionization
time-of-flight (MALDI-TOF) mass spectrometry (Bruker
Corporation, https://www.bruker.com). We amplified and
sequenced the internal transcribed spacer or D1/D2 region
of the ribosomal gene for isolates when MALDI-TOF mass
spectrometry did not yield a score >2.
Statistical Analyses

We calculated the overall incidence risk for candidemia for
hospitals for which admissions data were available, stratified by healthcare sector, by dividing the total number of
new cases of candidemia by the total number of hospital
admissions (i.e., number of persons at risk) in each sector
for the 2-year period. We also calculated healthcare facility incidence risk per hospital when admission denominator
data were available. We obtained admissions data by directly approaching private hospital groups and through the
GERMS-SA surveillance platform for public-sector hospitals. We used ArcGIS mapping software (https://www.esri.
com) to plot the location and number of C. auris candidemia cases at hospitals in Gauteng Province and used inverse distance-weighted interpolation to map hotspot hospitals, which we defined as those with >10 reported cases
of C. auris candidemia during the 2-year period.
We hypothesized a priori that systemic azole exposure
was associated with candidemia caused by C. auris rather
than other Candida species. Distinguishing cases of C. auris candidemia from those caused by other species is important to physicians choosing an empiric antifungal treatment regimen for suspected candidemia and to infection
prevention and control practitioners for rapid identification
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of cases requiring contact precautions. We used multivariable logistic regression to assess this association among patients admitted to 25 enhanced surveillance sites.
We compared proportions between groups by using a
χ2 or Fisher exact test. We compared medians by using a
Wilcoxon rank-sum test.
Ethics

NICD obtained annual approval for GERMS-SA laboratory-based surveillance from the human research ethics
committees of several universities in South Africa. Patients
from whom surveillance data were collected prospectively
through interview provided written informed consent.
Results
During the 2-year surveillance period, 6,669 cases of candidemia (6,629 first and 40 recurrent episodes) were detected
across South Africa at 103 public-sector and 166 privatesector hospitals (2,529 cases [38%] in the public sector,
4,140 cases [62%] in the private sector). Of the 6,669 cases, viable isolates were identified to species level at NICD
for 3,020 (45%) cases. Species identification was available
for a further 2,856 cases (2,842 from private laboratories,
14 from NHLS laboratories). Among 5,876 cases with a
species-level identification, 794 (14%) were caused by C.
auris and 5,082 (86%) by other Candida species (Figure

1). The most common Candida species in the non–C. auris group were C. parapsilosis (2,600 [44%]), C. albicans
(1,353 [23%]), C. glabrata (598 [10%]), C. tropicalis (140
[2%]), and C. krusei (98 [2%]). Twenty-nine cases had a
mixed episode of candidemia caused by C. auris and another Candida species (mostly C. parapsilosis [21 cases]).
The total incidence risk for candidemia (expressed as
cases/100,000 hospital admissions) at 115 private-sector
and 18 public-sector hospitals with available admissions
data was 71.2 (95% CI 68.6–73.8) in the private sector and
149.5 (95% CI 141.1–158.1) in the public sector, for a total
of 83.8 (95% CI 81.2–86.4]) (Table 1). Incidence risk for
C. auris was 13.6 (95% CI 12.4–14.8) in the private sector,
compared with 6.9 (95% CI 5.2–9.0) in the public sector;
incidence risk ratio was 1.96 (95% CI 1.4–2.6). Individual
healthcare facility incidence risk ranged from 2.6 to 375 for
C. parapsilosis, 1.3 to 221 for C. albicans, 0.9 to 154 for C.
auris, and 1.7 to 107 for C. glabrata.
We received 4,236 isolates from 70 NHLS laboratories
and 4 amalgamated private-sector pathology practices, and
we identified an additional 3,307 cases (with 3,373 corresponding isolates) by retrospective audits. Of the 400 confirmed viable C. auris isolates received, 258 (65%) had an
initial identification of C. auris.
Among 435 patients with C. auris candidemia for whom
data were available (including 9 patients with probable
Figure 1. Flowchart showing
numbers of candidemia cases
detected by national surveillance
and Candida species identified,
South Africa, 2016–2017.
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Table 1. Incidence risk for candidemia at a limited number of public- and private-sector hospitals with available admissions data, by
Candida species and healthcare sector, South Africa, 2016–2017*
No. cases
Incidence risk at 18
Incidence risk at 115
Incidence risk ratio,
at 133
Total incidence risk† public-sector hospitals† private-sector hospitals†
private sector:public
Candida species
hospitals
(95% CI)
(95% CI)
(95% CI)
sector (95% CI)
C. parapsilosis
1,657
32.98 (31.3–34.6)
27.98 (24.4–31.9)
33.94 (32.2–35.8)
1.21 (1.0–1.4)
C. albicans
735
14.63 (13.5–15.8)
34.55 (30.6–38.9)
10.82 (98.5–11.9)
0.31 (0.2–0.4)
C. auris
628
12.50 (11.5–13.6)
6.93 (5.2–9.0)
13.57 (12.4–14.8)
1.96 (1.4–2.6)
C. glabrata
352
7.01 (6.2–7.8)
12.13 (9.8–14.8)
6.02 (5.31–6.9)
0.50 (0.3–0.7)
Other
308
6.13 (5.4–6.9)
13.25 (10.8–16.1)
4.77 (4.1–5.5)
0.36 (0.2–0.5)
Total‡
4,209
83.78 (81.2–86.4)
149.46 (141.1–158.1)
71.20 (68.6–73.8)
0.48 (0.4–0.6)
*Admissions data were available for 115 private-sector hospitals (4,216,306 admissions) and 18 public-sector hospitals (807,600 admissions).
†No. cases/100,000 hospital admissions.
‡A total of 529 candidemia cases had no Candida species identified, and incidence risk for these are not displayed in the table. However, these case
numbers are included in the total number of candidemia cases and total incidence risk calculations.

C. auris infection), the median age was 54 years (interquartile range [IQR] 34–67 years), compared with a median of 27
years (IQR 0–57 years) among 4,050 patients with non–C.
auris candidemia (p<0.001) (Table 2; Figure 2). Neonates
comprised the largest proportion of patients with non–C.
auris candidemia (1,015/4,050; 25%), whereas only 20 cases (5%) in the C. auris group were in neonates (Table 2).
Of patients with C. auris, 61% (284/463) were male; 54%
(1,729/3,216) were male in the non–C. auris group.
Most (86%, 680/794) cases of C. auris candidemia were from hospitals in Gauteng Province and
88% (695/794) from private-sector facilities, compared
with 60% (3,549/5,875) in Gauteng Province and 59%
(3,445/5,875) from private-sector facilities among non–
C. auris cases. Cases of C. auris candidemia were diagnosed at 14 public-sector and 67 private-sector hospitals
(Figure 3), most of which are located in Gauteng Province
(Figure 4). Among these, 25 hospitals had >10 cases of C.
auris candidemia during the 2-year period (meeting our
definition of hotspot hospitals); the largest absolute number of cases was reported from a large private hospital
and another large academic teaching hospital. However,
incidence risk for C. auris candidemia was highest in a
smaller private-sector hospital (13 cases/8,431 admissions [154 cases/100,000 admissions]). Of the 20 hospitals with the highest incidence, 19 were private-sector facilities. Several small outbreaks occurred at these hotspot
hospitals, but in different wards within each hospital (data
not shown).
We collected clinical data for 2,067 patients at enhanced surveillance sites, including 535 patients whose
isolates were not identified at the species level. Most patients with C. auris bloodstream infections had received
prior (<14 days before diagnosis) systemic antimicrobial
drug therapy (77/94 [82%]), and 30/95 (32%) had received
prior systemic antifungal drug therapy. Of the 30 patients
with prior antifungal therapy, 16 had received azoles, 7
had received amphotericin B, and 13 had received echinocandins. Among 105 patients with C. auris candidemia
for whom clinical data were available, the median length

of hospitalization before onset of candidemia was 28 days
(IQR 15–46 days), compared with 12 days (IQR 5–23
days) among 1,852 patients with non–C. auris candidemia
(p<0.001). Approximately one third (32/105 [31%]) of
patients with C. auris candidemia spent >6 weeks in hospital before the first positive blood culture was obtained.
Seventy-seven (74%) patients with C. auris infection had
been hospitalized in the past year, and 110 (88%) patients
were admitted to an intensive care unit at some point during their current hospital stay. Eleven (26%) of 43 patients
with C. auris candidemia were HIV-seropositive, similar
to patients infected with other Candida species (251/972;
26%). The crude in-hospital case-fatality ratio did not differ
between Candida species and was 45% for C. auris candidemia, compared with 43% for non–C. auris candidemia
(p = 0.6) (C. albicans, 50%; C. parapsilosis, 32%; C. glabrata, 51%) (Table 2).
Prior systemic antifungal drug therapy was associated with 40% increased adjusted odds of C. auris fungemia; nevertheless, an effect ranging from a 20% decrease
to a 2.5-fold increase is also consistent with our data (adjusted odds ratio [aOR] 1.4 [95% CI 0.8–2.3]). A central venous catheter in situ also independently increased
the odds of C. auris infection 2-fold (aOR 1.8 [95% CI
1.05–3.01]). Admission to a private-sector facility increased the odds of C. auris candidemia 3-fold (aOR 2.7
[95% CI 1.5–4.7]). Older patients (aOR 1.01 [95% CI
1.01–1.03] for every year) with longer hospitalization
before the first positive blood culture (aOR 1.01 [95% CI
1.01–1.02] for every day admitted) were more likely to
have C. auris fungemia.
To understand whether inherent differences between
healthcare sectors influenced risk factors, we stratified
C. auris data by healthcare sector (Table 3). In the public sector, prior antifungal drug therapy (especially azole
therapy) was associated with 2-fold increased odds of C.
auris bloodstream infection (aOR 2.0 [95% CI 1.0–3.9];
p = 0.04) after adjustment for patient age, sex, length of
hospital stay, previous hospitalization, and presence of a
central venous catheter in situ.
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Table 2. Demographic and clinical characteristics of 6,669 patients with candidemia caused by Candida auris compared with other
Candida species, South Africa, 2016–2017*
Characteristics
All candidemia
C. auris
Non–C. auris
C. parapsilosis C. albicans
C. glabrata
No. case-patients
6,669
794
5,875
2,600
1,353
598
Systemic antifungal drug therapy 317/1,829 (17.3) 30/95 (31.6) 287/1,734 (16.6) 108/477 (22.6) 36/441 (8.2) 11/166 (6.6)
<14 d before positive culture†
Azole
219/317 (69.1)
16/30 (53.3)
203/287 (70.7)
72/108 (66.7) 30/36 (83.3)
9/11 (81.8)
Polyene/amphotericin B
38/317 (12)
7/30 (23.3)
31/287 (10.8)
12/108 (11.1)
5/36 (13.9)
0/11 (0)
Echinocandin
79/317 (24.9)
13/30 (43.3)
66/287 (23)
27/108 (25)
2/36 (5.6)
2/11 (18.2)
Age, y, median (IQR)
32 (0–58)
54 (34–67)
27 (0–57)
24 (0–58)
24 (0–56)
54 (32–67)
Sex
Men and boys
2,013/3,679
284/463
1,729/3,216
806/1474
533/978
232/444
(54.7)
(61.3)
(53.8)
(54.7)
(54.5)
(52.3)
Women and girls
1,666/3,679
179/463
1,487/3,216
668/1,474
445/978
212/444
(45.3)
(38.7)
(46.2)
(45.3)
(45.5)
(47.7)
Length of hospital stay, d median
32 (16–54)
55 (32–81)
31 (15–52)
40 (25–59)
24 (12–43)
22 (9–41)
(IQR)
Length of stay until first positive
13 (5–24)
28 (15–46)
12 (5–23)
16 (10–27)
10 (3–19)
6 (1–16)
blood culture, d, median (IQR)
Province
Gauteng
4,229/6,669
680/794
3,549/5,875
1,651/2,600
736/1,353
323/598
(63.4)
(85.6)
(60.4)
(63.5)
(54.4)
(54)
Other
2,440/ 6,669
114/794
2,326/5,875
949/2,600
617/1,353
275/598
(36.6)
(14.4)
(39.6)
(36.5)
(45.6)
(46)
Healthcare sector
Public
2,529/6,669
99/794
2,430/5,875
599/2,600 (23)
673/1,353
248/598
(37.9)
(12.5)
(41.4)
(49.7)
(41.5)
Private
4,140/6,669
695/794
3,445/5,875
2,001/2,600
680/1,353
350/598
(62.1)
(87.5)
(58.6)
(77)
(50.3)
(58.5)
Hospital admission in past 12 mo
1,428/1,967
77/104
1,351/1,863
378/529
341/486
126/174
(72.6)
(74)
(72.5)
(71.5)
(70.2)
(72.4)
Intensive care unit admission
1,579/2,167
110/125
1,469/2,042
502/606
377/539
133/190
(72.9)
(88)
(71.9)
(82.8)
(69.9)
(70)
Mechanical ventilation
611/1,818
44/91
567/1,727
175/476
129/440
57/165
(33.6)
(48.4)
(32.8)
(36.8)
(29.3)
(34.6)
Central venous catheter in situ
1,031/1,817
69/92
962/1,725
289/479
229/443
89/165
(56.7)
(75)
(55.8)
(60.3)
(51.7)
(53.9)
Systemic antimicrobial drug
1,292/1,830
77/94
1,215/1,736
349/481
284/441
105/164
therapy in 14 d before positive
(70.6)
(81.9)
(70)
(72.6)
(64.4)
(64.0)
culture
Crude in-hospital case-fatality
8,39/1,966
46/102
793/1,864
166/516
247/492
91/179
ratio
(42.7)
(45.1)
(42.5)
(32.2)
(50.2)
(50.8)
*Values are no. (%) except as indicated. The 3 most common Candida species in the non–C. auris group (C. parapsilosis, C. albicans, and C. glabrata)
are shown separately for comparison. For the purpose of this analysis, cases of candidemia with no final species identification were included in the non–
C. auris group. IQR, interquartile range.
†Patients could have received >1 class of antifungal drug therapy.

Discussion
In conducting this comprehensive national survey, we
found that C. auris caused >10% of all cases of candidemia
in South Africa and was the third most common Candida
species. The incidence of C. auris candidemia was highest
in private-sector hospitals in Gauteng Province. The crude
in-hospital case-fatality ratio did not differ between Candida species. Prior systemic antifungal drug therapy was
associated with increased adjusted odds of C. auris fungemia compared with candidemia caused by other species,
and this effect was stronger in public-sector hospitals.
C. auris has rapidly emerged as a major cause of candidemia in South Africa, surpassing the number of cases
caused by C. glabrata, C. tropicalis, and C. krusei over the
past 7 years. A clear shift has occurred in the epidemiology
observed from a previous national survey during 2009–
1702

2010 and a recent dramatic increase in the number of cases
of C. auris invasive infection and colonization nationwide
(1,12). We speculate that delayed clinician and laboratory
awareness might have led to undetected transmission of the
pathogen early in the epidemic (16).
The incidence of C. auris candidemia was highest in
hospitals in Gauteng Province and is partly attributable to
ongoing and recurrent clusters in these hospitals during
the surveillance period. We speculate that the epidemic
in South Africa might be centered in this area because
of a combination of complex and interdependent healthcare system and behavioral factors, including a highly
concentrated and mobile patient population; a large number of referrals and admission of patients with clinically
complex cases to hospitals in the region; indiscriminate use of antimicrobial agents, including azoles and
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Figure 2. Age distribution of
case-patients with candidemia
caused by Candida auris
compared with other Candida
species, South Africa, 2016–
2017. A) C. auris patient median
age was 54 years (interquartile
range 34–67 years); B) other
Candida species patient median
age was 27 years (interquartile
range 0–57 years).

echinocandins; and suboptimal infection prevention and
control practices. In addition, international travel to and
from Gauteng Province might also play a role, as suggested by recent case reports and outbreaks in other continents
caused by the South Africa clade of C. auris (5,17–20). In
the United States, 90% of clinical cases of C. auris occurred
in the New York metropolitan area, and most patients
had lengthy hospitalizations in facilities that had capacity for highly skilled nursing and mechanical ventilation
(21), suggesting that a large susceptible population of severely ill patients within a facility might provide a starting

point for an outbreak that is then amplified by transmission. Individual hospital outbreaks seemed to overlap in
Gauteng Province, suggesting that interfacility and intersectoral transmission of infections might have occurred;
however, we have not yet established epidemiologic links
among cases from different facilities. Whole-genome
sequencing to establish molecular links is under way to
more clearly characterize the epidemiology of C. auris
candidemia in South Africa.
Prior systemic antifungal drug use was associated
with C. auris candidemia, particularly in public-sector
Figure 3. Location and number
of 741 Candida auris candidemia
cases at 79 hospitals, including
7 hospitals with neonatal cases,
South Africa, 2016–2017.
Location data were missing for
53 cases.
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Figure 4. Cases of Candida auris candidemia (N = 557), by epidemiologic week, Gauteng Province, South Africa, 2016–2017. Date of
blood culture collection was missing for 123 cases.

hospitals. This finding is consistent with data from
similar studies and is probably related to selective
pressure by azoles (6). Almost all tested C. auris isolates from South Africa are resistant to fluconazole (2)
(T.G. Maphanga, NICD, pers. comm., 2018 Jul 27).
Fluconazole is commonly used as a first-line treatment option, especially in public-sector hospitals,
where access to echinocandin antifungal drugs is currently limited. The forthcoming 2019 guidelines for
treatment of C. auris in South Africa recommend
echinocandins as a first-line treatment for candidemia

and amphotericin B deoxycholate if echinocandins are
unavailable (22). In contrast to other Candida species,
such as C. parapsilosis, for which a substantial proportion of infections occur among the neonatal population,
C. auris occurs among older adults (12). In South Africa,
an outbreak among 6 neonates in a neonatal unit has been
documented (23), and several other small outbreaks have
occurred (N.P. Govender, unpub. data). To date, no neonatal cases have been reported from the United States or
Europe, although India, Colombia, and Venezuela have
reported cases (4–6,19,24,25). Whether this phenomenon

Table 3. Demographic and clinical characteristics of patients with Candida auris candidemia, by healthcare sector, South Africa,
2016–2017*
Public-sector
Private-sector
Characteristic
hospitals, n = 99
hospitals, n = 695
p value†
Age, y, median (IQR)
27 (2–42)
58 (44–70)
<0.001
Sex
0.64
Men and boys
63/99 (64)
221/364 (61)
NA
Women and girls
36/99 (36)
143/364 (39)
NA
Length of hospital stay, d, median (IQR)
49 (30–72)
68 (40–140)
0.03
Length of stay to first positive blood culture, d, median (IQR)
26 (13–42)
35 (16–58)
0.21
Hospital admission in past 12 mo
37/62 (60)
40/42 (95)
<0.001
Intensive care unit admission
54/68 (79.4)
56/57 (98.3)
0.001
Mechanical ventilation
21/52 (40)
23/39 (59)
0.09
Central venous catheter in situ
40/54 (74)
29/38 (76)
1.0
Total parenteral nutrition
22/52 (42)
15/38 (39)
0.83
Systemic antimicrobial drug therapy <14 d before positive culture
36/52 (69)
41/42 (98)
<0.001
Systemic antifungal drug therapy <14 d before positive culture‡
14/53 (26)
16/42 (38)
0.27
Azole
12/14 (85.7)
4/16 (25)
0.001
Polyene/amphotericin B
4/14 (28.6)
3/16 (18.8)
0.68
Echinocandin
0/14 (0)
13/16 (81.3)
<0.001
Crude in-hospital mortality ratio
22/59 (37)
24/43 (56)
0.07

*Values are no. (%) except as indicated. Age data were available for 435 patients, and data on sex were available for 428 patients. For the rest of the
variables, data were available for only a small proportion of patients from enhanced surveillance sites (total, N = 110; public sector, n = 67; private sector,
n = 43). IQR, interquartile range; NA, not applicable.
†Proportions were compared by using a χ2 or Fisher exact test; medians were compared by using the Wilcoxon rank-sum test.
‡Patients could have received >1 class of antifungal drug therapy.

1704

Emerging Infectious Diseases • www.cdc.gov/eid • Vol. 25, No. 9, September 2019

Epidemiologic Shift in Candidemia, South Africa

is attributable to inherent factors of the pathogen, environmental factors in neonatal units, or chance is still unclear. Nevertheless, we should be proactive to not let C.
auris establish a foothold in neonatal units in developing
countries as C. parapsilosis has done (12,26).
In the unique healthcare environment of South Africa, patients admitted to private-sector facilities were more
likely to have C. auris candidemia. We hypothesize that
this might be attributable to early undetected outbreaks in
this sector, inherent differences in the patient populations
admitted, or structural differences in the 2 healthcare sectors; more patients with C. auris candidemia at privatesector facilities were mechanically ventilated, had prior
hospitalization, and had prior systemic antimicrobial drug
therapy. Antimicrobial drug prescription behavior and
differences in antimicrobial drug stewardship practices,
including easier access to a broader range of antifungal
drugs, might also play a role. Last, ongoing outbreaks at
a few facilities might drive the higher case numbers in
the private healthcare sector. The presence of a central
venous catheter is a well-established risk factor for bloodstream infections (27). It is not surprising that central venous catheters were associated with C. auris candidemia
because the pathogen has been shown to form biofilms
and adhere to polymeric surfaces (8,10).
To address the continued transmission of C. auris in
health facilities in South Africa, C. auris has been identified as a priority pathogen for surveillance to monitor
emergence of antifungal drug resistance from all infection
sites. We have also adapted published laboratory methods for rapid identification of C. auris colonization in the
context of outbreak investigations (28). Local studies are
also being planned to investigate the efficacy of novel antifungal agents (29).
This study had several limitations. We analyzed data
for laboratory-confirmed candidemia only and did not include patients with other invasive Candida infections,
culture-negative sepsis, or colonization, which might underestimate the extent of the problem in South Africa.
However, 18%–22% of reported cases of C. auris infection in Europe and South Africa are bloodstream infections,
and 58% of clinical isolates in the United States are from
blood (1,19,30). In addition, 77% of cases of C. auris infection reported in the international literature are cases of
candidemia; therefore, our study provides a plausible representation of the epidemiology of C. auris, albeit just the
proverbial tip of the iceberg (3). The determination of incidence risk was based on data from a limited number of
hospitals with admissions data available, mostly from the
private sector. Therefore, we might have underestimated
the incidence risk in the public sector. The reference laboratory confirmed the species identification of bloodstream
isolates from only 45% of all detected cases of candidemia.

Most cases without a reference laboratory species identification (70%) were from the private sector and had been
detected retrospectively through audits. However, we believe that these national surveillance data still provide an
accurate representation of the actual distribution of C. auris
candidemia cases across sectors because most private laboratories used MALDI-TOF mass spectrometry methods to
confirm Candida species identification. For cases at enhanced surveillance sites, we were limited to the availability of secondary data collected through an established surveillance program; we were unable to assess the duration
of exposure to certain factors, such as parenteral nutrition
and type of prior antimicrobial drug exposure. In addition,
the linking of audit cases to reported cases was limited by
demographic data available; therefore, we might have included duplicate cases in our analysis. Misclassification error might have occurred, given that a proportion of isolates
did not have a species-level identification.
C. auris was the third most common cause of candidemia in South Africa and caused 14% of all cases during 2016–2017. Ongoing and recurrent micro-outbreaks
might have driven the larger epidemic centered in Gauteng
Province. Individual patient and healthcare risk factors
should be considered when managing patients with suspected candidemia. The use of molecular epidemiology
is needed to further characterize outbreaks in South Africa and better understand transmission dynamics of this
emerging pathogen.
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We describe the effects of the 7-valent (PCV7) and 13-valent (PCV13) pneumococcal conjugate vaccines on pneumococcal meningitis in England and Wales during July 1,
2000–June 30, 2016. Overall, 84,473 laboratory-confirmed
invasive pneumococcal disease cases, including 4,160
(4.9%) cases with meningitis, occurred. PCV7 implementation in 2006 did not lower overall pneumococcal meningitis incidence because of replacement with non–PCV7-type
meningitis incidence. Replacement with PCV13 in 2010,
however, led to a 48% reduction in pneumococcal meningitis incidence by 2015–16. The overall case-fatality rate
was 17.5%: 10.7% among patients <5 years of age, 17.3%
among patients 5–64 years of age, and 31.9% among patients >65 years of age. Serotype 8 was associated with
increased odds of death (adjusted odds ratio 2.9, 95% CI
1.8–4.7). In England and Wales, an effect on pneumococcal
meningitis was observed only after PCV13 implementation.
Further studies are needed to assess pneumococcal meningitis caused by the replacing serotypes.

S

treptococcus pneumoniae is a major cause of bacterial
meningitis across all age groups in the United Kingdom
and worldwide (1,2); the case-fatality rate (CFR) ranges
from 10% to 40% (2–4). Survivors of pneumococcal meningitis are more likely than survivors of other types of
bacterial meningitis to have neurologic and other serious
long-term sequelae (5,6); a meta-analysis indicated that
32% of pneumococcal meningitis patients experienced sequelae (7). The pathophysiologic mechanisms leading to
neurologic damage in patients with bacterial meningitis are
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complex and multifaceted, involving the secretion of potent bacterial toxins and excessive host immune responses
against the invading pneumococci in the cerebrospinal
fluid (8,9).
Before the introduction of the 7-valent pneumococcal
conjugate vaccine (PCV7), ≈500 confirmed pneumococcal
meningitis cases occurred annually in England and Wales
(2). The serotypes covered by PCV7 were responsible for
57% of all pneumococcal meningitis cases and 72% of cases in children <2 years of age; the CFR increased with age,
from 5% in children to 30% in older adults (10).
In September 2006, the United Kingdom introduced
PCV7 into the childhood immunization program; children were scheduled to receive the vaccine at 2, 4, and 12
months of age, and a 12-month catch-up program was established for children <2 years of age (11). The program
was associated with a rapid decline in invasive pneumococcal disease (IPD) caused by PCV7 serotypes, and although
some increase in IPD caused by non-PCV7 serotypes was
observed, IPD decreased overall by 36% compared with
pre-PCV7 levels through direct and indirect protection
(12). During the first 4 years of the program, a 34% reduction in pneumococcal meningitis incidence was observed
in children <5 years of age (13). However, this reduction
was almost entirely offset by an increase in meningitis
cases caused by non-PCV7 serotypes in older children and
adults. After PCV7 introduction, pneumococcal meningitis
was mainly caused by serotypes 1, 3, 7F, 19A, 22F, and
33F (14).
In April 2010, PCV7 was replaced with the 13-valent vaccine (PCV13), which led to a 32% reduction in
overall IPD incidence compared with pre-PCV7 levels
and a 56% reduction compared with pre-PCV13 levels
(14). The effect of PCV13 on pneumococcal meningitis
has not been assessed in the United Kingdom. Reports of
the effects of PCV7 and PCV13 on pneumococcal meningitis in other countries with established pneumococcal
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immunization programs have been variable; in some countries, significant reductions were reported after PCV7 introduction, and in other countries, no change or a decline
was reported only after PCV13 introduction (15–20).
Here, we describe the epidemiology of pneumococcal
meningitis in England and Wales over a 16-year period
encompassing the introduction of PCV7 and PCV13 into
the national immunization program.
Methods
Surveillance

Public Health England (PHE; London, England, UK) has
legal permission under Regulation 3 of the Health Service
(Control of Patient Information) Regulations 2002 (http://
www.legislation.gov.uk/uksi/2002/1438/regulation/3/
made) to conduct national surveillance of communicable
diseases. This regulation also provides PHE permission to
access information required to monitor the safety and effectiveness of vaccines.
PHE conducts surveillance for IPD and provides a
national reference service for serotyping pneumococcal
isolates in England and Wales (12). Staff of the National
Health Service laboratories electronically report invasive
bacterial infections to PHE by using the Second Generation
Surveillance System, which replaced LabBase2 in 2014,
and routinely submit all invasive pneumococcal isolates to
the PHE national reference laboratory for confirmation and
serotyping (12). PHE staff actively follow up on reported
cases when they do not receive an accompanying isolate.
Case ascertainment has remained consistently high, especially for meningitis cases; >90% of invasive pneumococcal isolates are submitted to PHE for serotyping (12). Starting in September 2006, IPD surveillance was enhanced by
the collection of 1-page surveillance questionnaires completed by the patient’s general practitioner; questionnaires
asked for information on patients’ vaccination histories,
underlying medical conditions, and outcomes.
Data Analysis

We exported anonymized (mainly descriptive) data to Stata
v.11.0 (https://www.stata.com) for analysis. We included
laboratory-confirmed cases of pneumococcal meningitis
diagnosed during July 1, 2000–June 30, 2016 (16 epidemiologic years). We defined meningitis as identification of
S. pneumoniae in cerebrospinal fluid or blood cultures of
patients with a clinical diagnosis of meningitis, as designated on their electronic report or sample submission form
sent to PHE. Excluding clinically diagnosed cases in which
S. pneumoniae was not confirmed in the cerebrospinal fluid
(25%–35% of all pneumococcal meningitis cases annually)
reduced the total number of meningitis cases available for
analysis without affecting the observed trends over time.

We identified fatal cases and dates of death through the patient demographic service and calculated the 30-day CFR.
We classified cases into 4 groups by serotype: PCV7
(serotypes 4, 6B, 9V, 14, 18C, 19F, 23F), additional PCV13
(serotypes 1, 3, 5, 6A, 7F, 19A), non-PCV13, and unknown
(typically resulting from lack of referral or unsuccessful recovery from culture after sample transport). We analyzed
cases as a whole and by patient age group (<5, 5–64, >65
years). We filled in missing age and serotype by assuming
that age and serotype distribution were the same on reports
with missing information as on reports for which these parameters were known. We obtained age-specific population denominators from the Office for National Statistics
(www.statistics.gov.uk) and compared the adjusted annual
incidence rates for pneumococcal meningitis in epidemiologic year 2015–16 with rates for the pre-PCV7 (July 1,
2000–June 30, 2006) and pre-PCV13 (July 1, 2008–June
30, 2010) periods by age and serotype group, assuming a
Poisson distribution.
For cases diagnosed during the PCV13 period (July
1, 2011–June 30, 2016), we used multivariable logistic regression to calculate the odds of meningitis (vs. nonmeningitis) for individual serotypes (vs. all other serotypes) after
adjusting for age group and surveillance year. We also used
multivariable logistic regression to calculate the odds of
death by clinical presentation (meningitis vs. nonmeningitis) after adjusting for age group and surveillance year. For
meningitis cases, we used multivariable logistic regression
to assess the odds of death by age group, serotype group,
individual serotype (vs. all other serotypes), and surveillance year after adjusting for age group and surveillance
year. Because of multiple comparisons, we considered
p<0.01 to be significant. We estimated the cases prevented
according to age group by determining the difference between the expected (average corrected number of cases in
absence of vaccination) and observed numbers of cases after the introduction of each vaccine.
Results
During the 16-year surveillance period, 84,473 laboratory-confirmed IPD cases occurred across all age groups;
4,160 (4.9%) cases were meningitis and 80,313 (95.1%)
were nonmeningitis. Of the 4,108 meningitis cases with
age reported, 1,611 (39.2%) were in children <5 years of
age, 1,729 (42.1%) in persons 5–64 years of age, and 768
(18.7%) in adults >65 years of age. Of the 79,620 nonmeningitis cases with age reported, 8,324 (10.5%) were in children <5 years of age, 32,297 (40.6%) in persons 5–64 years
of age, and 38,999 (48.9%) in adults >65 years of age.
Before PCV7 introduction, the mean annual incidence
of pneumococcal meningitis was 0.55 cases/100,000 person-years (Table 1). The childhood PCV7 program had
no effect on the overall annual incidence of pneumococcal
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Table 1. Cases, incidence, and age-adjusted IRRs for pneumococcal meningitis and nonmeningitis cases by age group, serotype
group, and period, England and Wales, July 1, 2000–June 30, 2016*
July 1, 2015–
Pre-PCV13 period, July 1, 2008–
Pre-PCV7 period, July 1, 2000–
June 30, 2016
June 30, 2010
June 30, 2006
Incidence,
Incidence,
Incidence,
No.
cases/
No.
cases/
No.
cases/
corrected 100,000
corrected 100,000
corrected 100,000
(raw)
person(raw)
person(raw)
personCase type, age group,
IRR (95% CI)
IRR (95% CI)
and serotype group
cases†
years
cases†
years
vs. 2015–16
cases†
years
vs. 2015–16
Meningitis
<5 y
All serotypes
41 (44)
1.22
105 (104)
3.10
0.39 (0.25–0.63)
138 (122)
4.08
0.30 (0.19–0.46)
PCV7
1 (1)
0.03
10 (10)
0.29
0.10 (0.01–1.84)
102 (76)
3.02
0.01 (0–0.16)
Additional PCV13
3 (3)
0.09
53 (51)
1.56
0.06 (0.01–0.29)
18 (14)
0.54
0.16 (0.03–0.85)
Non-PCV13
37 (38)
1.10
42 (41)
1.25
0.89 (0.51–1.56)
18 (13)
0.52
2.12 (1.22–3.75)
5–64 y
All serotypes
96 (98)
0.22
155 (155)
0.36
0.62 (0.44–0.86)
117 (110)
0.27
0.82 (0.60–1.11)
PCV7
2 (2)
0.00
28 (27)
0.07
0.07 (0.01–0.56)
54 (39)
0.13
0.04 (0.01–0.29)
Additional PCV13
14 (13)
0.03
51 (47)
0.12
0.27 (0.11–0.62)
22 (16)
0.05
0.62 (0.26–1.39)
Non-PCV13
80 (77)
0.19
76 (71)
0.18
1.06 (0.71–1.58)
41 (29)
0.10
1.95 (1.31–2.86)
>65 y
All serotypes
24 (28)
0.27
52 (52)
0.59
0.46 (0.25–0.85)
53 (49)
0.60
0.45 (0.26–0.80)
PCV7
0 (0)
0
8 (8)
0.09
0 (0–0.52)
23 (17)
0.26
0 (0–0.17)
Additional PCV13
2 (2)
0.02
11 (10)
0.12
0.19 (0.02–1.57)
10 (7)
0.11
0.20 (0.02–1.55)
Non-PCV13
22 (22)
0.25
33 (32)
0.37
0.67 (0.33–1.34)
20 (15)
0.22
1.11 (0.56–2.18)
All ages
All serotypes
162 (170)
0.29
311 (310)
0.56
0.51 (0.40–0.66)
301 (288)
0.55
0.52 (0.41–0.65)
PCV7
3 (3)
0.01
46 (44)
0.08
0.07 (0.01–0.35)
176 (133)
0.32
0.02 (0–0.09)
Additional PCV13
18 (18)
0.03
114 (108)
0.21
0.16 (0.08–0.32)
49 (38)
0.09
0.36 (0.18–0.72)
Non-PCV13
141 (137)
0.25
151 (143)
0.27
0.92 (0.69–1.25)
77 (58)
0.14
1.77 (1.33–2.36)
Nonmeningitis
<5 y
All serotypes
241 (257)
7.12
345 (341)
10.19
0.70 (0.57–0.86)
666 (592)
19.67
0.36 (0.30–0.44)
PCV7
5 (5)
0.15
25 (23)
0.74
0.21 (0.05–0.79)
479 (310)
14.17
0.01 (0–0.04)
Additional PCV13
30 (29)
0.89
217 (199)
6.40
0.14 (0.08–0.24)
112 (73)
3.30
0.27 (0.15–0.46)
Non-PCV13
206 (198)
6.08
103 (95)
3.05
2.00 (1.50–2.66)
75 (49)
2.20
2.76 (2.11–3.57)
5–64 y
All serotypes
2,333
5.44
2,385
5.56
0.98 (0.91–1.05)
2,141
4.99
1.09 (1.01–1.16)
(2,387)
(2,377)
(2,028)
PCV7
57 (55)
0.13
313 (274)
0.73
0.18 (0.12–0.28)
865 (465)
2.02
0.07 (0.04–0.10)
Additional PCV13 375 (359)
0.87
1,163
2.71
0.32 (0.27–0.38)
651 (366)
1.52
0.57 (0.46–0.64)
(1,022)
Non-PCV13
1,901
4.43
909 (799)
2.12
2.09 (1.90–2.30)
625 (355)
1.46
3.04 (2.74–3.30)
(1,820)
>65 y
All serotypes
2,442
27.29
2,417
27.01
1.01 (0.94–1.08)
2,820
31.51
0.87 (0.82–0.92)
(2,818)
(2,391)
(2,601)
PCV7
49 (53)
0.55
402 (351)
4.49
0.12 (0.08–0.18)
1,466
16.39
0.03 (0.02–0.05)
(775)
Additional PCV13 422 (455)
4.71
913 (803)
10.20
0.46 (0.40–0.53)
574 (318)
6.42
0.73 (0.61–0.82)
Non-PCV13
1,971
22.03
1,103
12.32
1.79 (1.63–1.95)
779 (411)
8.70
2.53 (2.34–2.77)
(2,127)
(970)
All ages
All serotypes
5,217
9.44
5,135
9.30
0.98 (0.93–1.02)
5,563
10.07
0.89 (0.85–0.93)
(5,467)
(5,116)
(5,321)
PCV7
115 (113)
0.21
735 (648)
1.33
0.15 (0.11–0.20)
2,813
5.09
0.04 (0.03–0.05)
(1,571)
Additional PCV13 862 (844)
1.56
2,290
4.15
0.36 (0.33–0.41)
1,311
2.37
0.60 (0.53–0.66)
(2,026)
(767)
Non-PCV13
4,239
7.67
2,109
3.82
1.92 (1.80–2.05)
1,439
2.61
2.75 (2.59–2.92)
(4,148)
(1,866)
(804)

*PCV7 refers to serotypes 4, 6B, 9V, 14, 18C, 19F, and 23F, and additional PCV13 refers to serotypes 1, 3, 5, 6A, 7F, and 19A. Non-PCV13 refers to all
other serotypes. IRR, incident rate ratio; PCV7, 7-valent pneumococcal conjugate vaccine; PCV13, 13-valent pneumococcal conjugate vaccine.
†Raw numbers of cases for each year were corrected for missing serotype and age with the assumption that cases with missing data for age, serotype, or
both had the same age and serotype distributions as those cases in which this information was known—the number of extra cases were then added to the
raw numbers in each category; cases were also corrected for annual changes in population denominators in each age group (13).
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meningitis (pre-PCV13 period 0.56 cases/100,000 personyears) because the decline in PCV7-type meningitis was
offset by substantial increases in cases caused by other serotypes (Table 1; Figure 1). PCV7 replacement with PCV13
in April 2010, however, led to a 48% (95% CI 38%–62%)
reduction in pneumococcal meningitis incidence by 2015–
16. During the PCV13 period, meningitis cases caused by
PCV7 and PCV13 serotypes continued to decline, and cases associated with non-PCV13 serotypes remained static.
These findings are in contrast with those regarding nonmeningitis IPD cases, in which reductions were observed
across all age groups but were offset by increases in cases
caused by nonvaccine serotypes after the introduction of
PCV7 and PCV13 (Table 1). The serotypes responsible for
meningitis varied among the pre-PCV7, pre-PCV13, and
PCV13 periods (Figure 2).
Although meningitis cases were ≈20 times less common than nonmeningitis cases during the 16-year period,
the contribution of individual serotypes to these 2 clinical
presentations was similar (Figure 3). During the PCV13
period, after adjusting for age and year of diagnosis, odds
of causing meningitis were higher for only serotypes 10A,
22F, 23B, and 35B and lower for serotypes 1, 8, and 19A
(Table 2).
Cases in Patients <5 Years of Age

Pneumococcal meningitis cases in children increased from
birth and peaked at 5 months of age, before gradually declining (Figure 4). For patients <5 years of age, PCV7 serotypes
contributed to 73.9% (102/138), additional PCV13 to 13.0%
(18/138), and non-PCV13 to 13.0% (18/138) of pneumococcal meningitis cases during the pre-PCV7 period (Table
1). After PCV7 introduction, pneumococcal meningitis incidence fell from 4.08 cases/100,000 person-years to 3.10
cases/100,000 person-years in the pre-PCV13 period (Table
1). The rapid decline in PCV7-type meningitis (3.02 cases/100,000 person-years [pre-PCV7] to 0.29 cases/100,000
person-years [pre-PCV13]) was offset by an ≈3-fold increase in PCV13-type disease incidence (0.54 cases/100,000
person-years to 1.56 cases/100,000 person-years), nearly all
caused by serotypes 7F (4 cases/year to 26 cases/year), 19A
(3 cases/year to 15 cases/year), and 1 (2 cases/year to7 cases/
year). In this age group, the incidence of non-PCV13 meningitis also increased from 0.52 cases/100,000 person-years
to 1.25 cases/100,000 person-years in the pre-PCV13 period.
After PCV13 introduction, meningitis incidence declined to 1.22 cases/100,000 person-years by 2015–16,
a reduction of 70% (95% CI 54%–81%) from the prePCV7 period (Table 1; Figure 1). This decline was caused
by the continuing reduction in PCV7-type disease and a
large reduction in the additional PCV13 serotypes (1.56
cases/100,000 person-years [pre-PCV13] to 0.09 cases/
100,000 person-years [2015–16]) while meningitis incidence

caused by non-PCV13 serotypes remained static. Nearly all
cases in 2015–16 were caused by non-PCV13 serotypes, and
only 3 cases were caused by a PCV13 serotype (Table 1,
Figure 5).
Cases in Patients 5–64 Years of Age

Among patients 5–64 years of age, PCV7 serotypes were
responsible for 46.2% (54/117), additional PCV13 for
18.8% (22/117), and non-PCV13 for 35.0% (41/117) of
pneumococcal meningitis cases during the pre-PCV7 period. In this age group, meningitis incidence increased after
PCV7 introduction, peaking in 2008–09 before declining
after PCV13 introduction (Figure 1). After PCV7 introduction, PCV7-type meningitis declined, and additional
PCV13-type meningitis increased but then declined after
PCV13 introduction. Meningitis caused by non-PCV13
serotypes increased after PCV7 introduction and then stabilized during the PCV13 period. During 2015–16, the additional PCV13, especially serotype 3 (n = 5), caused some
meningitis cases, but the non-PCV13 serotypes 12F (n =
10) and 8 (n = 9) were the predominant causes of meningitis; other serotypes caused only 1–2 cases.
Cases in Patients >65 Years of Age

Before PCV7 introduction, the serotype distribution among
patients >65 years of age was similar to that of patients
5–64 years of age, albeit with half the number of cases
(Table 1). Meningitis incidence did not change after PCV7
introduction (0.60 cases/100,000 person-years [pre-PCV7]
to 0.59 cases/100,000 person-years [pre-PCV13]) but
declined substantially after PCV13 introduction to 0.27
cases/100,000 person-years by 2015–16, when serotypes
8 (25.0%, 6/24) and 23B (16.7%,4/24) predominated. In
2015–16, only 2 cases were caused by PCV13 serotypes
(3 and 19A).
Case-Fatality Rate

The overall CFR for pneumococcal meningitis was
17.5% (631/3,612; 95% CI 16.2%–18.7%) and pneumococcal nonmeningitis 19.9% (14,783/74,179; 95% CI
19.6%–20.2%). The CFR for pneumococcal meningitis was 10.7% (150/1,408; 95% CI 9.1%–12.4%) among
patients <5 years of age, 17.3% (262/1,517; 95% CI
15.4%–19.3%) among patients 5–64 years of age, and
31.9% (219/686; 95% CI 31.8%–39.5%) among patients
>65 years of age. The CFR for pneumococcal nonmeningitis was 3.5% (254/7,163) among patients <5 years of
age, 10.8% (3,235/30,090) among patients 5–64 years of
age, and 30.6% (11,292/36,907) among patients >65 years
of age. The CFRs for patients with meningitis by serotype
group were 14.2% (130/916) for PCV7 serotypes, 18.0%
(143/793) for additional PCV13 serotypes, and 18.9%
(290/1,534) for non-PCV13 serotypes.
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Figure 1. Corrected trends in incidence of pneumococcal meningitis and nonmeningitis cases by Streptococcus pneumoniae serotype,
age group, and epidemiologic year, England and Wales, July 1, 2000–June 30, 2016. A–H) Meningitis (A, C, E, G) and nonmeningitis
(B, D, F, H) cases in patients <5 years of age (A, B); patients 5–64 years of age (C, D); patients >65 years of age (E, F); and patients of
all ages (G, H). The raw numbers of cases for each year were corrected for missing serotype and age with the assumption that cases
with missing data for age, serotype, or both had the same age and serotype distribution as those cases for which this information was
known; cases were also corrected for annual changes in population denominators in each age group (13).The vertical lines denote the
introduction of PCV7 and PCV13 into the national childhood immunization program. PCV7 refers to serotypes 4, 6B, 9V, 14, 18C, 19F,
and 23F, and additional PCV13 refers to serotypes 1, 3, 5, 6A, 7F, and 19A. Non-PCV13 refers to all other serotypes. PCV7, 7-valent
pneumococcal conjugate vaccine; PCV13, 13-valent pneumococcal conjugate vaccine.
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Figure 2. Mean annual number of pneumococcal meningitis cases among patients of all ages by Streptococcus pneumoniae serotype
and period, England and Wales, July 1, 2000–June 30, 2016. The pre-PCV7 period refers to July 1, 2000–June 30, 2006, pre-PCV13
period July 1, 2008–June 30, 2010, and PCV13 period July 1, 2011–June 30, 2016. PCV7, 7-valent pneumococcal conjugate vaccine;
PCV13, 13-valent pneumococcal conjugate vaccine. For cases diagnosed during the PCV13 period (July 1, 2011–June 30, 2016), we
used multivariable logistic regression to calculate the odds of meningitis vs. nonmeningitis. O, other serotypes.

In a logistic regression model, meningitis was associated
with death (adjusted odds ratio [aOR] 1.6, 95% CI 1.4–1.7),
independent of age group, serotype group, or period. Among
meningitis cases, only increasing age (5–64 years aOR 1.7
[95% CI 1.3–2.1] and >65 years aOR 3.9 [95% CI 3.1–5.0]
vs. children <5 years of age; p<0.0001 for both) was independently associated with death but not serotype group or
surveillance year. In a logistic regression model comparing
the CFR of serotypes associated with meningitis during the
PCV13 period, only serotype 8 (CFR 33.7% [33/98] vs. CFR
other serotypes 15.7% [123/783]) was associated with an increased odds of death (aOR 2.9, 95% CI 1.8–4.7; p<0.0001).
Meningitis Cases Prevented

We estimated that 702 cases of meningitis were prevented
during the 10 years since PCV7 introduction (2006–2016),

mainly occurring after PCV13 introduction and nearly all
in children <5 years of age. In total, 1,471 fewer cases
were caused by PCV7 serotypes, and 173 more cases were
caused by additional PCV13 serotypes (207 additional
cases before PCV13 introduction and 34 fewer cases after
PCV13 introduction).
Discussion
In England and Wales, pneumococcal meningitis accounts for 5% of all IPD cases. Although large declines
in IPD incidence were observed after PCV7 and PCV13
introduction, we observed a differential impact on pneumococcal meningitis and nonmeningitis. The annual
incidence of pneumococcal meningitis remained unchanged after PCV7 introduction but declined by 48%
after PCV13 replaced PCV7. The greatest decline in

Figure 3. Contribution of individual Streptococcus pneumoniae serotypes to pneumococcal meningitis and nonmeningitis cases for all age
groups after PCV13 introduction, England and Wales, July 1, 2011–June 30, 2016. We included the non-PCV13 serotypes that involved
>10 cases. PCV7, 7-valent pneumococcal conjugate vaccine; PCV13, 13-valent pneumococcal conjugate vaccine. O, other serotypes.
Emerging Infectious Diseases • www.cdc.gov/eid • Vol. 25, No. 9, September 2019

1713

RESEARCH

Table 2. Association between Streptococcus pneumoniae serotype and meningitis (vs. nonmeningitis) by serotype ranking, England
and Wales, July 1, 2011–June 30, 1016*
Nonmeningitis cases,
Meningitis cases,
Serotype rank
Serotype
Total cases
n = 20,800, no. (%)
n = 920, no. (%)
aOR (95% CI)
p value†
1‡
8
3,285
3,184 (15.3)
101 (11.0)
0.69 (0.56–0.86)
<0.001
2
12F
1,809
1,729 (8.3)
80 (8.7)
0.99 (0.78–1.27)
0.961
3§
22F
1,725
1,640 (7.9)
85 (9.2)
1.39 (1.1–1.76)
0.006
4
3
1,598
1,542 (7.4)
56 (6.1)
0.99 (0.74–1.31)
0.924
5
7F
1,542
1,482 (7.1)
60 (6.5)
0.73 (0.56–0.96)
0.026
6‡
19A
1,485
1,446 (7.0)
39 (4.2)
0.62 (0.45–0.86)
0.005
7
15A
1,024
986 (4.7)
38 (4.1)
1.09 (0.78–1.54)
0.603
8
9N
954
928 (4.5)
26 (2.8)
0.77 (0.51–1.15)
0.2
9
33F
827
774 (3.7)
53 (5.8)
1.34 (0.99–1.81)
0.057
10‡
1
602
588 (2.8)
14 (1.5)
0.33 (0.19–0.56)
<0.001
11§
10A
566
511 (2.5)
55 (6.0)
2.06 (1.52–2.79)
<0.001
12
23A
548
523 (2.5)
25 (2.7)
1.51 (1–2.29)
0.052
13
24F
548
528 (2.5)
20 (2.2)
0.73 (0.46–1.16)
0.187
14
6C
514
497 (2.4)
17 (1.8)
0.95 (0.58–1.57)
0.852
15
11A
512
498 (2.4)
14 (1.5)
0.71 (0.41–1.23)
0.221
16§
23B
499
462 (2.2)
37 (4.0)
1.73 (1.21–2.48)
0.003
17
15B/C
453
416 (2.0)
37 (4.0)
1.31 (0.91–1.89)
0.146
18
16F
418
408 (2.0)
10 (1.1)
0.77 (0.41–1.45)
0.415
19
35F
371
349 (1.7)
22 (2.4)
1.47 (0.93–2.32)
0.096
20§
35B
334
308 (1.5)
26 (2.8)
2.12 (1.38–3.25)
<0.001
21
31
282
273 (1.3)
9 (1.0)
1.14 (0.58–2.25)
0.703
22
20
240
235 (1.1)
5 (0.5)
0.46 (0.19–1.12)
0.086
23
38
239
229 (1.1)
10 (1.1)
0.79 (0.41–1.54)
0.49
24
17F
235
221 (1.1)
14 (1.5)
1.71 (0.98–2.98)
0.058
25
19F
183
171 (0.8)
12 (1.3)
1.24 (0.68–2.28)
0.483
26
4
135
132 (0.6)
3 (0.3)
0.4 (0.13–1.28)
0.123
27
14
94
93 (0.4)
1 (0.1)
0.26 (0.04–1.87)
0.18
28
6A
93
88 (0.4)
5 (0.5)
1.34 (0.52–3.45)
0.538
29
6B
90
88 (0.4)
2 (0.2)
0.54 (0.13–0.13)
0.397
30
9V
81
80 (0.4)
1 (0.1)
0.31 (0.04–2.25)
0.245
31
23F
60
57 (0.3)
3 (0.3)
1.24 (0.38–4.08)
0.722
32
18C
55
51 (0.2)
4 (0.4)
1.23 (0.43–3.52)
0.701
33
21
51
47 (0.2)
4 (0.4)
0.8 (0.28–2.3)
0.683

*Values were adjusted for age and year of diagnosis. Only serotypes responsible for >50 cases of invasive pneumococcal disease were included. aOR,
adjusted odds ratio.
†Because of multiple comparisons, a p value of <0.01 was considered significant.
‡Serotype of decreased odds (decreased aOR with significant p value).
§Serotype of increased odds (increased aOR and significant p value).

pneumococcal meningitis incidence (70%) was observed
among children <5 years of age. By 2015–16, PCV13serotype meningitis was rare, and nearly all cases were
caused by non-PCV13 serotypes. The CFR, however,
remained high (17.5%) and increased with age, but we
found evidence of a lower CFR after both PCV7 and
PCV13 implementation.
The reduction in PCV7-type pneumococcal meningitis after PCV7 was introduced in 2006 was rapidly
offset by an increase in cases caused by non-PCV7 serotypes, especially 7F and 19A (later included in PCV13)
and especially among adults (21). The replacement of
PCV7 by PCV13 in 2010, however, led to large declines
in pneumococcal meningitis cases, mainly because of an
84% reduction in cases caused by the additional serotypes
included in PCV13 without an increase in cases caused
by non-PCV13 serotypes. Similar trends have been reported in Israel, where meningitis incidence declined only
after PCV13 introduction (22). In France, PCV7 implementation led to a rebound in incidence of pneumococcal
1714

meningitis, with a 2.2-fold increase among children, including a 6.5-fold increase among those <2 years of age
(23), followed by a 44% decline after PCV13 introduction
(16,24). In contrast, many countries with established PCV
programs reported declines in pneumococcal meningitis
after implementation of each vaccine (18,25–31). In the
United States, PCV7 implementation was associated with
declines in PCV7-type pneumococcal meningitis across
all age groups, but the overall incidence of pneumococcal meningitis in adults did not change because disease
with non-PCV7 serotypes increased (32). Possible explanations for the variable observations include differences
in immunization doses and schedules, implementation of
catch-up programs along with vaccine introduction, vaccine uptake rates, rapidity of increases in disease attributable to other serotypes after the introduction of each vaccine, and differences in the replacing serotypes’ abilities
to cause IPD and meningitis.
We observed shifts in serotypes causing meningitis
over time. Before PCV7 implementation, serotype 14
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Figure 4. Distribution of pneumococcal meningitis cases in children <5 years of age, by month of age and Streptococcus pneumoniae
serotype group, England and Wales, July 1, 2000–June 30, 2016. PCV7 refers to serotypes 4, 6B, 9V, 14, 18C, 19F, and 23F, and
additional PCV13 refers to serotypes 1, 3, 5, 6A, 7F, and 19A. PCV7, 7-valent pneumococcal conjugate vaccine; PCV13, 13-valent
pneumococcal conjugate vaccine.

caused most meningitis cases (10), consistent with findings in Germany, Belgium, and Brazil (33–35). During
the PCV7 period, serotypes 7F and 19A (12), among others, emerged as the most common replacing serotypes
causing meningitis in Europe and the United States, mainly through clonal expansion (36,37). In several countries,
including France and the United States but not the United
Kingdom, isolates of the emerging serotype 19A exhibited high rates of resistance to multiple antimicrobial drugs
(38,39). Meningitis caused by serotype 7F has been associated with more severe disease (increased complications,
higher CFR) in children than meningitis caused by other
serotypes (40).

The replacement of PCV7 with PCV13, which covers
serotypes 7F and 19A, led to a rapid reduction in IPD, including meningitis, caused by these serotypes across all age
groups. Marked reductions in IPD caused by these 2 serotypes were observed especially among children <2 years
of age, the age group in which incidence of pneumococcal
meningitis is highest (12). By 2015–16, serotypes 8 and
12F were the main replacing serotypes causing meningitis
across all age groups.
The predominance of serotype 8 appears to be unique
to the England and Wales population (41). In Germany, serotypes 14 and 6B pre-PCV7 and serotype 7F post-PCV7
were the most common; whereas in England and Wales,
Figure 5. Pneumococcal
meningitis cases, by
Streptococcus pneumoniae
serotype and severity, England
and Wales, July 1, 2015–June
30, 2016. We included the nonPCV13 serotypes that involved
>10 cases. O, other serotypes;
PCV7, 7-valent pneumococcal
conjugate vaccine; PCV13,
13-valent pneumococcal
conjugate vaccine.
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serotypes 12F, 8, and 10A caused nearly half of all pneumococcal meningitis cases in patients <5 years of age after
PCV13 introduction (25). Of the most frequent serotypes
isolated after PCV13 introduction in France (15B/C, 22F,
23B, 24F), only 24F had a high disease potential; 5 years
after PCV13 introduction, no serotype predominated, and
no significant increase in non–PCV13-type meningitis occurred (42). A common feature shared among countries
with established PCV13 programs is the high proportion
of cases (70%–80%) caused by non-PCV13 serotypes after
PCV13 introduction (20,43).
In our cohort, the differences in disease trends among
meningitis and nonmeningitis presentations after PCV7
and PCV13 implementation are probably a result of the
different propensities of specific serotypes to cause meningitis, pneumonia, severe disease, and fatal outcomes.
For example, before PCV7 introduction, some PCV7 (6B,
18C, 19F, 23F), additional PCV13 (3, 6A), and non-PCV13
(12F) serotypes were more likely to be associated with
meningitis in the United Kingdom, while serotype 1 (additional PCV13) was less likely (10). Many of the serotypes
that increased in incidence after PCV13 implementation
did not exhibit a higher propensity for causing meningitis.
Our findings (and those of others) highlight the importance
of monitoring infectious diseases by their major clinical
presentations. In the United States, after PCV7 introduction, the rates of meningitis and invasive pneumonia caused
by non-PCV7 types increased for all age groups, whereas
primary bacteremia rates did not change (32). In contrast,
a study in Spain showed a shift in pneumococcal meningitis cases to persons in older age groups (18). In Canada,
a higher proportion of IPD cases presented as meningitis
after the introduction of PCV7 and PCV13 (44), and in Israel, disease caused by non-PCV13 serotypes increased by
256% for pneumococcal meningitis among children, 302%
for pneumococcal bacteremic pneumonia, and 116% for
other IPD presentations (15).
The CFR of our cohort (17.5%, 10.7% in children <5
years of age) was similar to that reported for the pre-PCV7
period (14.5%) but higher than that reported for children in
Spain (5%) and the United States (8.3%–11.2%) (2,18,31).
We have reported that nearly half of all children with IPD
who died had meningitis (4) and that meningitis was an
independent risk factor for death in children with IPD (45).
Similar to our cohort, studies conducted in other countries
have also indicated little change in CFR for pneumococcal meningitis after PCV introduction, despite significant
reductions in disease incidence (18,31,46). Clinical followup of cases suggests that although the risk for pneumococcal meningitis was lowered after PCV introduction, once
meningitis develops, the outcomes in terms of death or
long-term sequelae are similar, irrespective of infecting serotype (20). Our finding of lower odds of meningitis but
1716

higher risk for death with serotype 8 meningitis is novel
(41) and needs to be verified for other populations.
The strengths of our study included established, longterm national surveillance along with a national reference laboratory for IPD covering a large population of
55 million persons across England and Wales. A study
limitation was that bacterial meningitis cases caused by
unknown species types, a substantial proportion of which
were probably S. pneumoniae, would not have been captured in the surveillance, thus leading to an underestimation of the burden of pneumococcal meningitis. In addition, lumbar punctures are less likely to be performed
on adults than children, and therefore, some IPD cases
in adults were probably not reported as meningitis. Another limitation was that enhanced surveillance with questionnaires for vaccine-eligible children only began when
PCV7 was introduced. This change could potentially
have led to improved ascertainment of meningitis cases in
the vaccine-eligible cohort after PCV7 introduction and,
therefore, caused the effects of PCV7 to be underestimated. On the other hand, cases in and disease trends among
older children and adults should not have been affected
because enhanced surveillance was restricted to children
<5 years of age. Overall, however, these differences were
unlikely to affect the trends over time, effect of vaccination, or serotype distribution among meningitis and nonmeningitis cases. Finally, some pneumococcal serotypes
exhibit cyclical trends, which could potentially explain
some of the observed changes in serotype distribution;
we did not evaluate changes in individual serotypes over
time because of the relatively small numbers of meningitis cases caused by individual serotypes.
Comparisons of our findings with those found in studies of other populations should be made cautiously because
of differences in the distribution of serotypes causing invasive disease in persons in different age groups, propensities
of individual serotypes causing meningitis, replacement serotypes causing disease after PCV7 and PCV13 introduction, secular trends in non-PCV13 serotypes, vaccination
schedules and coverage, antimicrobial use, emergence of
resistant serotypes, clinical practices for investigating and
treating patients with suspected meningitis, surveillance
methods, case definitions, and completeness of case ascertainment. Of note, in the United Kingdom, antimicrobial
resistance among invasive pneumococcal isolates remains
low (47,48).
In conclusion, the childhood pneumococcal vaccination program has reduced the incidence of IPD, including
pneumococcal meningitis, across all age groups through a
combination of direct and herd protection. We estimated
that >700 cases of pneumococcal meningitis were prevented during the first decade of the program, although CFRs
across different age groups remain relatively unchanged.
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By 2015–16, most cases of pneumococcal meningitis were
caused by non-PCV13 serotypes. Further studies are needed to assess the risk factors, clinical course, and outcomes
of pneumococcal meningitis associated with the replacing serotypes. Higher-valent vaccines are needed to target
the emerging serotypes in the short term until serotypeindependent vaccines become available.
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Rickettsia japonica Infections in Humans,
Xinyang, China, 2014–2017

Hao Li, Pan-He Zhang, Juan Du,
Zhen-Dong Yang, Ning Cui, Bo Xing,
Xiao-Ai Zhang, Wei Liu
During 2014–2017, we screened for Rickettsia japonica
infection in Xinyang, China, and identified 20 cases. The
major clinical manifestations of monoinfection were fever,
asthenia, myalgia, rash, and anorexia; laboratory findings
included thrombocytopenia and elevated hepatic aminotransferase concentrations. Physicians in China should
consider R. japonica infection in at-risk patients.

E

merging and reemerging spotted fever group (SFG)
rickettsioses are increasingly spreading and being recognized worldwide. Japanese spotted fever (JSF), caused
by Rickettsia japonica and first reported in Japan in 1984
(1,2), is an SFG rickettsiosis characterized by fever, malaise, chills, headache, rash, and eschars (3,4). JSF cases
have been increasingly reported, but mostly in Japan and
the nearby countries of South Korea, the Philippines, and
Thailand (4–7). R. japonica has been detected in 3 genera
(Haemaphysalis, Dermacentor, Ixodes) and 8 species of
ticks (8,9). Because of the wide spectrum of ticks in which
this bacterium has been found, R. japonica is postulated to
be distributed more widely throughout China. The identification of R. japonica in H. flava and H. hystricis ticks in
Wuhan, China, further corroborated this hypothesis (10).
Also, serologic responses to R. japonica were detected in
patients in Hainan Province in southern China ≈3 decades
ago (11). However, laboratory-confirmed JSF cases have
been identified in only a few patients in China (12,13). In
this study, we aimed to determine if more JSF cases were
occurring in China by using hospital-based surveillance.
The Study
During March 2014–June 2017, we screened 2,236 febrile patients seeking treatment at The People’s Liberation
Army 990 Hospital in Xinyang, Henan Province, eastern
central China (Appendix Figure, https://wwwnc.cdc.gov/
Author affiliations: Beijing Institute of Microbiology and
Epidemiology, Beijing, China (H. Li, P.-H. Zhang, B. Xing,
X.-A. Zhang, W. Liu); Peking University, Beijing (J. Du); People’s
Liberation Army 990 Hospital, Xinyang, China (Z.-D. Yang, N. Cui)
DOI: https://doi.org/10.3201/eid2509.171421

EID/article/25/9/17-1421-App1.pdf) with a history of tick
bite or field activity within the previous month for infection with R. japonica. We extracted DNA from peripheral
blood samples collected during the acute phase of illness
and screened them by a nested PCR concurrently targeting
the citrate synthase gene (gltA), 17-kDa antigen–encoding
gene (htrA), and outer membrane protein A–encoding gene
(ompA), as previously described (14). To minimize the risk
for contamination, we performed template isolation and
PCR setup in separate rooms with specified pipette sets,
used certified DNAase- and RNase-free filter barrier tips
to prevent aerosol contamination, and performed all PCR
assays with appropriate controls. After amplification and
sequencing, we found that 20 patients were infected with
R. japonica.
The gltA gene sequence (456-bp) obtained from all
20 samples (GenBank accession no. MF693145) showed
100% similarity to the corresponding gene of R. japonica
strain YH (GenBank accession no. AP017602). The htrA
gene sequence (394-bp) obtained from 18 samples (GenBank accession no. MF693146) was identical to that of R.
japonica YH, and the sequence in the remaining 2 samples
(GenBank accession no. MF693147) differed by only 3 bp.
The ompA gene sequence (311-bp) found in 16 samples
(GenBank accession no. MF693148) was identical to that
of R. japonica YH, and the remaining 4 samples each differed by just 1 bp (GenBank accession nos. MF693149–52)
(Figure 1).
We also assessed other tickborne agents, including
Anaplasma phygocytophilum, Anaplasma capra, Ehrlichia chaffeensis, Borrelia burgdorferi sensu lato, Babesia
microti, and severe fever with thrombocytopenia syndrome virus, by PCR or reverse transcription PCR. Six of
20 patients were co-infected with severe fever with thrombocytopenia syndrome virus, so we excluded them from
clinical analysis.
We tested the acute serum samples collected <7 days
after illness onset and the convalescence serum samples
collected >14 days after illness onset from the 14 patients
with R. japonica monoinfection in parallel using an indirect
immunofluorescence assay for Rickettsia heilongjiangensis
IgG. We considered an IgG titer >1:64 a positive reaction.
Using this definition, we found that 6 patients had a seroconversion, and the other 8 had a 4-fold increased IgG titer;
thus, all patients had an acute infection with SFG rickettsiae.
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Figure 1. Phylogenetic analysis
of Rickettsia species from febrile
patients treated at The People’s
Liberation Army 990 Hospital
for Rickettsia japonica infection,
Xinyang, China, March 2014–
June 2017 (bold), and reference
species. Tree was constructed
on the basis of the outer member
protein A nucleotide (311-bp)
gene sequence. We used the
maximum-likelihood method
with the best substitution model
(Tamura 3-parameter plus
gamma) and MEGA version
5.0 (http://www.megasoftware.
net). We applied a bootstrap
analysis of 1,000 replicates
to assess the reliability of the
reconstructed phylogenies.
GenBank accession numbers
are provided. Scale bar indicates
estimated evolutionary distance.

All 14 patients had a history of field activity within
the previous month, and 5 had a history of tick bite. Median patient age was 61.5 (range 44–77) years; 9 were men.
The median time from tick bite to onset of illness was 4
(range 3–8) days and from onset of illness to physician visit
5 (range 2–7) days. The median duration of hospitalization
was 6 (range 4–10) days.
Fever and asthenia were reported by all 14 patients.
Other nonspecific symptoms included myalgia (10/14),
lymphadenopathy (4/14), headache (3/14), dizziness
(3/14), and chills (2/14). Gastrointestinal manifestations
included anorexia (9/14), nausea (7/14), vomiting (3/14),
and diarrhea (1/14). Three patients had cough and pneumonia, and we observed rash in 10 patients (Figure 2). The
median time from onset of illness to rash was 4 (range 3–5)
days, and the median duration of rash was 5.5 (range 4–8)

days. Only 3 patients had an eschar. Other signs included
splenomegaly (2/14) and facial edema (1/14).
Urinalysis on admission revealed microscopic hematuria in 2 patients and a slight or moderate proteinuria in
8 patients. The most common findings on laboratory tests
were thrombocytopenia, elevated hepatic aminotransferase concentrations, elevated serum lactate dehydrogenase,
and hypoalbuminemia, followed by hyponatremia, anemia,
hyperbilirubinemia, hypopotassemia, leukopenia, and elevated serum creatine kinase (Table). Mild multiple organ
dysfunction developed in 3 patients.
Because of the appearance of typical rash, we suspected SFG rickettsioses in 10 patients and treated them with
doxycycline (100 mg 2×/d) until their fevers dissipated and
clinical disease improved (median 4 [range 3–5] days). The
other 4 patients were treated with the antimicrobial drugs

Figure 2. Lesions on patients with Rickettsia japonica infection, Xinyang, China, March 2014–June 2017. A) Rash on ventrum; B) rash
and eschar on back; C) eschar on femoribus internus; D) tick bite site on left armpit.
1720
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Table. Laboratory test results of samples from 14 patients with Rickettsia japonica infection at different time points, China, 2014–2017*
No. patients
Result
At admission
During hospitalization
At discharge from hospital
0
5
3
Anemia, <3.5  1012 erythrocytes/L
3
3
0
Leukopenia, <4.0  109 leukocytes/L
9
11
0
Thrombocytopenia, <150  109 platelets/L
4
5
2
Hyperbilirubinemia, albumin >17.1 mol/L
Hypoalbuminemia, albumin <35.0 g/L
3
9
7
Hyponatremia, sodium <135.0 mmol/L
4
6
2
Hypopotassemia, potassium <3.5 mmol/L
2
4
2
8
10
5
Increased ALT level, >0.67 kat/L
10
12
5
Increased AST level, >0.67 kat/L
10
11
7
Increased LDH level, >4.1 kat/L
4
3
0
Increased CK level, >4.1 kat/L
*ALT, alanine aminotransferase; AST, aspartate aminotransferase; CK, creatine kinase; LDH, lactate dehydrogenase.

cefminox or cefoperazone for a median of 6 (range 5–7)
days. By the time patients were discharged from the hospital, their leukocyte and platelet counts had returned to reference range levels, but half of the patients still had laboratory test values outside of their respective reference ranges
(Table). No patients reported clinically significant sequelae
at their 2-week follow-up appointment.
Conclusions
The tick vectors of R. japonica (i.e., H. flava, H. hystricis,
H. cornigera, H. longicornis, I. ovatus) are widely distributed throughout China (15), providing R. japonica ample
opportunity to infect humans. By applying molecular
screening techniques to simultaneously amplify 3 genes,
we identified R. japonica infection in 14 patients.
The clinical signs and symptoms of R. japonica infection in our patient cohort differed from those reported in
patients in Japan (3,4). We frequently observed fever, asthenia, and rash but not chills and headache. We also saw
fewer eschars in our patient cohort, potentially because
they were underreported during clinical examination; eschars are not always easy to identify. In addition, the patients we identified usually had myalgia and gastrointestinal symptoms.
These clinical findings expand the available knowledge
of the disease spectrum of R. japonica infection. Compared
with endemic rickettsiosis caused by Candidatus Rickettsia tarasevichiae infection (reference 16 in Appendix), rash
is commonly seen, and hemorrhagic and neurologic signs
and symptoms are rarely seen in patients with R. japonica
infection. These distinctive features could be used to make
a differential diagnosis.
We frequently observed in our patient cohort thrombocytopenia, hypoalbuminemia, elevated hepatic enzyme
activity, and elevated lactate dehydrogenase levels, findings
resembling those of patients with common SFG rickettsioses (reference 17 in Appendix). In general, disease is mild or
moderate, and no deaths have been recorded, although mild
multiple organ dysfunction developed in several patients.

In conclusion, we identified R. japonica as an emerging tickborne pathogen in China. Physicians in areas where
H. longicornis and other competent vectors for R. japonica
are endemic should be aware of the risk for infection in
humans and prescribe doxycycline to patients in cases of
ineffective therapy with other antimicrobial drugs. Surveillance needs to be extended to improve our understanding of
the health burden of JSF.
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the New Star Plan of Science and Technology of Beijing
(Z171100001117089).

About the Author
Dr. Li is a scientist in the State Key Laboratory of Pathogen and
Biosecurity, Beijing Institute of Microbiology and Epidemiology,
Beijing, China. His research interests include microbiology,
epidemiology, and ecology of tickborne diseases.
References
1.

2.

3.
4.
5.

Mahara F, Koga K, Sawada S, Taniguchi T, Shigemi F, Suto T,
et al. The first report of the rickettsial infections of spotted fever
group in Japan: three clinical cases [in Japanese]. Kansenshogaku
Zasshi. 1985;59:1165–72. https://doi.org/10.11150/
kansenshogakuzasshi1970.59.1165
Uchida T, Uchiyama T, Kumano K, Walker DH. Rickettsia
japonica sp. nov., the etiological agent of spotted fever group
rickettsiosis in Japan. Int J Syst Bacteriol. 1992;42:303–5.
https://doi.org/10.1099/00207713-42-2-303
Mahara F. Japanese spotted fever: report of 31 cases and review
of the literature. Emerg Infect Dis. 1997;3:105–11. https://doi.org/
10.3201/eid0302.970203
Mahara F. Rickettsioses in Japan and the Far East. Ann N Y Acad
Sci. 2006;1078:60–73. https://doi.org/10.1196/annals.1374.007
Camer GA, Alejandria M, Amor M, Satoh H, Muramatsu Y,
Ueno H, et al. Detection of antibodies against spotted fever group
Rickettsia (SFGR), typhus group Rickettsia (TGR), and Coxiella
burnetii in human febrile patients in the Philippines. Jpn J Infect
Dis. 2003;56:26–8.

Emerging Infectious Diseases • www.cdc.gov/eid • Vol. 25, No. 9, September 2019

1721

DISPATCHES
6.

Chung MH, Lee SH, Kim MJ, Lee JH, Kim ES, Lee JS, et al.
Japanese spotted fever, South Korea. Emerg Infect Dis.
2006;12:1122–4. https://doi.org/10.3201/eid1207.051372
Gaywee J, Sunyakumthorn P, Rodkvamtook W, Ruang-areerate T,
Mason CJ, Sirisopana N. Human infection with Rickettsia sp.
related to R. japonica, Thailand. Emerg Infect Dis. 2007;13:657–9.
https://doi.org/10.3201/eid1304.060585
Ando S, Fujita H. Diversity between spotted fever group Rickettsia
and ticks as vector. Jap J Sanit Zool. 2013;64:5–7. https://doi.org/
10.7601/mez.64.5
Fournier PE, Fujita H, Takada N, Raoult D. Genetic identification
of rickettsiae isolated from ticks in Japan. J Clin Microbiol.
2002;40:2176–81. https://doi.org/10.1128/JCM.40.6.2176-2181.2002
Lu M, Tian JH, Yu B, Guo WP, Holmes EC, Zhang YZ. Extensive
diversity of rickettsiales bacteria in ticks from Wuhan, China.
Ticks Tick Borne Dis. 2017;8:574–80. https://doi.org/10.1016/
j.ttbdis.2017.03.006
Feng HM, Chen TS, Lin BH, Lin YZ, Wang PF, Su QH, et al.
Serologic survey of spotted fever group rickettsiosis on Hainan
Island of China. Microbiol Immunol. 1991;35:687–94.
https://doi.org/10.1111/j.1348-0421.1991.tb01602.x

7.

8.
9.
10.

11.

12.
13.

14.

15.

Li J, Hu W, Wu T, Li HB, Hu W, Sun Y, et al. Japanese spotted
fever in eastern China, 2013. Emerg Infect Dis. 2018;24:2107–9.
https://doi.org/10.3201/eid2411.170264
Lu Q, Yu J, Yu L, Zhang Y, Chen Y, Lin M, et al. Rickettsia
japonica infections in humans, Zhejiang Province, China, 2015.
Emerg Infect Dis. 2018;24:2077–9. https://doi.org/10.3201/
eid2411.170044
Li H, Zhang PH, Huang Y, Du J, Cui N, Yang ZD, et al.
Isolation and identification of Rickettsia raoultii and in human
cases: a surveillance study in 3 medical centers in China.
Clin Infect Dis. 2018;66:1109–15. https://doi.org/10.1093/cid/
cix917
Chen Z, Yang X, Bu F, Yang X, Yang X, Liu J. Ticks (Acari:
Ixodoidea: Argasidae, Ixodidae) of China. Exp Appl Acarol.
2010;51:393–404. https://doi.org/10.1007/s10493-010-9335-2

Address for correspondence: Hao Li and Wei Liu, Beijing Institute of
Microbiology and Epidemiology, State Key Laboratory of Pathogen and
Biosecurity, 20 Dong-Da St, Fengtai District, Beijing 100071, China;
email: lihao_1986@126.com and liuwei@bmi.ac.cn

The Public Health Image Library (PHIL)
The Public Health Image Library
(PHIL), Centers for Disease
Control and Prevention, contains
thousands of public health–related
images, including high-resolution
(print quality)photographs,
illustrations, and videos.
PHIL collections illustrate current
events and articles, supply visual
content for health promotion
brochures, document the
effects of disease, and enhance
instructional media.
PHIL images, accessible to PC
and Macintosh users, are in the
public domain and available
without charge.
Visit PHIL at:

http://phil.cdc.gov/phil
1722

Emerging Infectious Diseases • www.cdc.gov/eid • Vol. 25, No. 9, September 2019

Climate Classification System–Based
Determination of Temperate Climate
Detection of Cryptococcus gattii sensu lato

Emily S. Acheson, Eleni Galanis,
Karen Bartlett, Brian Klinkenberg
We compared 2 climate classification systems describing georeferenced environmental Cryptococcus gattii sensu lato isolations occurring during 1989–2016. Each system suggests the
fungus was isolated in temperate climates before the 1999 outbreak on Vancouver Island, British Columbia, Canada. However, the Köppen-Geiger system is more precise and should
be used to define climates where pathogens are detected.

A

global systematic framework is needed to define climates where pathogens are detected. The 1999 cryptococcal outbreak of the fungal species complex Cryptococcus gattii sensu lato on Vancouver Island (1), British
Columbia, Canada, was described as the first temperate climate emergence of the pathogen because, before this event,
C. gattii s.l. was largely reported in areas described as tropical and subtropical (Appendix Figure, https://wwwnc.cdc.
gov/EID/article/25/9/18-1884-App1.pdf). This assumption
led to the belief that the Vancouver Island outbreak might
be associated with a changing climate. The lack of precision
and standardization of climate classification in the health
literature makes comparing emergence areas around the
world and determining why or how the organism emerged
in that area difficult.
The lack of consensus might largely be rooted in the
lack of a global systematic framework to define climates
where pathogens are detected. Specifically, a standardized
definition of tropical, subtropical, and temperate to compare pathogen isolation areas worldwide is unavailable.
Here, we compare the 2 solar climate definitions and the
Köppen-Geiger climate classification system to determine
whether the 1999 Vancouver Island outbreak was the firstever detection of C. gattii s.l. in a temperate environment
and which system should be used for a global systematic
climate classification framework.
Author affiliations: University of British Columbia, Vancouver,
British Columbia, Canada (E.S. Acheson, E. Galanis, K. Bartlett,
B. Klinkenberg); British Columbia Centre for Disease Control,
Vancouver (E. Galanis)
DOI: https://doi.org/10.3201/eid2509.181884

The Study
We used environmental isolations of C. gattii s.l. (i.e., detections in plant and soil samples) to map global distribution. Geographically defined human and animal records
of C. gattii infection are not always accessible because of
privacy restrictions. In addition, the dates and locations of
C. gattii s.l. exposures are often uncertain because of the
mobility of animals and humans and C. gattii’s long, undetermined incubation and latency periods (2). We extended
the data of a database of globally georeferenced environmental isolations of C. gattii s.l. from the peer-reviewed
literature (3) through November 2018 (Appendix Table).
We excluded studies in which only the country of sampling
was specified because many countries extend through multiple climates. We recorded the earliest year of isolation or,
if a sampling year was not specified, the year of study publication. In total, we used 83 geographically unique coordinates of C. gattii isolations occurring during 1989–2016.
According to the solar definition (the predominant
definition used in the C. gattii literature to describe isolation climates), tropical, subtropical, and temperate regions are denoted by latitudinal boundaries (4). In contrast, the Köppen-Geiger system (5) uses precipitation,
temperature, and vegetation traits to produce 5 main climate groups (tropical or equatorial, arid, temperate, continental, and polar) and subgroups and is the most widely
used climate classification system by researchers, including medical geographers, worldwide (6). For the solar
definition of climate, we set the latitudinal boundaries of
the tropics at 23.4 degrees north and south of the equator,
the area of the subtropics as the tropical extent to 35 or 40
degrees north and south of the equator, and the temperate
area as the subtropical extent to 66.5 degrees north and
south of the equator (4,7). For the Köppen-Geiger system,
we used a map depicting the climate characteristics observed during 1976–2000 with a spatial resolution of 0.5
degrees (http://koeppen-geiger.vu-wien.ac.at/shifts.htm).
Using ArcMap version 10.5.1 (ESRI 2017, https://www.
esri.com), we overlaid the isolation coordinates of C. gattii on each map and extracted the corresponding climate
classifications. If exact coordinates of the sample were not
specified, we used ArcMap to estimate coordinates for the
centroid of the park, city, or town where the sampling
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occurred. We first compared the climates assigned to
isolations by classification system and then determined
which positive sampling years had >1 isolation in a temperate region and how many of these years preceded 1999.
The solar definition classified the 83 environmental
C. gattii s.l. isolations as tropical, subtropical, or temperate (Figure 1). By comparison, the Köppen-Geiger system
classified these same isolations into 11 different climate
subgroups (Figure 1). Both systems identified >1 temperate-climate environmental C. gattii isolation (8) before
1999 (Figure 2).
Both variations of the solar definition and the KöppenGeiger system classified the environmental samples of C.
gattii s.l. isolated on Vancouver Island during the outbreak
as temperate (Appendix Table). According to the Köppen-

Geiger system, the Vancouver Island outbreak areas have
2 different types of temperate climates: temperate oceanic
and warm summer Mediterranean, that is, precipitation
conditions that range from dry summers to fully humid
year-round with warm summer temperatures (5). According to the more restrictive solar definition of temperate, the
environmental C. gattii s.l. isolation coordinates from only
1 year before 1999 could be classified as temperate (Figure 2). By contrast, the Köppen-Geiger system classified
the coordinates of environmental isolations from 7 different years before 1999 as temperate (Figure 2; Appendix
Table). These isolation coordinates included areas in California (9,10) and southwestern and southeastern Australia
(9,11). The solar definition of climate largely categorized
these areas as tropical or subtropical (Appendix Table), but

Figure 1. Global environmental isolations of Cryptococcus gattii sensu lato, 1989–2016. We mapped 83 unique geographic coordinates
of C. gattii s.l. isolations and labeled them according to their Köppen-Geiger climate classification. Overlapping symbols of the same
Köppen-Geiger climate classification (where isolations were 0–200 km apart) were removed for easier visualization. The solar definition
of the tropics is shown as the semitransparent red area extending from the equator to 23.4 degrees north and south of the equator,
the subtropics as the yellow area extending from the tropics to either 35 (solid line) or 40 (dashed line) degrees north and south of the
equator, and the temperate zone as the green area extending from the subtropics to 66.5 degrees north and south of the equator.
1724
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Temperate Climate Detection of C. gattii s.l.
Figure 2. Timeline of
environmental Cryptococcus
gattii sensu lato isolations in
temperate climates, by climate
definition, 1989–2016. Gray
squares indicate years in which
>1 isolate from a temperate
climate was obtained, and white
squares indicate years in which
no such isolate was obtained.

the Köppen-Geiger system labeled them as temperate oceanic and warm summer Mediterranean.
Conclusions
Both versions of the solar definition and the KöppenGeiger system suggest that the Vancouver Island outbreak was not the first-ever temperate detection of C. gattii s.l. However, in terms of geographic scale, the solar
definition of tropical, subtropical, and temperate are too
coarse for the purposes of classifying or describing areas
of local clinical, veterinary, or environmental isolations
of C. gattii s.l. or any other environmentally contracted
pathogen. Species, including pathogenic species, can live
within geographically smaller refugia that maintain their
climatic and biological needs across larger landscapes
and solar boundaries, depending on topography, microclimates, and habitat fragmentation (12,13). Although the
Köppen-Geiger system still generalizes across precipitation, temperature, and vegetation, the system accounts for
more environmental variation and provides temperature
and precipitation limits for each climate subtype. The
Köppen-Geiger system is the most widely used climate
classification system worldwide (5) and also provides
projected maps for future climate shifts, making this system ideal as a global systematic framework for tracking
the climates of pathogen detection. We, therefore, propose the use of the Köppen-Geiger system, as opposed to
either of the overgeneralized solar definitions, for the sake
of precision and consistency across global records when
characterizing pathogen detection areas.
One limitation of our study was dependence on the
reporting of environmental C. gattii samples in the English
language peer-reviewed literature. As a result, our findings are an underrepresentation of the full global extent
of C. gattii s.l. in the environment. Other evidence exists
for the emergence of C. gattii s.l. in temperate climates
before 1999. For example, in addition to the environmental isolations made in Busselton, Western Australia, Australia (9), in 1993, multiple C. gattii infections in animals
were reported in southwestern Australia, including Perth,
before 1999 (14). Both Busselton and Perth fall within a
temperate Köppen-Geiger climate (5) (Figure 1). Another
limitation was variability in the descriptions of pathogen
detection areas. For example, some studies provided the

exact coordinates of C. gattii sampling, and others provided a park or city name. Providing the exact coordinates
offers the greatest certainty of a detection location and better precision in climate classification.
By using C. gattii s.l. as an example for mapping
georeferenced pathogen isolations worldwide, we demonstrated the opportunity to improve pathogen monitoring
through the development of a standardized global climate
classification framework. Using more spatially specific climate classification methods, such as the Köppen-Geiger
system used by medical geographers, coupled with the
continued reporting of pathogen isolation locations, will
improve comparability of pathogen detection in new natural environments.
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Cluster of Nasal Rhinosporidiosis,
Eastern Province, Rwanda
Annie I. Izimukwiye, Djibril Mbarushimana,
Marie C. Ndayisaba, Venerand Bigirimana,
Belson Rugwizangoga, Alvaro C. Laga
We report 4 recent cases of nasal rhinosporidiosis in Rwanda. All patients were boys or young men living in the same
district (Gatsibo District, Eastern Province), suggesting a
reservoir in the area. The recent reemergence of rhinosporidiosis in Rwanda might reflect increased availability of diagnostic services rather than emerging disease.

R

hinosporidiosis is a tropical disease of the mucous
membranes (and, in rare cases, the skin or internal
organs) caused by Rhinosporidium seeberi, an enigmatic
microorganism of disputed taxonomy (1–3). R. seeberi has
not been isolated from the environment and has no known
natural host or reservoir; consequently, it has been difficult
to classify. Originally considered to be a protozoan and subsequently a fungus, R. seeberi is currently classified as an
aquatic mesomycetazoan (“between fungi and animals”),
on the basis of phylogenetic analysis of 18S rDNA (1–3).
Originally described in Argentina in 1900 (4), rhinosporidiosis is most prevalent in India and Sri Lanka, followed by countries in South America and Africa (5). In Africa, rhinosporidiosis has been documented in Cameroon,
Democratic Republic of the Congo, Côte d’Ivoire, Kenya,
Malawi, South Africa, Tanzania, Uganda, and Zambia,
predominantly as conjunctival disease (6–12). One previous report documented 3 cases of rhinosporidiosis in
Rwanda: 2 in the nose (in a 60-year-old man in 1975 and
in a 16-year-old young woman in 1977) and 1 in the conjunctiva (in a 3-year-old boy in 1986) (13). We report 4
recent cases of nasal rhinosporidiosis diagnosed by using
histopathologic methods at the University Central Hospital
of Kigali (CHUK) in Kigali, Rwanda.
The Study
We conducted a retrospective search for the period
2016–2013. We confirmed histopathologic diagnosis by
Author affiliations: University Central Hospital of Kigali, Kigali,
Rwanda (A.I. Izimukwiye, D. Mbarushimana, M.C. Ndayisaba,
V. Bigirimana, B. Rugwizangoga); Brigham and Women’s
Hospital and Harvard Medical School, Boston, Massachusetts,
USA (A.C. Laga)
DOI: https://doi.org/10.3201/eid2509.190021

identification of characteristic structures (e.g., sporangia containing endoconidia) on hematoxylin and eosin–
stained sections. For 2 cases, we obtained periodic acid–
Schiff and Grocott methenamine silver stains for further
characterization. For each case, patient age, sex, place of
residence, clinical signs and symptoms, and year of diagnosis were recorded.
We identified 4 cases of rhinosporidiosis (Table). The
diagnosis was not suspected on clinical grounds. In keeping with previous studies, all patients were young boys and
teenagers (7–15 years of age) who had nasal obstruction
and a friable mass that bled on touch. Symptoms lasted
from 2 months to 4 years (median 8.5 months) and consisted of epistaxis and sensation of mass but no discharge,
pain, or pruritus. (8,10,11,13). All patients were treated by
excisional biopsy, and the diagnosis was made by using
histopathologic methods. All 4 patients received nonsteroidal antiinflammatory drugs for symptomatic relief before
and after surgery but not antimicrobial therapy. After an
early recurrence treated by reexcision (case 3 [Table]), all
patients were free of disease at 36 months after excision.
All patients lived in the same region (Eastern Province)
of Rwanda, and 3 of them lived in the same village (in
Gatsibo District). Two cases were diagnosed in 2014, 1 in
2015, and 1 in 2016. No additional cases have been documented since.
All biopsies showed numerous sporangia (juvenile,
immature, and mature forms) and prominent lymphoplasmacytic inflammation with eosinophils, but no granulomas were detected (Figure, panel A). Juvenile sporangia
measured 10–70 µm and contained a single nucleus with
prominent nucleoli, granular cytoplasm, and well-defined
cell walls (Figure, panel B). Immature (intermediate) sporangia measured 80–150 µm, contained several nuclei,
and had granular cytoplasm and thicker cell walls. Mature
sporangia measured up to 400 µm and contained hundreds
of immature and mature endoconidia enveloped by thin
cell walls (Figure, panel C). Some showed large pores
(10–20 µm, best visualized on Grocott methenamine silver stain) in direct apposition with mature endoconidia
(Figure, panel D).
The main histologic differential diagnosis for rhinosporidiosis is coccidioidomycosis, a fungal disease only
found in the dry areas of the Americas (endemic in California and Arizona, USA; Mexico; and Central and South
America). The spherules of Coccidioides immitis measure
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Table. Clinical summary of 4 patients with rhinosporidiosis, Eastern Province, Rwanda, 2014–2016
Case Patient age,
District of
Method of
Year of
no.
y/sex
Signs and symptoms
residence
diagnosis diagnosis
Treatment and outcome
1
7/M
Nasal bleeding and obstruction for 5
Gatsibo
Punch
2014
Excision; no recurrence at last
mo; reddish mass on right nasal
biopsy
follow-up (4 y)
cavity, adherent to lateral wall;
bleeding on touch
2
15/M
Nasal blockage with sensation of
Gatsibo
Excisional
2014
Excision; no recurrence at last
nasal mass for 2 mo; vascularized
biopsy
follow-up (4 y)
mass; bleeding on touch
3
13/M
Nasal blockage for 12 mo; mobile,
Gatsibo
Punch
2015
Excision; recurrence 3 mo after
expansile, nontender mass on right
biopsy
diagnosis; reexcision with no
nostril; bleeding on touch
recurrence at last follow-up (3.5 y)
4
12/M
Progressive nasal blockage for 4 y;
Kirehe
Excisional
2016
Excision; no recurrence at last follow
soft mass in left nostril attached to
biopsy
up (3 y)
the septum; bleeding on touch

30–60 µm and contain uniform endospores of similar size
(Figure, panel C, inset). In contrast, the sporangia of R. seeberi are much larger (100–400 µm) and contain variably
sized endospores, ranging from small, hyperchromic forms
to larger forms (7 µm).
We have documented a small cluster of nasal rhinosporidiosis occurring during a 2-year period in Rwanda.
Rhinosporidiosis was first documented in Rwanda in the
nasal passages of wild birds from Butare (then Astrida) in
1951, including a goose and a duck (14). The first 3 human
cases were reported from Rwanda by Gigase and Kestelyn in 1993 as part of a 13-patient case series (13). Two
Rwanda patients in this case series were part of a cohort
of 12 patients in whom nasal rhinosporidiosis was diagnosed in Antwerp, Belgium. These cases were identified in
a collection of ≈25,000 histologic specimens obtained from
developing tropical countries during 1966–1988. The final
case included in that study was diagnosed in 1986 in the
Department of Ophthalmology at CHUK. That case was
the only case diagnosed in 11 years among the ≈80,000 outpatients with ophthalmologic signs and symptoms seen at
CHUK during that period (13). The remaining 10 patients
were from Burundi (n = 2), Tanzania (n = 4), Zaire (now

the Democratic Republic of the Congo) (n = 3), and Chad
(n = 1). In contrast to larger case series identified in Africa
(6–13), 2 of 3 previously reported cases (13) and all 4 of the
more recent cases involved nasal rather than conjunctival
disease. The contributing factors, if any, for onset of conjunctival versus nasal disease are not known and cannot be
determined from our data.
Independent observations that rhinosporidiosis is
epidemiologically associated with exposure to water, the
placement of R. seeberi in a clade of aquatic parasites by
molecular analysis, and the fact that watery substances facilitate the release of mature endoconidia from the sporangium (14) suggest that the natural niche of R. seeberi is
water. Although the source of infection in the cohort we
report cannot be determined from this study, the geographic clustering of cases suggests a possible reservoir of R.
seeberi in the Eastern Province of Rwanda, given that all
patients are native to that region and have no history of
travel. Multiple water reservoirs and lakes exist in eastern
Rwanda; Lake Muhazi is closest to Gatisbo District and
Lake Cyambwe closest to Kirehe District, and the Kagera
River runs nearby. In a previous study documenting 3 cases
of rhinosporidioisis in Rwanda, the authors state that the

Figure. Histopathologic characteristics of rhinosporidiosis, Eastern Province, Rwanda, 2014–2016. A) At scanning magnification,
multiple cystic structures (sporangia) of variable sizes are embedded in respiratory mucosa in a background of mononuclear
inflammation (hematoxylin and eosin [H&E] stain; original magnification ×40). B) R. seeberi early juvenile sporangium, with a welldelimited cell wall, granular cytoplasm, and reddish nucleus with prominent nucleolus, characteristic of this stage (H&E stain; original
magnification ×400). C) R. seeberi mature sporangium. Maturation of the endoconidia occurs from the periphery to the center of the cyst
(H&E stain; original magnification ×600). Inset shows the spherules of coccidioides are smaller (up to 80 μm) and contain endospores of
similar size, which appear as clear vacuoles (arrow) on stained sections (H&E stain; original magnification ×600). D) Both the cyst wall
and endospores stain with the methenamine silver reaction, with discontinuity of the cyst wall at the upper pole, corresponding to the
cyst pore zone (Grocott methenamine silver; original magnification ×400).
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cases “were native to the country, and as far as could be
ascertained, native from places near the reference hospital”
(13). However, no information about the place of origin or
residence of those patients is available.
The somewhat contemporaneous appearance of the
cases we describe probably reflects the availability of diagnostic services, rather than a newly emerging disease.
Until recently, anatomic pathology services were scarce in
Rwanda. In October 2013, the anatomic pathology laboratory at CHUK restarted operations after many years, which
is probably a major factor in detecting these cases; no other
diagnostic test for the disease exists. A study by Jones et al.
(15) found high spatial reporting bias for emerging infectious diseases, reflective of increased surveillance and infectious disease research in developed countries of Europe,
North America, Australia, and parts of Asia compared with
developing regions, including tropical Africa, despite the
greater risk for emerging infectious disease in hotspots attributable to zoonotic pathogens from wildlife and vectorborne pathogens (15).
Conclusions
We document a cluster of nasal rhinosporidiosis in eastern
Rwanda. Clinicians and pathologists in Rwanda should be
aware of this diagnosis because it might simulate a neoplasm and the disease is easily treatable. Although these
findings might represent an emerging disease, the recent
increase in availability of diagnostic pathology services
probably played a major role in their identification.
About the Author
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Use of Human Intestinal Enteroids to
Detect Human Norovirus Infectivity

Martin Chi-Wai Chan, Sarah K.C. Cheung,
Kirran N. Mohammad, Jenny C.M. Chan,
Mary K. Estes, Paul K.S. Chan
Tools to detect human norovirus infectivity have been lacking. Using human intestinal enteroid cultures inoculated
with GII.Pe-GII.4 Sydney–infected fecal samples, we determined that a real-time reverse transcription PCR cycle
threshold cutoff of 30 may indicate infectious norovirus. This
finding could be used to help guide infection control.

H

uman norovirus accounts for 18% of acute gastroenteritis cases worldwide (1). Molecular nucleic acid
tests, such as real-time reverse transcription PCR (rRTPCR), are widely used for laboratory diagnosis of norovirus RNA in clinical samples (2). These molecular assays
are virus specific and their analytical sensitivity is high, but
they cannot distinguish between infectious and noninfectious viruses. To study the correlation between viral load
measured by rRT-PCR and virus infectivity, we used a recently developed human intestinal enteroid (HIE) culture
system (cultures that contain multiple intestinal epithelial
cell types) for human norovirus. Ethics approval for this
study was obtained from the Joint Chinese University of
Hong Kong–New Territories East Cluster Clinical Research Ethics Committee (reference no. 2016.516).
The Study
We examined the infectivity of human pandemic norovirus genogroup II genotype 4 (GII.Pe-GII.4 Sydney)
strains at different inoculating levels by using the adult
stem cell–derived HIE line J2 as described previously (3).
We seeded enteroid monolayers on 96-well cell culture
plates at a density of 6–8 × 104 cells/well and maintained
them in differentiation media for 5 days before being inoculated with norovirus. We used fecal samples from 3
norovirus-positive children and from adults in our norovirus surveillance program in Hong Kong (4). We prepared 1% fecal suspensions and filtered them once by
Author affiliations: The Chinese University of Hong Kong, Hong
Kong, China (M.C.-W. Chan, S.K.C. Cheung, K.N. Mohammad,
J.C.M. Chan, P.K.S. Chan); Baylor College of Medicine, Houston,
Texas, USA (M.K. Estes)
DOI: https://doi.org/10.3201/eid2509.190205
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using 0.22-µm centrifugal filters, then prepared 3-fold
serial dilutions of fecal filtrates in infection medium and
stored them at -70°C in multiple aliquots for single use.
These dilutions mimicked a broad range of cycle threshold (Ct) values of a widely used diagnostic rRT-PCR to
represent high to very low norovirus levels (5). We used
33 µL of each dilution of fecal filtrate (brought to 100
µL in infection medium) for inoculation of each dilution
and performed all virus inoculation steps and downstream
cell cultures on enteroids with <20 passages in the presence of bile acid (glycochenodeoxycholic acid). We measured norovirus RNA levels in supernatant at 1, 24, and
72 h after inoculation by using rRT-PCR with a 10-fold
serially diluted standard of in vitro–transcribed norovirus
RNA. We considered a >10-fold increase in RNA level
at 72 h after inoculation from baseline (1 h after inoculation) to indicate productive viral replication and to confirm the presence of infectious virus. We also subjected
fecal filtrate dilutions to norovirus antigen detection by
use of the Food and Drug Administration–cleared commercial RIDASCREEN Norovirus 3rd Generation EIA
(R-Biopharm AG, https://clinical.r-biopharm.com), according to the manufacturer’s instructions. We used the
same amount of fecal filtrate for inoculation into HIE and
EIA measurement and compared the analytical sensitivity
of HIE and EIA.
We selected 3 strains of norovirus GII.Pe-GII.4 Sydney, and all replicated productively in HIE line J2; the
maximum fold increase of norovirus RNA ranged from 120
(2.1 log10) to 45,793 (4.7 log10). Higher levels of replication
were obtained from fecal samples from adults (Figure 1).
We identified no virus replication when cells were inoculated with fecal filtrate dilutions with Ct >30. The Ct values
of the inoculating virus dilution that exhibited a transition
from a positive-to-negative enteroid culture result (i.e.,
having a 10-fold RNA increase) were 27.7, 29.0, and 30.0
for each of the 3 strains. By using linear regression analysis on pooled data of the 3 strains, we estimated that a Ct
cutoff of <30.1 in inoculating fecal filtrates would indicate
the ability to generate productive norovirus GII.Pe-GII.4
Sydney replication (i.e., containing infectious norovirus)
(Figure 2).
From 2014 through 2018, a total of 114 (6.5%) of 1,754
norovirus-positive fecal samples from patients admitted to
the Prince of Wales Hospital, Sha Tin, Hong Kong, with
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Figure 1. Performance of a human intestinal enteroid (HIE) line and an antigen-based enzyme immunoassay (EIA) to detect human
norovirus in clinical fecal samples from 3 patients in Hong Kong. Replication kinetics of 3 human pandemic norovirus genogroup II
genotype 4 (GII.Pe-GII.4 Sydney) strains (CUHK-NS-1030, from a 1-year-old boy; CUHK-NS-1127, from a 79-year-old man; CUHKNS-1499, from a 46-year-old man) were tested in a monolayer culture of the adult stem cell–derived HIE line J2. We used 3-fold serial
dilutions of norovirus-containing fecal filtrates to challenge J2 seeded on 96-well cell culture plates. Norovirus RNA levels in the culture
supernatant at the indicated times were measured by rRT-PCR by using a 10-fold serially diluted standard of in vitro–transcribed
norovirus RNA of genotype GII.Pe-GII.4 Sydney. Horizontal dotted lines denote the lower limit of detection of the rRT-PCR (13.8 RNA
copies/reaction or 110 RNA copies/well) as determined by probit analysis. Samples with undetectable norovirus RNA were arbitrarily
assigned a value equal to half of the lower limit of detection for calculation purpose. To convert the unit from RNA copies/well to RNA
copies/mL, multiply the value by a factor of 10. hpi, hours postinoculation; rRT-PCR, real-time reverse transcription PCR.

acute gastroenteritis had Ct values >30 (Ct median 17.8; interquartile range 14.8–22.3; range 5.5–39.2). Among the
1,579 (90.0%) genotyped samples, the proportion of GII.4
was 49.1%; other GII, 44.8%; GI, 5.2%; and co-infections
with >1 norovirus capsid genotype, 0.9%. Analytical sensitivity of virus replication in HIEs for measuring moderate
norovirus shedding was higher than that of EIA by being
able to detect infectious virus in fecal filtrate dilutions with
Ct values of 25–30 (Table).

Conclusions
The limitations of highly sensitive molecular nucleic acid
tests and the clinical value of proving virus infectivity
were demonstrated in a recent study of Zika virus infection that found that the virus could be detected by culturing samples with high viral RNA levels only (6). For
human norovirus, laboratory tools to detect its infectivity
have been lacking. Recent technologic advancement in
culturing human norovirus in HIE provides a chance to
Figure 2. Estimation of a cutoff for rRT-PCR Ct value of inoculating
fecal filtrate indicative of the ability to generate productive norovirus
replication (i.e., containing infectious norovirus) in a human intestinal
enteroid (HIE) line. We tested 3 strains of pandemic human norovirus
genogroup II genotype 4 (GII.Pe-GII.4 Sydney) (CUHK-NS-1030,
from a 1-year-old boy; CUHK-NS-1127, from a 79-year-old man;
CUHK-NS-1499, from a 46-year-old man). We used 3-fold serial
dilutions of norovirus-containing fecal filtrates to inoculate a monolayer
culture of the adult stem cell–derived HIE line J2 seeded on 96-well
cell culture plates. Productive norovirus replication was defined as
having a supernatant viral RNA level increase of >10-fold at 72 hpi
from baseline (1 hpi) (horizontal dotted line). RNA fold change data
were derived from those shown in Figure 1 and were arbitrarily
defined as 1 for those without observable viral RNA replication. For
each strain, only the first dilution that resulted in undetectable viral
RNA is shown and was included in downstream data analysis. The
diagonal gray line denotes the best-fit line from linear regression,
and the equation is Y = –0.2818X + 9.47, where Y represents RNA
fold change and X represents Ct value. The black arrow specifies
a Ct cutoff of 30.1 of inoculating fecal filtrate that yields productive
norovirus replication as estimated from regression analysis. Ct, cycle
threshold; CUHK, Chinese University of Hong Kong; hpi, hours
postinoculation; rRT-PCR, real-time reverse transcription PCR.
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Table. Comparison of rRT-PCR, HIE, and EIA used to detect human norovirus in samples from 3 patients in Hong Kong*
Isolate†
Fold dilution of 1% fecal filtrate
rRT-PCR Ct
HIE (fold change at 72 hpi)
CUHK-NS-1030
3
20.9
+ (120)
9
22.5
+ (331)
27
27.2
+ (85)
81
28.8
+ (23)
243
30.5
– (ND)
729
32.8
– (ND)
CUHK-NS-1127
3
20.3
+ (4,362)
9
22.4
+ (1,436)
27
25.2
+ (781)
81
25.8
+ (200)
243
26.0
+ (43)
729
29.4
+ (61)
2,187
31.8
– (ND)
CUHK-NS-1499
3
25.2
+ (45,793)
9
25.5
+ (1,587)
27
26.5
+ (1,094)
81
28.4
– (ND)
243
30.1
– (ND)

EIA
+
+/–
–
–
–
–
+
+
+
–
–
–
–
+
+
–
–
–

*Results for HIE line J2 and the antigen-based RIDASCREEN Norovirus 3rd Generation EIA (R-Biopharm AG, https://clinical.r-biopharm.com) were
compared with the rRT-PCR that had been widely used as a standard for clinical diagnostics of norovirus infections. The same amount of fecal filtrate was
used in HIE line J2 inoculation and EIA measurement at the indicated dilutions. In HIE, numbers indicated fold changes of norovirus RNA level in culture
supernatant at 72 hpi from baseline (1 hpi); an increase of >10-fold was used to confirm the presence of infectious norovirus. Ct, cycle threshold; CUHK,
Chinese University of Hong Kong; EIA, enzyme immunoassay; HIE, human intestinal enteroid; hpi, hours postinoculation; ND, not detectable; rRT-PCR,
real-time reverse transcription PCR; +, positive as defined for each assay; –, negative as defined for each assay; +/–, equivocal as defined according to
the manufacturer’s instructions of the EIA.
†CUHK-NS-1030, from a 1-year-old boy; CUHK-NS-1127, from a 79-year-old man; CUHK-NS-1499, from a 46-year-old man.

examine norovirus infectivity in laboratory settings (3).
Using pandemic norovirus GII.Pe-GII.4 Sydney strains,
we showed that the most sensitive method for detecting
human norovirus was rRT-PCR, followed by HIE infection; EIA was the least sensitive. We experimentally determined that norovirus inocula with Ct <30 can robustly
yield productive virus replication in HIE, suggesting the
presence of infectious virus. This value concurs with findings of a study that proposed an optimal Ct cutoff of 31
when attributing a disease to norovirus by comparing
between symptomatic and asymptomatic cases (7). Our
findings imply that a small proportion (≈6.5%) of patients
shedding low levels of norovirus RNA (Ct >30) may not
be infectious.
In an experimental human volunteer challenge study
with norovirus GII.4, low levels of viral RNA shedding
were found 10 days after challenge (8). HIE infection
can now be used to reevaluate archived samples to better
define parameters that would correlate with the infectious period of norovirus gastroenteritis to guide infection control. Of note, in a meta-analysis, the prevalence
of norovirus RNA shedding from asymptomatic patients
was estimated to be ≈9% (9). Moreover, in a large-scale
study of outbreak data from CaliciNet (https://www.cdc.
gov/norovirus/reporting/calicinet/index.html), a national norovirus surveillance network in the United States,
the median Ct value among asymptomatic patients was
28 (10). We hypothesize that a substantial proportion of
asymptomatic patients are shedding infectious norovirus and that their role in spreading the virus merits our
attention. We have shown that high levels of norovirus
1732

replication can be achieved from fecal samples of adults,
not just young children, in HIE cultures (11).
The use of a fixed Ct cutoff in clinical context needs
to be interpreted with caution. First, neither a standardized
protocol to perform rRT-PCRs nor a World Health Organization International Standard for norovirus is available to
harmonize assay variability across laboratories worldwide.
Differences in recovery among nucleic acid extraction
methods may further complicate reproducible determination of Ct values. Second, virus culture systems in cell lines
generally lack sensitivity (12), and that of HIE remains unknown. However, it is probably not optimal because input
genome equivalents for norovirus to achieve replication
are not extremely low (50% infectious dose 4.4 × 102 to
2.1 × 103 copies/well) (3,11). It is possible that samples
with Ct >30 might still contain infectious virus and that low
amounts of replicating norovirus would only be detected
with further serial propagation of the virus. Third, norovirus replication varies between samples and virus genotypes
in HIE culture (11).
In summary, we demonstrate that a Ct cutoff of 30 for
a widely used clinical diagnostic rRT-PCR can indicate the
presence of infectious GII.Pe-GII.4 Sydney norovirus in an
HIE culture model. Patients shedding low levels of norovirus RNA may not be infectious, which should be considered both for estimation of attributable norovirus burden
and for clinical management of viral gastroenteritis.
This work was supported in part by the Hong Kong Research
Grants Council (to M.C.-W.C.; reference no. 14162217), a seed
fund for gut microbiota research by the Faculty of Medicine of
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Vaccine Effectiveness against DS-1–Like
Rotavirus Strains in Infants with Acute
Gastroenteritis, Malawi, 2013–2015

Khuzwayo C. Jere, Naor Bar-Zeev,
Adams Chande, Aisleen Bennett, Louisa Pollock,
Pedro F. Sanchez-Lopez, Osamu Nakagomi,
Jacqueline E. Tate, Umesh D. Parashar,
Robert S. Heyderman, Neil French,
Miren Iturriza-Gomara,1 Nigel A. Cunliffe1
Atypical DS-1–like G1P[8] rotaviruses emerged in 2013 in
Malawi after rotavirus vaccine introduction. Vaccine effectiveness among infants hospitalized with acute DS-1–like
G1P[8] rotavirus gastroenteritis was 85.6% (95% CI 34.4%–
96.8%). These findings suggest that vaccine provides protection against these strains despite their emergence coinciding with vaccine introduction.

R

otavirus remains a major cause of severe dehydration,
diarrhea, and death among children <5 years of age
in many low-income countries. After the introduction of
Rotarix (Glaxo SmithKline, https://www.gsksource.com)
rotavirus vaccine into Malawi’s immunization schedule in
October 2012, enhanced surveillance combined with case–
control studies have described the substantial population
impact and effectiveness of Rotarix on hospitalized rotavirus disease and diarrheal deaths (1,2).
Both of the globally available rotavirus vaccines,
Rotarix and RotaTeq (Merck & Co., https://www.merckvaccines.com), have been shown to protect against
rotaviruses with a broad range of G and P types, as defined by the 2 viral outer-capsid proteins (3,4). A wholeAuthor affiliations: University of Malawi, Blantyre, Malawi
(K.C. Jere); Malawi-Liverpool-Wellcome Trust Clinical Research
Programme, Blantyre (K.C. Jere, N. Bar-Zeev, A. Chande,
A. Bennett, L. Pollock, R.S. Heyderman, N. French,
M. Iturriza-Gomara); University of Liverpool, Liverpool, UK
(K.C. Jere, N. Bar-Zeev, A. Bennett, L. Pollock, N. French,
M. Iturriza-Gomara, N.A. Cunliffe); Johns Hopkins Bloomberg
School of Public Health, Baltimore, Maryland, USA
(N. Bar-Zeev); University of Murcia, Murcia, Spain
(P.F. Sanchez-Lopez); Nagasaki University, Nagasaki, Japan
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Prevention, Atlanta, Georgia, USA (U.D. Parashar); University
College London, London, UK (R.S. Heyderman)
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genome classification system describes rotavirus strains
more completely by assigning genotypes to each of its 11
double-stranded RNA segments (5). Most rotavirus strains
contain either a Wa (G1-P[8]-I1-R1-C1-M1-A1-N1-T1E1-H1) or DS-1 (G2-P[4]-I2-R2-C2-M2-A2-N2-T2-E2H2) genotype constellation (6). Typically, G1P[8] strains,
including the Rotarix strain (RIX4414), possess a Wa-like
genetic backbone, whereas G2P[4] strains generally have
a DS-1–like genotype constellation (6). A switch in predominant rotavirus genotype from G1P[8] to G2P[4] after
Rotarix introduction has been described in various settings (7,8), and higher vaccine effectiveness (VE) against
G1P[8] strains has been described compared with G2P[4]
in some settings (2,9). It is not known whether these
changes in strain distribution and strain-specific differences in VE are related to differences in cross-protection
afforded by the outer capsid proteins (G and P type) or
to the distinct genetic backbones possessed by DS-1–like
strains and the Wa-like Rotarix strain.
Previously, we demonstrated that all G1P[8] strains detected before Rotarix introduction in Malawi had a Wa-like
genetic backbone (10). Shortly after Rotarix introduction,
atypical DS-1–like G1P[8] rotavirus strains were detected,
which provided an opportunity to examine whether emergence
of DS-1–like G1P[8] strains could be the result of reduced
protection afforded by the Wa-like G1P[8] Rotarix vaccine.
The Study
We used enzyme immunoassay (EIA) to detect rotaviruses in stool samples collected from children <5 years of
age with acute gastroenteritis at Queen Elisabeth Central
Hospital (QECH; Blantyre, Malawi) (2). We used reverse
transcription PCR to assign G and P genotypes to rotaviruspositive samples (10,11). Samples with sufficient volume
and containing G1 (n = 110), G2 (n = 64), or other (G4, G9,
or G12, n = 42) rotavirus strains were selected at random
during January 2013–December 2015.
We generated rotavirus whole-genome sequences
(WGS) using the HiSeq 2000 platform (Illumina Inc.,
https://www.illumina.com) as described previously (10).
We derived consensus sequences using Geneious (https://
www.geneious.com) and genotyped them using RotaC (http://rotac.regatools.be). All complete nucleotide
1
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sequences generated in this study were deposited into GenBank (12) (accession nos. MG181227–941).
We calculated rotavirus VE using logistic regression
to compare 2-dose versus 0-dose vaccination status among
hospitalized strain-specific rotavirus diarrhea case-patients
and concurrently hospitalized control patients with non–rotavirus-caused diarrhea, matched by age at admission. We
defined concurrency of controls for each endpoint (Table)
as any patient hospitalized for diarrhea who tested negative for rotavirus occurring in the same date range (between
the first and last hospitalized strain-specific case) in which
cases of strain-specific rotavirus were detected. We limited
VE analysis to infants <12 months of age because previous
analysis did not demonstrate statistically significant protection in the second year of life (VE 31.7%, 95% CI –140.6%
to 80.6%) (2). We obtained ethics approval from the National Health Sciences Research Committee, Malawi (867),
and the Research Ethics Committee of the University of
Liverpool, Liverpool, UK (000490).
Of 216 rotavirus strains sequenced, 114 (53%) had a
Wa-like and 88 (44%) a DS-1–like genotype constellation.
Among Wa-like strains, 72% were G1, <1% were G2, and
25% were G12. Of the DS-1–like strains, 31% were G1 and
69% were G2. Of the 110 G1 strains analyzed by WGS,
75% were Wa-like and 25% were DS-1–like. We detected
atypical G1 rotaviruses with DS-1–like genotype constellation in Malawi in 2013; their circulation peaked in 2014
and subsequently decreased in 2015 (<1%, 1/72) (Figure).
In logistic regression analysis adjusted for year of presentation, Rotarix effectiveness against DS-1–like G1P[8]
rotavirus was 85.6% (95% CI 34.4%–96.8%; p = 0.01). Effectiveness estimates against Wa-like G1 (VE 76.7%, 95%
CI –153.8% to 97.9%) and DS-1–like G2 (VE 48.5%, 95%
CI –154.3% to 89.6%) rotaviruses included wide bounds
and the null value (Table).
Conclusions
Atypical DS-1–like G1 rotavirus strains emerged in Malawi shortly after Rotarix vaccine introduction (10). Although strain oscillation and emergence of novel types
have been reported globally in the absence of vaccination,
the mechanisms driving this phenomenon are not well

understood. It is possible that the emergence of these
DS-1–like G1P[8] strains was coincidental with vaccine introduction. The high VE strongly suggests that escape from
vaccine-induced immunity is not the driver for emergence.
The swift decline in prevalence of these strains is in contrast with more sustained changes in strain circulation described in other settings in the context of high VE (13). The
decline could have been precipitated by the observed high
VE or may represent a natural phenomenon related to viral
fitness and associated periodic nature of the circulation of
the DS-1–like strains, which has been observed historically
and globally in the absence of vaccine. These findings support continued use of rotavirus vaccine in this population as
an intervention to reduce severe diarrhea caused by rotavirus strains possessing either Wa-like or DS-1–like genetic
backbones. The observed decline in rotavirus hospitalizations in children after vaccine introduction (2), together
with reduction in infant diarrhea deaths in Malawi (14),
are public health benefits that could be sustained through
rotavirus vaccination in this region, which has one of the
highest burdens of rotavirus disease.
The VE against DS-1–like G1P[8] strains in this study
resembles our previous findings of VE of 82% (95% CI
42%–95%) against all G1P[8] strains 3 years after vaccine
introduction (2013–2015) (2). In contrast, we were unable
to demonstrate statistically significant VE against DS-1–
like G2 rotaviruses despite a comparable number of such
strains, consistent with our earlier study (VE 45.9%, 95%
CI −47.0% to 80.1%; p = 0.228) (2). The apparently lower
VE against rotavirus disease caused by DS-1–like strains
associated with G2, but not with G1P[8], lends support to
the proposed dominant role of the outer capsid proteins VP7
and VP4 as drivers of homotypic protection. Although increasing evidence suggests that Rotarix vaccine does not
provide the same degree of protection against G2 strains as
G1 strains, this difference in protection appears to have little
effect on total VE among populations in which vaccination
performs optimally and high VE is maintained. However,
the difference in protection between the strains may exacerbate underperformance of rotavirus vaccines in low-resource
settings such as Malawi, where overall VE is generally lower
for reasons that remain poorly understood (2,15).

Table. Point estimates of vaccine effectiveness by rotavirus genotype constellation based on the complete genetic composition of
rotavirus strains, Blantyre, Malawi*
Sequenced strains from testAdjusted logistic regression for
positive case-patients†
Rotavirus test-negative controls
year of presentation
No.
No. known No. (%) 2No. known No. (%) 2Rotarix vaccine
tested
vaccine
dose
No.
vaccine
dose
effectiveness, %
Rotavirus strain type positive
status
vaccine
controls
status
vaccine
(95% CI)
p value
DS-1–like G1P[8]
13
13
10 (76.9)
426
410
365 (89)
85.6 (34.4–96.8)
0.01
DS-1–like G2
30
28
24 (85.7)
481
465
411 (88.4)
0.42
48.5 (154.3 to 89.6)
Wa-like G1
38
38
34 (89.5)
440
424
376 (88.7)
0.23
76.7 (153.8 to 97.9)
*Rotavirus strains detected at Queen Elisabeth Central Hospital during January 2013–December 2015. Case-patients were fully vaccinated infants <12
mo of age.
†Complete whole-genome sequences were generated.
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Figure. Monthly number of
rotavirus cases at Queen
Elisabeth Central Hospital,
Blantyre, Malawi. Numbers are
based on the presence of either
DS-1–like (A) or Wa-like (B)
constellation of rotavirus strains.

We could not demonstrate statistically significant effectiveness against Wa-like G1P[8] rotaviruses (p = 0.23).
Wa-like G1P[8] cases became dominant and replaced
DS-1–like G1P[8] once vaccine coverage had reached high
and stable levels (Figure). At high population vaccine coverage, case–control analysis of VE became challenging and
difficult to power sufficiently.
Our data demonstrate that Rotarix provides a high degree of protection against severe disease caused by homotypic G1P[8] rotaviruses in Malawi regardless of genomic backbone. VE for patients <1 year of age is comparable to that
seen in middle-income countries. The lower VE against heterotypic G2P[4] strains previously described (15) suggests
that more detailed immune response studies, clarification of
the correlates of protection for rotavirus disease, and strain
surveillance are needed to monitor the impact of sustained,
high vaccine coverage on rotavirus strain distribution.
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Rodent Host Abundance and Climate
Variability as Predictors of Tickborne
Disease Risk 1 Year in Advance

Emil Tkadlec, Tomáš Václavík, Pavel Široký
Using long-term data on incidences of Lyme disease and
tickborne encephalitis, we showed that the dynamics of
both diseases in central Europe are predictable from rodent
host densities and climate indices. Our approach offers a
simple and effective tool to predict a tickborne disease risk
1 year in advance.

I

n Europe, the generalist tick Ixodes ricinus is the principal vector transmitting tickborne pathogens to humans.
It has 3 blood-feeding stages, depending on small rodents,
such as voles and mice, as the chief reservoir hosts for
larval ticks (1). The development from larva to nymph
is a key aspect in pathogen transmission because the exposure to pathogens is most likely to happen at this stage
and therefore directly influences the density of infected
nymphs (2). Vole population densities change dramatically over time in intervals of 3–5 years (3), known as population cycles (4). As a result, the chances for questing larvae to encounter a host are expected to vary considerably
over time, along with vole population numbers. Investigations of direct relationships between abundance of ticks,
disease incidence, and host populations are rare, usually
targeting large mammals that provide a blood meal for
female adult ticks (5). Little is known about the effect of
rodent population dynamics on abundance of nymphal
ticks (6), and studies of the direct effects on disease risk
are even rarer (7,8).
We studied interannual variation in incidences of
2 tickborne diseases (TBDs), Lyme disease (LD) and
tick-borne encephalitis (TBE). We aimed to determine
if, as suggested by a previous work in North America
(8), disease risk is related to rodent abundance during
Author affiliations: Palacký University Olomouc, Olomouc,
Czech Republic (E. Tkadlec, T. Václavík); Institute of Vertebrate
Biology, Brno, Czech Republic (E. Tkadlec), UFZ–Helmholtz
Centre for Environmental Research, Leipzig, Germany
(T. Václavík); University of Veterinary and Pharmaceutical
Sciences Brno, Brno (P. Široký); Central European Institute of
Technology, Brno (P. Široký)
DOI: https://doi.org/10.3201/eid2509.190684
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the previous year. We also tested the hypothesis that
population outbreaks in the common vole (Microtus arvalis), along with favorable weather conditions, increase
survival of larval ticks and the abundance of nymphal
ticks in the following year, thereby resulting in higher
disease incidence.
The Study
We analyzed periods of 17–18 years to assess TBD incidences in 7 countries in central Europe (Figure 1; Appendix Figure 1, https://wwwnc.cdc.gov/EID/article/25/9/190684-App1.pdf). First, we computed the cross-correlations
between disease incidences, vole densities from the Czech
Republic, and climate variables to examine the degree of
synchrony among their dynamics. Second, we applied autoregressive linear models of order 0–2 to test whether the
predictive abilities of vole abundance in year t – 1 are supported by data (Appendix). Finally, we tested the influence
of climate indices that are known to affect tick ecology (9).
We used Akaike information criterion for small samples
to compare models. The effect included in the model was
considered to be strongly supported by data if the model
Akaike information criterion was reduced by >2. We obtained data on annual TBD incidences, vole abundance (autumn counts of burrow entrances per hectare), and climate
variability (North Atlantic oscillation [NAO] indices) from
public databases (Appendix).
LD incidences for 3 countries in central Europe fluctuated over time (Figure 2). Cross-correlation analysis revealed strong positive correlations between incidences in
the Czech Republic in year t and vole densities in t – 1
and negative correlations between the annual NAO index
in t – 1 (Appendix Figures 2–4). By fitting autoregressive
linear models, we found strong evidence that vole abundance in year t – 1 and the annual NAO index in t – 1 are
key to predicting LD incidences during year t in the Czech
Republic (Table 1); the final model predicted observed incidence with reasonable accuracy (Appendix Figure 5). LD
incidence increased with vole densities and decreased with
the annual NAO index (Appendix Figure 6).
TBE incidence from 7 countries fluctuated greatly
from year to year (Figure 2). Cross-correlations showed
that TBE incidence was strongly positively correlated with
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Figure 1. Countries in central
Europe where Lyme disease
and tickborne encephalitis
incidence were analyzed relative
to the common vole abundance
from the Czech Republic and
climate indices, 2000–2017,
and where we found evidence
for these external predictors.
LD, Lyme disease; TBE,
tickborne encephalitis.

vole density with a lag of 1 year for the Czech Republic,
Germany, and Slovenia (Appendix Figure 7). A lag of 1
year for the effect of the annual NAO index was negatively
correlated with TBE incidence in the Czech Republic and
Germany, whereas a 2-year lag was positively correlated
with TBE incidence in Germany and Austria (Appendix
Figure 8). Autoregressive linear models showed that including vole abundance from year t – 1 improved fit for the
Czech Republic, Germany, and Slovenia (Table 2). Adding
the effect of the annual NAO index in t – 1 to the model
improved the fit in the Czech Republic and Germany. The
effect of the annual NAO index in t – 2 produced better
predictive power for Austria. As a result, the best models
for TBE incidence in all 4 countries (Czech Republic, Germany, Slovenia, and Austria) included both host abundance
and climate effect. Incidence of both diseases fluctuated
over time in close synchrony, as revealed for the Czech Republic (correlation coefficient 0.71) and Poland (correlation
coefficient 0.70) (Appendix Figure 9).
Conclusions
For 4 of the 7 countries in Europe we studied, our results
show support for the hypothesis that incidence of 2 TBDs
should lag 1 year behind the rodent host density because
of the beneficial effect on survival of I. ricinus larvae (10).
Our results agree with evidence from North America that
the number of I. scapularis nymphs can be predicted by
small rodent density from the preceding year (7,8). In addition, acorn abundance was demonstrated to predict the
nymph densities equally well 2 years ahead (7,8). Hence,

results from North America indicated a complete causal
mechanism for variation in LD incidences over time, starting with abundant acorns in year t – 2, which increased the
population of rodents in year t – 1. High rodent density then
led to the increased number of nymphs in year t, resulting
in a greater disease incidence in humans. Our data support
this mechanism and suggest that the LD system in North
America based on I. scapularis and that in Europe based
on I. ricinus might be functionally quite similar, differing
primarily in the species involved, and that this mechanism
also applies to other tickborne diseases, such as TBE.
Unlike bank voles (Myodes glareolus) and Apodemus mice (2), the common vole occupying open farmland
habitats has never been regarded as the chief host for Ixodes larvae in central Europe, though it is well-known as a
competent host for pathogens and larval ticks (11,12). We
suggest 2 explanations for the role of this rodent in disease transmission. First, common voles can be encountered
frequently in forests or wetlands in peak years (13), when
their densities often exceed 2,000 voles/hectare. Thus, the
common vole can act as an amplifying host and contribute
substantially to the whole population of suitable hosts for
larval ticks. The voles’ irruptive population dynamics can
readily explain the upsurge in TBE disease prevalence observed in the Czech Republic in 2006, which occurred after
a massive population outbreak of voles during 2004–2005
(14). Second, population fluctuations of most rodent species are spatially synchronized across large geographic areas (15). Therefore, common vole abundance is a correlative measure for bank voles or mice.

Emerging Infectious Diseases • www.cdc.gov/eid • Vol. 25, No. 9, September 2019

1739

DISPATCHES

Figure 2. Dynamics of Lyme disease and tick-borne encephalitis incidences in countries
of central Europe during 2000–2017 plotted together with the dynamics of common vole
abundance (autumn counts of burrow entrances per hectare) in the Czech Republic. Lyme
disease incidence in the Czech Republic (A), Hungary (B), and Poland (C); tick-borne
encephalitis incidence in the Czech Republic (D), Germany (E), Austria (F), Slovenia (G),
Hungary (H), Slovakia (I), and Poland (J). Incidence was plotted together with the dynamics
of common vole numbers. Incidences and vole time series were Box–Cox transformed. All
variables were detrended by smoothing splines. A data point is missing in the time series of
incidence in Hungary. LD, Lyme disease; TBE, tick-borne encephalitis.

Our observation that the annual NAO index in t – 1 was
able to improve model fit is in agreement with known tick
ecology. A negative annual NAO index is generally associated with cold, snowy winters and moderate summers that
are wetter, which can help larval ticks conserve body water
and thus increase their survival to the nymphal stage (9). The
positive effect of the annual NAO index in t – 2 might signify
a generally warmer year that can be related to mast seeding
of trees, triggering the growth of rodent populations.
Some countries in central Europe, such as the Czech Republic, Germany, and Poland, have built programs to monitor common vole densities. These data are stored in public
electronic databases and thus can be used readily for predicting TBDs, using the methods we describe.
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Table 1. Differences in AIC from the best model for Lyme
disease incidences as modeled by AR linear models of order 0–2
with vole abundance and annual NAO index as external
predictors, 3 countries in central Europe, 2000–2017*
Order of AR model
Country and model structure
0
1
2
Czech Republic
Pure AR model
4.1
3.2
5.0
Volest–1
2.9
2.6
4.9
NAO annual indext–1
2.8
3.2
3.7
Volest–1 + NAO annual indext–1
0.0
1.3
2.2
Hungary
Pure AR model
0.0
3.2
4.6
Volest–1
0.0
2.1
5.6
NAO annual indext–1
3.3
7.2
6.5
Volest–1 + NAO annual indext–1
4.1
7.0
12.0
Poland
Pure AR model
0.4
0.0
1.6
Volest–1
3.1
3.5
4.8
NAO annual indext–2
0.3
0.1
2.3
Volest–1 + NAO annual indext–2
3.9
4.5
6.5

*AIC, Akaike information criterion; AR, autoregressive; NAO, North Atlantic
oscillation.

Table 2. Differences in AIC from the best model for tick-borne
encephalitis as modeled by AR linear models of order 0–2 with
vole abundance and annual NAO index as external predictors, 7
countries in central Europe, 2000–2017*
Order of AR model
Country and model structure
0
1
2
Czech Republic
Pure AR model
4.5
7.4
10.6
Volest–1
2.8
6.0
10.1
NAO annual indext–1
3.4
6.8
8.1
Volest–1 + NAO annual indext–1
0.0
3.5
7.5
Germany
Pure AR model
6.0
7.2
9.2
Volest–1
3.6
6.4
10.1
NAO annual indext–1
4.8
7.6
9.7
Volest–1 + NAO annual indext–1
0.0
3.8
7.1
Austria
Pure AR model
5.3
6.5
9.1
Volest–2
5.8
7.3
9.3
NAO annual indext–2
5.8
4.1
7.0
Volest–2 + NAO annual indext–2
0.0
3.5
5.7
Slovenia
Pure AR model
3.8
5.2
5.7
Volest–1
0.2
3.3
5.8
NAO annual indext–1
5.2
5.9
3.7
Volest–1 + NAO annual indext–1
0.0
3.2
4.2
Hungary
Pure AR model
0.0
3.2
4.6
Volest–2
0.0
2.1
5.6
NAO annual indext–1
3.3
7.2
6.5
Volest–2 + NAO annual indext–1
4.1
7.0
12.0
Slovakia
Pure AR model
1.2
0.0
3.0
Volest–1
3.5
3.4
7.1
NAO annual indext–1
3.3
1.3
3.0
Volest–1 + NAO annual indext–1
6.1
5.4
8.1
Poland
Pure AR model
0.0
1.7
2.0
Volest–1
2.8
4.2
5.8
NAO annual indext–2
2.3
4.2
6.3
Volest–1 + NAO annual indext–2
5.2
6.7
8.2

*AIC, Akaike information criterion; AR, autoregressive; NAO, North Atlantic
oscillation.
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Delays in Coccidioidomycosis Diagnosis
and Relationship to Healthcare Utilization,
Phoenix, Arizona, USA1

Rachel Ginn, Ralph Mohty, KeriLyn Bollmann,
Jessica Goodsell, Guillermo Mendez,
Barrie Bradley, John N. Galgiani
We developed an electronic records methodology to programmatically estimate the date of first appearance of coccidioidomycosis symptoms in patients. We compared the
diagnostic delay with overall healthcare utilization charges.
Many patients (46%) had delays in diagnosis of >1 month.
Billed healthcare charges before diagnosis increased with
length of delay.

C

occidioidomycosis (also known as Valley fever) is an
endemic fungal infection (1,2). In Arizona, USA, it
is responsible for one quarter of all community-acquired
pneumonia (CAP) (3,4). Although accurate diagnosis requires specific laboratory tests (5), such testing was only
ordered in <13% of patients with CAP in Phoenix, Arizona
(6), raising the possibility that delays in accurate diagnosis
might be extensive. We report a retrospective analysis from
the coccidioidomycosis-endemic region of Phoenix to estimate diagnostic delays and healthcare utilization before
and after a coccidioidal diagnosis was confirmed.
The Study
This study focused on cases recorded at clinics operated
by Banner Health in the Phoenix area, using programmatic use of data from NextGen (https://www.nextgen.com).
This electronic medical record system was used during
the study period by most of Banner Health’s clinics but
not its hospitals. We programmatically searched the system for all patients >18 years of age who were seen from
January 1, 2011, through December 31, 2014, whose
records showed codes from the International Classification of Diseases, 9th Revision (ICD-9), that indicated
Author affiliations: Banner Health Corporation, Phoenix, Arizona,
USA (R. Ginn, J. Goodsell, G. Mendez, B. Bradley); University
of Arizona College of Medicine—Phoenix, Phoenix (R. Mohty,
K. Bollmann, J.N. Galgiani); Banner University Medical Center–
Phoenix, Phoenix (K.L. Bollmann, J.N. Galgiani); University of
Arizona College of Medicine—Tucson, Tucson, Arizona, USA
(J.N. Galgiani)
DOI: https://doi.org/10.3201/eid2509.190019
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coccidioidomycosis (114.*). The earliest diagnosis of
coccidioidomycosis served as the diagnosis date for each
patient. We excluded patients with a coccidioidomycosis diagnosis in 2011 who also had a coccidioidomycosis
diagnosis in the prior 12 months. We corroborated all diagnoses by a programmatic identification of any positive
coccidioidal serologic test result (5) <30 days before or
>60 days after the date of diagnosis.
To estimate the date when patients first sought medical
attention for their illness, we used a set of ICD-9 codes that
represented an expansion of codes previously associated
with early coccidioidal illnesses that were used in a Phase
I independent chart review of 37 patients performed by 2
physicians in training and an internist (7). For our study, an
internist and a medical student independently reviewed all
ICD-9 codes occurring 6 months before the coccidioidomycosis diagnosis and included only those that they both
judged to be similar to the original set from the previous
Phase I study. An infectious disease specialist settled cases
of nonconcordance. We removed 3 Phase I symptoms that
were deemed erroneous. This process resulted in a total of
121 ICD-9 codes (Appendix Table, https://wwwnc.cdc.
gov/EID/article/25/8/19-0019-App1.pdf). We defined the
date of first presentation (i.e., the date signs and symptoms
were first clinically noted) as the earliest record in which
>1 of the expanded ICD-9 codes were recorded, within 6
months before the diagnosis date. We calculated the delay
in diagnosis as the difference between the date of first presentation and the diagnosis date.
Healthcare charges represented total healthcare utilization. Billing data were available for ambulatory care
from NextGen and for Banner Health’s hospitalizations
from MedSeries4 (Siemens Medical Solutions USA, Inc.,
https://www.siemens.com). We defined healthcare utilization as the total charges, for any cause, from the date of
first visit to 6 months after the diagnosis date. We distinguished total charges from actual reimbursement amount
because the total is only 1 aspect of a complicated financial
billing system.
We used the SAS Enterprise Guide Software Suite
version 7.13 (SAS Institute Inc., https://www.sas.com) for
Preliminary results from this study were presented in part at the
62nd Annual Coccidioidomycosis Study Group Meeting, April 14,
2018, Flagstaff, Arizona, USA.
1
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data retrieval and analysis. The Banner Health Institutional
Review Board approved this study.
We identified newly diagnosed coccidioidal infections
in 139 patients. The mean patient age was 49.2 years (SD
+ 15.3 years) (Appendix Figure 1), and 52% of patients
were female.
The 3 most frequently occurring coccidioidal ICD-9
codes were unspecified (114.9, 47%), primary pulmonary
(114.0, 37%), and pulmonary unspecified (114.5, 8%) (Appendix Figure 2). Confirmatory serologic tests were recorded within 15 days before or after the date of diagnosis in
81% of patients (Appendix Figure 3).
The expanded set of ICD-9 codes failed to identify an
initial presentation date for 20 patients. Of the 119 patients
with an identified presentation date, 16 (13%) received a
diagnosis on the day of presentation, 24% within 1 week of
first presentation, 46% within 1 month, and 54% from 30
days to 6 months after presentation (Figure).
We queried total charges for all 139 patients from the
date of first visit (the coccidioidomycosis diagnosis date, if
no initial presentation date was available) until 6 months
after the diagnosis date. By cross-referencing patient identifiers, we found 66 (47%) patients to have hospitalization
billings, which were included in the total healthcare cost.
Median healthcare charges seemed to increase as diagnosis delays increased (Table). When we compared diagnosis delay to the log-normal of total charges, we found a
significant, positive, linear relationship for overall charges
(R2 = 0.07, p = 0.003), attributable to those occurring before (R2 = 0.16, p<0.0001) but not to those on or after the
diagnosis date (R2 = 0.01, p = 0.2748). Although we saw issues with data normality because of our small sample size,
we assumed normality for linear regression analysis (Appendix Figures 4–6).
Conclusions
For this retrospective study, we developed a set of ICD-9
codes to use as a surrogate indicator for the date coccidioidomycosis patients were first seen within Banner
Health clinics for signs or symptoms of their infection.
This list expanded on an initial set of codes discovered
through a manual chart review (7). Many of the codes
are common and are unlikely themselves to be predictive of diagnosis. Previous studies have been unable

Figure. Cumulative distribution of coccidioidomycosis patient
population in relation to diagnosis delay for cohort of patients
in Phoenix, Arizona, USA. At 30 days of delay, ≈55% of the
population had received a diagnosis.

to meaningfully distinguish presenting syndromes of
coccidioidomycosis in patients from other overlapping
etiologies (3,4,8). However, this code set was useful
to computationally establish the date of first healthcare
contact for these patients. If this analytic method is validated and perhaps improved in future studies, it could
allow for automated monitoring of diagnostic delay as a
metric of quality assessment, without the need for expert
chart review.
Of the 139 patients analyzed in this study, 20 did not
have an eligible ICD-9 code, and 16 others had their initial presentation code recorded on the same day as their
coccidioidomycosis diagnosis. Factors leading to these
problems might include failure of a clinician to record
sufficient diagnostic information or use of codes that are
not sufficiently comprehensive. Future studies could manually examine the full patient records to further expand
the code set. It is also possible that patients entered the
Banner Health electronic system with a diagnosis of coccidioidomycosis from elsewhere or that the coccidioidal
infection was truly without symptoms.
This investigation identified a prolonged diagnosis
delay for much of the population; 46% had a delay >1
month (Figure). With increased delays, total healthcare
charges increased substantially. However, this study was

Table. Median charges by monthly range of diagnostic delays before and after the date of coccidioidomycosis diagnosis for cohort of
patients in Phoenix, Arizona, USA*
Before diagnosis
After diagnosis
Combined
Time from presentation
No.
to diagnosis, mo
patients
Median
Total
Median
Total
Median
Total
<1
55
$373
$30,081
$637
$239,681
$749
$269,762
1–3
37
$791
$217,662
$2,707
$436,233
$2,492
$653,895
4–6
27
$915
$338,810
$1,199
$710,911
$2,680
$1,049,720
No recorded symptoms
20
NA
NA
$4,172
$854,597
$4,172
$854,597
Overall
139
$637
$586,553
$875
$2,241,422
$1,231
$2,827,974
*NA, not applicable.
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not limited to coccidioidomycosis-related charges; any
diagnosis delay could result in increased healthcare utilization, regardless of relationship to coccidioidomycosis. In addition, data gaps may have occurred because
of difficulty in cross-referencing identifiers or visits by
patients to a non-Banner facility. However, our findings are consistent with the simple concept that diagnostic delays in a protracted coccidioidal illness would
result in additional testing, visits, and possible use of
empiric antibacterial treatments until a precise diagnosis
is achieved.
Our study investigates only patients with confirmed
coccidioidomycosis and not patients who never received a
correct diagnosis. Previous studies indicate that appropriate
testing for coccidioidomycosis is often not done in Phoenix
and Tucson (6,9,10). Thus, the costs of delayed coccidioidal diagnosis probably underestimates the situation for this
clinical practice within a coccidioidomycosis-endemic region. A recent study of coccidioidomycosis diagnosed outside endemic regions also showed substantial delays (11),
making our research relevant to those with a recent travel
history to endemic regions.
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Delays in Coccidioidomycosis Diagnosis
and Associated Healthcare Utilization,
Tucson, Arizona, USA

Fariba M. Donovan, Patrick Wightman, Yue Zong,
Luke Gabe, Aneela Majeed, Tiffany Ynosencio,
Edward J. Bedrick, John N. Galgiani
Tucson, Arizona, USA, is a highly coccidioidomycosis-endemic area. We conducted a retrospective review of 815
patients in Tucson over 2.7 years. Of 276 patients with
coccidioidomycosis, 246 had a delay in diagnosis; median
delay was 23 days. Diagnosis delay was associated with
coccidioidomycosis-related costs totaling $589,053 and included extensive antibacterial drug use.

C

occidioidomycosis, also known as Valley fever, is a
fungal infection endemic to the southwestern United
States and Mexico (1); it typically manifests as a respiratory syndrome (2). Without specific laboratory confirmation, coccidioidomycosis cannot be distinguished from
community-acquired pneumonia (3,4). However, the
necessary tests are conducted for <13% of patients with
community-acquired pneumonia in urban Arizona ambulatory clinics (5) and 2.8% of patients in emergency
departments (6). Until coccidioidomycosis is correctly
diagnosed, patients are likely to receive unnecessary antibacterial drugs, laboratory tests, imaging, and invasive
procedures, all of which could contribute to unnecessary
costs and additional adverse health consequences. The
extent to which there is a delay in coccidioidomycosis
diagnosis and how much healthcare utilization occurs
with that delay is uncertain.
We report a retrospective study within metropolitan
Tucson, Arizona, USA, an area in which coccidioidomycosis is highly endemic, to determine the delay for patients
from the date when they first sought care to the date they
received a laboratory-confirmed coccidioidomycosis diagnosis. We also analyzed healthcare costs, efforts, and antibacterial drug use within that period.
Author affiliations: University of Arizona, Tucson, Arizona, USA
(F.M. Donovan, P. Wightman, L. Gabe, A. Majeed, T. Ynosencio,
E.J. Bedrick, J.N. Galgiani); Valley Fever Center for Excellence,
Tucson (F.M. Donovan, Y. Zong, J.N. Galgiani)
DOI: https://doi.org/10.3201/eid2509.190023

The Study
We conducted a retrospective review of medical charts
from January 1, 2015, through September 18, 2017, for
patients at Banner University Medical Center in Tucson
(BUMC-T). During this time, BUMC-T used the Epic
electronic medical record system (7). The University of
Arizona Health Sciences Clinical Data Warehouse (CDW;
https://cb2.uahs.arizona.edu/clinical-data-warehouse)
provided the information. Two physicians, an infectious
disease fellow (A.M.) and pulmonology clinical fellows
(L.G., T.Y.), independently reviewed charts with codes
114.*/B38.* from the International Classification of Diseases, 9th Revision (ICD-9) or 10th Revision (ICD-10).
We divided records into 2 cohorts and, when combined,
sampled the entire study period. Two different reviewers were assigned to each cohort. We excluded records
if coccidioidomycosis was diagnosed before the study,
if the ICD-9/10 coding was in error, if patient age was
<18 years, or if diagnosis was not confirmed by laboratory testing (2). For the remaining records, we determined
initial presentation date (i.e., the date signs and symptoms
were first clinically noted). We categorized presenting
syndromes by type: acute symptomatic pulmonary infection or immunologic response (rash, arthralgia, fatigue),
fibrocavitary chronic pulmonary infection, asymptomatic
pulmonary nodule, and extrapulmonary disseminated infection. The specimen collection date leading to laboratory confirmation was designated as the diagnosis date
and the time between initial evaluation and diagnosis date
as the diagnosis delay. Agreement between reviewers for
delay was 98% and 96.5% in the 2 cohorts; the lead investigator (F.M.D.) resolved discrepancies.
Within the range for diagnostic delay, we queried the
CDW for Healthcare Common Procedure Coding System/
Current Procedural Terminology (HCPCS/CPT) codes to
estimate total effort (i.e., all CPTs associated with each encounter). We used publicly available Medicare fee schedules assigning values to codes associated with charges.
These included the Physician Fee Schedule, Clinical Laboratory Fee Schedule (Arizona-specific), Payment Allowance for Medicare Part B Drugs, and the Durable Medical
Equipment, Prosthetics/Orthotics, and Supplies (DMEPOS) Fee Schedule. We used 2016 schedules to correspond
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with the last full year that Banner used Epic software and
to impose a uniform price scheme. We manually reviewed
each CPT code and tabulated costs related to coccidioidomycosis diagnosis; costs are presented in US dollars. The
University of Arizona institutional review board approved
this study.
We summarized categorical variables using counts and
percentages and summarized time to events and costs using medians and interquartile ranges (Figures 1, 2). We
showed total costs by disease category. We compared the
distributions of time to diagnosis and costs across coccidioidomycosis presentation categories using nonparametric
Kruskal-Wallis tests. We based pairwise comparisons of
groups on nonparametric Wilcoxon-Mann-Whitney tests
and CIs for differences in medians. We used a χ2 test to
compare percentages between groups. We conducted statistical analyses in R version 3.1 (https://www.r-statistics.
com/2014/11/r-3-1) and defined statistical significance
as p<0.05.
We reviewed a total of 815 electronic charts in 2 cohorts and excluded 539 (66%) of them (Appendix 1 Table
1, https://wwwnc.cdc.gov/EID/article/25/9/19-0023-App1.
pdf). Exclusions were for prior coccidioidomycosis (57%),
mistaken coding (11%), age <18 years (10%), and unconfirmed diagnosis (22%). Of 276 remaining cases, 126
(46%) were in female patients; average patient age was 55.5
years (SD + 18.4), and median age was 53.3 years. Disease
category distribution was acute symptomatic pulmonary
(63%), chronic pulmonary (8%), asymptomatic pulmonary nodule (17%), and disseminated infection (12%). We
found no significant difference (p = 0.38) between excluded
and included cases in the 2 cohorts.

We compiled cumulative distribution functions for
time to diagnosis (Figure 1). Differences in delay among
disease categories were not statistically significant (p =
0.14). Median delay was 23 days (95% CI 17–34), and 43%
of patients (95% CI 38–50) had a delay >1 month.
Of 276 patients, 30 (11%) received a coccidioidomycosis diagnosis at presentation (zero delay) and 12 of the 30
during hospital admission. Because hospitalization of these
12 either was not required for diagnosis or was required
for disease complication management, we excluded coccidioidomycosis-associated costs from the analysis. Of the
remaining 264 patients, 246 had delayed diagnosis of >1
day, with coccidioidomycosis-associated costs of $589,053
(82%) of the $718,401 total. Coccidioidomycosis-related
costs for patients with diagnostic delay were significantly
greater (p = 0.0004) than for the 18 patients without delay
(Figure 2; Appendix Table 2).
Not all CPT codes are associated with charges or reflected in patients’ bills, so we assessed total effort by analyzing the frequency of CPT codes and determining whether codes were related to coccidioidomycosis infection
(Appendix 2, https://wwwnc.cdc.gov/EID/article/25/9/190023-App2.xls). Coccidioidomycosis-related charges for
CPT code–related effort was higher in patients with delays
in diagnosis compared with charges for patients without
delays (Appendix 1 Figure 1).
Outpatient and inpatient prescriptions for a total of
1,103 antibacterial medication orders submitted before
coccidioidomycosis diagnosis are an approximate measure of antibacterial use. Vancomycin and daptomycin
comprised 22% of antimicrobial drugs ordered (Appendix
1 Figure 2).

Figure 1. Cumulative distribution for time to diagnosis of
coccidioidomycosis for 4 disease categories among patients in
Tucson, Arizona, USA, January 1, 2015–September 18, 2017.
Time points related to patients with very extended delay period
(909 days in acute pulmonary disease, 928 days in pulmonary
nodule, and 3,315 days in disseminated disease) are not shown in
the graph. Timeline truncated for readability.

Figure 2. Coccidioidomycosis costs by disease category for
264 case-patients in Tucson, Arizona, USA, January 1,
2015–September 18, 2017. Costs are shown in 2 columns
for each category: the left column for diagnosis at initial
presentation and the right column for delayed diagnosis. Each
symbol represents 1 case. Numbers in parentheses indicate
the number of cases in each category. Cost axis truncated
for readability.
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Conclusions
Our findings demonstrate significant delays in accurate
coccidioidomycosis diagnosis and substantial costs associated with these delays. Median delays for different disease categories ranged from 17 to 54 days; 43% of patients
with coccidioidomycosis had a diagnosis delay >1 month.
The 23-day median delay we presented (interquartile range
7–74 days) corresponds with a recently reported 23-day delay in Arizona (8) and in a 2010 study (9). In our cohort,
these delays were associated with $589,053 in coccidioidomycosis-related costs, as determined from Medicare fee
schedules. Although median coccidioidomycosis-related
costs were lowest for acute coccidioidal pneumonia, the
total was greatest for this group because it accounted for
>63% of patients. If our findings were extrapolated across
institutions in coccidioidomycosis-endemic regions, diagnostic delays and excess healthcare utilization would probably represent millions of dollars.
Overall healthcare effort as indicated by CPT code
frequencies, irrespective of whether or not they resulted in
billed charges, showed similar delay-associated excesses.
Of additional concern is unnecessary use of antibacterial
drugs, such as broad-spectrum medications like vancomycin, in coccidioidomycosis patients before an accurate diagnosis (Appendix 1 Figure 2). If coccidioidomycosis diagnostic delays were shortened, unnecessary antibacterial
treatments could be reduced greatly.
This study extends earlier reports of the economic burden associated with coccidioidomycosis (9). It is certainly
an underestimate of costs, because we did not include in
our cohort an unknown number of patients with coccidioidomycosis who were misdiagnosed. Our results suggest
earlier diagnosis will lower costs and provide secondary
benefits including patient reassurance, decreased antibacterial drug use, and improved antibiotic stewardship. This
study reinforces the ongoing challenge to increase coccidioidomycosis awareness for healthcare providers and the
urgent need to improve the ease, rapidity, and reliability of
coccidioidomycosis testing.
This work was supported by the Centers for Disease Control and
Prevention (contract no. 200-2017-95513).
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Diaporthe phaseolorum is a fungal plant parasite that has
rarely been described as causing invasive human disease. We report a case of human soft tissue infection with
Diaporthe phaseolorum in a heart transplant patient with
end-stage renal failure in New Zealand.

D

iaporthe phaseolorum is a fungal plant parasite found
in soil, salt and fresh water, and sewage (1). There
are few case reports of human infection with Diaporthe
species, and most have been described in highly immunosuppressed persons, especially solid organ transplantation
recipients (2–6). One case of Diaporthe spp. soft tissue
infection was reported in a heart transplant patient in the
United States (5), but the patient did not have end-stage renal failure (ESRF), making the choice of antifungal therapy
less complex. We report a case of human infection with D.
phaseolorum in a heart transplant patient with end-stage
renal failure.
The patient was a 46-year-old man from Samoa, resident
in New Zealand, who had had a heart transplant 10 years earlier for dilated cardiomyopathy. We obtained signed consent
from the patient for publication of the details of his condition.
He had a 1-year history of a slowly enlarging, nontender lump
in the pretibial area of his left leg. He noticed the lesion after
sustaining a minor abrasion while playing a game of touch
rugby. He had not been back to Samoa for 17 years. He was
receiving peritoneal dialysis for ESRF secondary to tacrolimus toxicity. At the time of presentation, he was taking mycophenolate (500 mg 2×/d), tacrolimus (5 mg 2×/d; daily trough
level 6.6 µg/L), and prednisone (2.5 mg 1×/d).
Magnetic resonance imaging of the leg showed a
37 × 23 × 43 mm complex subcutaneous cystic lesion
over the proximal medial tibia with thin septations and
no evidence of bony invasion. An aspirate of the lesion
Current affiliation: Waikato District Health Board, Hamilton,
New Zealand.
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was used for microbiological analysis and culture. Histologic examination showed reactive fibroblastic proliferation and numerous fungal hyphae by periodic acid–Schiff
staining (Figure).
Microscopy showed numerous fungal hyphae with
no identifiable distinctive features by direct microscopic
examination. After 3 days of culture, there was growth of
small, white, woolly colonies on only chocolate agar and
no bacterial growth.
We extracted DNA by using the UCP Pathogen Kit
(QIAGEN, https://www.qiagen.com) and sequenced the internal transcribed spacer 2 region. A BLAST query (http://
www.ncbi.nih.gov) showed 100% identity and 100% query
coverage with D. phaseolorum (GenBank accession nos.
KX498068.1, KX355829.1, JQ514150.1, and AY577815.1)
and Phomopsis sp. (GenBank accession nos. GU066693.1
and GQ352481.1, isolates from India and Malaysia).
These findings raised the question of genus assignment. Previously, Phomopsis was considered to be the
asexual morphotype of Diaporthe species. Thus, it is possible that these deposits in GenBank were the same genus
and perhaps even the same species. However, without further information about GenBank cultures or morphologic
description of our isolate, we can only conclude that our
isolate was probably D. phaseolorum.
The patient was given voriconazole, and domperidone
was replaced with metoclopramide. Severe tremor then developed, so he was given itraconazole before surgical excision of the lesion. Tissue samples grew D. phaseolorum.

Figure. Soft tissue infection with Diaporthe phaseolorum in a
46-year-old man from Samoa, resident in New Zealand, who was
a heart transplant recipient with end-stage renal failure. Histologic
examination of a cystic lesion over the proximal medial tibia showed
reactive fibroblastic proliferation and numerous long-branching
fungal septate hyphae of uneven widths. Periodic acid–Schiff
staining; original magnification ×40. Photograph provided by
Frederica Loghides, Department of Anatomic Pathology, Canterbury
Health Laboratories. A color version of this figure is available online
(http://wwwnc.cdc.gov/EID/article/25/9/19-0768-F1.htm).
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However, drug susceptibility testing could not be performed
because of inadequate growth. The patient received itraconazole for 7 months and the infection resolved, with no evidence to date of recurrence.
Infection with D. phaseolorum usually occurs after
inoculation from direct trauma (1). In this patient, the history of a minor leg abrasion during touch rugby was only
suggestive of direct inoculation. Previous publications
have reported different suspected sources of infection,
such as a prick from a plant thorn or spine (7,8), walking barefoot (8), or eye surgery (9). Activities that have
been implicated in acquisition of infection include gardening (5,7), farming (6,8), and hunting (5). Another possibility suggested in a case series (10) is that the patient
might have had a penetrating injury with a wood fragment
many years earlier. Marty et al. (10) reported 3 cases of
cutaneous, invasive fungal disease in which patients had
received penetrating soft-tissue injuries with wood fragments months to years (10 months–13 years) before their
transplant, suggesting the fungus persisted at the site of
injury over a long period.
In the past, diagnosis of this type of unusual fungal
infection would be reliant on macroscopic and microscopic
morphology and growth characteristics. For this patient,
the fungus did not grow on subculture. However, advances
in molecular microbiology now enable clinical microbiologists to identify unusual fungal pathogens by sequencing of
18S rDNA or internal transcribed spacer 2 region.
This case was challenging because human infection
with this pathogen is rare. Therapeutic options are based
on experience detailed in a limited number of case reports.
Treatment with itraconazole (4,6,8), posaconazole (5), and
voriconazole (3,4) has been successful. However, treatment
failure has been reported with voriconazole (despite a low
MIC) and terbinafine (2). Most case-patients needed surgical resection for infection resolution. Keratitis has been
successfully treated with topical amphotericin B and voriconazole (topical and oral) (7) and topical natamycin and
fluconazole (topical and oral) (9).
This case highlights the difficulties faced by clinicians trying to use appropriate directed antifungal therapy
when a patient is receiving multiple immunosuppressing
drugs. Clinicians and clinical microbiologists should be
aware of the possibility of invasive fungal infection with
unusual pathogens, even if the patient is seen many years
after a transplant.
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We describe emergomycosis in a patient in Uganda with
HIV infection. We tested a formalin-fixed, paraffin-embedded skin biopsy to identify Emergomyces pasteurianus or
a closely related pathogen by sequencing broad-range fungal PCR amplicons. Results suggest that emergomycosis
is more widespread and genetically diverse than previously
documented. PCR on tissue blocks may help clarify emergomycosis epidemiology.

E

mergomycosis is a fungal infection caused by fungi of
the newly described genus Emergomyces, of the order
Onygenales, which includes obligate fungal pathogens,
such as Histoplasma, Blastomyces, and Paracoccidioides
(1). Emergomycosis manifests after dissemination to the
lungs and skin; it is associated with 50% mortality. Most
cases of emergomycosis have been reported in persons
with HIV from South Africa infected with E. africanus,
the DNA of which has been amplified from soil there (2).
Emergomycosis from E. orientalis or E. canadensis infection has been identified in limited geographic areas.

In contrast, E. pasteurianus infections have been
widely documented in Asia, Europe, and South Africa (Appendix Table 2) (2). E. pasteurianus infections were first
described in 1998 in a patient in Italy with HIV infection
and skin lesions (3). The isolate was initially placed in the
genus Emmonsia because of the similarity of the ribosomal large subunit genes. The new genus Emergomyces was
suggested by Dukik et al. to distinguish fungi that produce
small yeasts in host tissues, comparable to Histoplasma instead of the adiaspores found in Emmonsia (4). We report
a case of E. pasteurianus infection in a patient in Uganda
with HIV infection.
A 38-year-old woman from Rwanda sought treatment
in Uganda for a 3-month history of disseminated skin lesions, nodules, papules, and ulcers (Figure). A chest radiograph revealed no signs of disease. The woman was living
in southwestern Uganda, working as a trader. She reported
no travel except for a short visit to Dubai 5 years earlier.
She had also been diagnosed with HIV 5 years earlier. She
was treated for HIV with zidovudine, lamivudine, and nevirapine. CD4 lymphocyte count was 140 cells/µL. HIV
viral load testing was not performed.
A skin biopsy was taken, but fungal isolation was
not performed because laboratorians lacked the necessary
equipment. As therapy for emergomycosis, experts suggest
amphotericin B, which was not available for the patient,
followed by oral triazoles (2). The patient was started on
fluconazole (400 mg 1×/d) for suspected cutaneous cryptococcosis. Histopathology showed narrow budding yeast
cells (2–4 µm) (Figure). Because skin lesions increased
during 6 weeks of fluconazole and antiretroviral treatments,
treatment was changed to itraconazole (400 mg 2×/d). Lesions decreased markedly within 8 weeks, which we considered the key finding suggesting treatment response. No
follow-up data are available beyond this point. As reported
by Dukik et al., in vitro resistance testing of Emergomyces documents activity of itraconazole, voriconazole, and
posaconazole, but not fluconazole (5).
In Germany, DNA was extracted from the formalinfixed, paraffin-embedded (FFPE) skin biopsy as previously
described (6). Fungal DNA was amplified by 2 broad-range
Figure. Imaging from
investigation of emergomycosis
in a 38-year-old woman from
Rwanda with HIV infection
living in Uganda. A) Skin lesion
on face. B) Histopathology of
skin biopsy specimen (Grocott
stain) showing multiple budding
yeast cells (2–3 µm), mostly
in clusters. Scale bar indicates
5 µm.
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PCR assays targeting a region of the 28S and the internal
transcribed spacer (ITS) 2 regions of the fungal ribosomal
RNA genes. Sanger sequencing of the PCR amplicons revealed 365-bp and 273-bp sequences (Appendix, https://
wwwnc.cdc.gov/EID/article/25/9/18-1234-App1.pdf). A
BLAST search (https://blast.ncbi.nlm.nih.gov/Blast.cgi)
revealed Paracoccidioides lutzii (98.6% pairwise identity) and E. pasteurianus (98.9% pairwise identity) to be
the closest matches for the 28S and ITS2 amplicons. Because no generally accepted pairwise identity break points
for fungal species identification are available and sequence
data for the region amplified by the 28S assay are lacking for many fungi, we sequenced the amplicons of the 2
broad-range PCR assays from fungi of the family Ajellomycetaceae and of the species Coccidioides immitis (Appendix Table 2). Phylogenetic analysis of the concatenated
sequences of both broad-range PCR assays suggested that
the patient was infected with E. pasteurianus or a closely
related species (Appendix Figure).
Identification of fungi from pathology blocks may
be used to investigate the etiology of mycosis and define
endemic regions of fungal pathogens. However, species
identification by histopathology is limited and the optimal
molecular identification strategy remains to be defined.
Amplification of fungal DNA from FFPE tissue is restricted by amplicon length, PCR inhibition, an excess of host
DNA, and contaminating fungal DNA (7). The broad-range
assays we used were introduced to amplify fungal DNA
from an excess of host DNA. They have been successfully
applied on FFPE tissue before (6,8).
The ITS2 assay targets a diverse, noncoding region
well represented in public databases. However, variable
amplicon length (200–300 bp) suggests that detection limits may vary for different fungi and phylogenetic analysis may be impaired. In contrast, the 28S assay amplifies
a more conserved coding region (330–350 bp). Whereas
identification of a genus may be achieved, species resolution within a genus may not be possible and sequences of
this region are underrepresented in public databases (4,6).
Our results suggest that emergomycosis is more widespread and genetically diverse than previously documented.
This case suggests that using broad-range fungal PCR assays
with specific PCR assays to target prevalent pathogens may

be a successful approach for identifying fungal etiology from
pathology blocks and defining the epidemiology of emergomycosis and related infections.
About the Author
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Since its recent discovery, Bourbon virus has been isolated
from a human and ticks. To assess exposure of potential vertebrate reservoirs, we assayed banked serum and plasma samples from wildlife and domestic animals in Missouri, USA, for
Bourbon virus–neutralizing antibodies. We detected high seroprevalence in raccoons (50%) and white-tailed deer (86%).

B

ourbon virus (BRBV) was first isolated from a febrile patient with a history of tick bites in Bourbon
County, Kansas, USA; the patient later died from severe
illness in 2014 (1). Several additional human BRBV infections were reported subsequently from the midwestern and
southern United States (2). BRBV belongs to the family
Orthomyxoviridae, genus Thogotovirus, which is distributed worldwide and includes Araguari, Aransas Bay, Dhori,
Jos, Thogoto, and Upolu viruses (1,3). Thogoto and Dhori
viruses have been associated with human disease (4–6). Viruses within the genus Thogotovirus have been associated
with hard or soft ticks (7). Recent studies suggest that the
lone star tick (Amblyomma americanum) is involved with
BRBV transmission (2,3,8). These ticks feed primarily on
mammals, which might play a role in BRBV ecology.
We evaluated banked animal serum and plasma for
evidence of BRBV infection by using the plaque-reduction
neutralization test (PRNT) to detect BRBV-reactive antibodies. We tested specimens of white-tailed deer (Odocoileus virginianus), raccoon (Procyon lotor), Virginia opossum (Didelphis virginiana), and various other mammals
and birds from northwest Missouri, USA, for neutralizing
antibodies against BRBV to identify naturally exposed host
species and to implicate potential zoonotic amplifiers.
Current affiliation: Washington State University, Pullman,
Washington, USA.
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We collected specimens from wild and domestic vertebrates as described (9). We performed PRNTs on serum and
plasma samples by using Vero cell culture as described (9).
In brief, we initially screened samples by diluting them 1:5
and mixing them with an equal amount of BRBV suspension containing ≈100 PFUs/0.1 mL. Samples that showed
>70% reduction of plaques were confirmed by serial 2-fold
titration in duplicate from serum dilutions of 1:10–1:320.
We considered 70% PRNT titers >10 as positive.
We screened serum and plasma samples from 301 birds
and mammals for BRBV-neutralizing antibodies. A total of
48 (30.8%) of 156 mammalian serum samples were positive at the 70% neutralization level (Table). Mammals with
evidence of past infection included domestic dogs, eastern
cottontail, horse, raccoon, and white-tailed deer. None of 26
avian species were seropositive (Appendix Table, https://
wwwnc.cdc.gov/EID/article/25/9/18-1902-App1.pdf).
BRBV is probably transmitted to humans and other vertebrates by the lone star tick, an abundant arthropod in the southcentral United States (8). This virus was cultured from these
ticks in northwestern Missouri in 2013 and eastern Kansas in
2015 (2,8). Our results indicated that mammals are frequently
exposed to BRBV. This finding was expected because lone
star ticks feed primarily on mammals, and rarely on birds.
Our study corroborates that birds are not involved in BRBV
transmission, and our data establish that the vertebrate host
range for infection now includes >5 mammalian species, 2 of
which are domestic animals (dogs and horses). Of the wildlife
species, the seropositivity rate for white-tailed deer was high
(86%), whereas Virginia opossums, despite a moderate sample size (n = 28), showed no evidence of virus exposure. Deer
and raccoons (seroprevalence 50%) could be useful wildlife
sentinels for tracking the geographic distribution of BRBV.
Dogs (seroprevalence 15%) and horses (seroprevalence 4%)
merit further consideration among domestic animals for use as
sentinels for either tracking virus activity or as an early warning system for mitigation of human risk. Because of limited
sampling, we observed no statistically significant difference in
seroprevalence between these 2 species.
A limitation of our study was small sample sizes, which
reduces the accuracy of the seroprevalence measurements.
Furthermore, serologic data provide indirect evidence of
virus infection, rather than the detection of the virus itself
or its parts (i.e., antigen or nucleic acid). However, a closely related congener could exist and generate cross-reactive
antibodies to BRBV, causing false-positive results in our
assay. Nevertheless, the PRNT is generally considered the
standard for serologic assays.
In conclusion, we have demonstrated that nonhuman vertebrates are exposed to BRBV. These findings are useful for
future public health efforts and to better understand the ecology of BRBV. Specifically, we identified 2 candidate wildlife sentinels and potential domestic sentinels for tracking
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Table. PRNT70 results for mammals tested for Bourbon virus–neutralizing antibodies, Missouri, USA, 2012–2013*
Common name
Species name
No. positive/no. tested
Titer
Proportion positive (95% CI)
Domestic cat
Felis catus
0/2
<10
0 (0–0.66)
Domestic dog
Canis lupus familiaris
2/13
10–>320
0.15 (0.04–0.42)
Eastern cottontail
Sylvilagus floridanus
2/9
>320
0.22 (0.06–0.55)
Fox squirrel
Sciurus niger
0/4
<10
0 (0.0–0.49)
Horse
Equus caballus
1/24
20
0.04 (0.007–0.20)
Raccoon
Procyon lotor
31/62
10–>320
0.50 (0.38–0.62)
Virginia opossum
Didelphis virginiana
0/28
<10
0 (0.0–0.12)
White-tailed deer
Odocoileus virginianus
12/14
10–>320
0.86 (0.60–0.96)
*PRNT70, 70% plaque reduction neutralization titer.

and possible early warning of BRBV transmission risk.
However, whether any of these mammalian species are competent amplifier hosts for BRBV remains to be determined.
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Lassa fever has not been reported in Côte d’Ivoire. We performed a retrospective analysis of human serum samples
collected in Côte d’Ivoire in the dry seasons (January–April)
during 2015–2018. We identified a fatal human case of
Lassa fever in the Bangolo District of western Côte d’Ivoire
during 2015.

L

assa fever is endemic to western Africa. Nigeria, Guinea, Sierra Leone, and Liberia regularly have outbreaks
of Lassa fever, mostly during the first few months of the
year, corresponding to the dry season (January–May), when
the Mastomys natalensis rodent reservoir of Lassa fever virus (LASV) has more contact with the human population
in rural areas to access food. The epidemic zone of Lassa
fever has recently been extended into Benin, and sporadic
cases have been documented in Burkina Faso, Mali, Ghana,
and Togo.
Côte d’Ivoire appears to be an exception; no Lassa fever cases have been reported in this country. A tourist from
Germany traveling through Côte d’Ivoire, Burkina, and
Ghana died from Lassa fever upon her return to Germany
but it was not possible to determine in which country she
contracted the disease (1). In 2013, LASV RNA was identified in M. natalensis rodents captured in northern Côte
d’Ivoire, near Korhogo (2). Virus RNA corresponded to
the same AV strain of LASV as that isolated from the tourist, suggesting that she might have been infected in Côte
d’Ivoire. Seroprevalence among forest workers in western
Côte d’Ivoire also suggests that LASV might currently circulate in this country (3).
We performed a retrospective analysis of 268 human
serum samples received at the National Reference Center
for Yellow Fever (Institut Pasteur de Côte d’Ivoire, Abidjan, Côte d’Ivoire) for diagnosis of arbovirus infection.
We selected yellow fever–negative samples from the western region of Côte d’Ivoire (Biankouma, Danané, Duékoué, Guiglo, Man, Odienné, Touba, Toulépleu, and Zouan
Hounien Districts), near the borders with Liberia and Guinea collected during January–April 2015–2018.
We inactivated serum samples by using AVL buffer
(QIAGEN, https://www.qiagen.com) and ethanol and isolated RNA by using the QIAamp Viral RNA Extraction
Kit (QIAGEN). We analyzed RNA by using a reverse transcription PCR (RT-PCR) and pan–Old World arenavirus
primers specific for the large RNA segment (OW RT-PCR).
We identified 1 positive serum sample (001/15) by OW
RT-PCR; we then determined that this sample was LASV
positive by using a LASV-specific RT-PCR specific for the
glycoprotein complex (GPC) gene (Figure, panel A). We
sequenced amplicons for the GPC and L genes and aligned
partial sequences of this new strain, Bangolo-CIV-2015,
with the corresponding regions of a set of representative
published LASV strains (4).
1754

We generated phylogenetic trees by using a general
time reversible plus gamma plus proportion of invariable
sites model and parallel maximum-likelihood with PhyML Smart Model Selection (5). The GPC (MK978784)
and large RNA (MK978785) fragments of the BangoloCIV-2015 strain (Figure, panel B) were genetically similar
to strain BA-366 isolated from an M. natalensis rodent captured in the Bantou District of central Guinea during 2003
(6). On the basis of these phylogenetic trees, we concluded
that Bangolo-CIV-2015 belongs to the IV clade, along with
the highly pathogenic LASV strain Josiah, and diverges
from the clade V AV strain of LASV (Figure, panel B)
found in rodents and a patient from Germany (1,2).
The LASV-positive serum sample originated from a
30-year-old man from the Bangolo District of Côte d’Ivoire
who was admitted to Duékoué Hospital in January 2015 because of fever, asthenia, and gingivorrhagia. His health rapidly deteriorated after admission; he had hypotension and
a consciousness disorder and died 4 days later. The sample
was collected at the time of death. Further investigations
by doctors at Institut Pasteur de Côte d’Ivoire were unable
to obtain more information about this patient. Without the
travel history of the patient during the 3 weeks preceding
his hospital admission, we could not determine whether
this case of Lassa fever was endemic or imported. Exported
cases are common (7) because many workers travel to Côte
d’Ivoire from Guinea and Sierra Leone.
Next-generation sequencing in an outbreak setting, combined with phylogenetic analyses, has recently
showed that many strains of LASV have been responsible
for cases of Lassa fever in Nigeria, suggesting independent transmission events from the reservoir, rather than
the emergence of an epidemic strain (8). The case we report remains isolated because no other suspected cases
were reported during this period. None of the healthcare
workers who had been in contact with the patient showed
any signs of Lassa fever. An additional set of 35 human
serum samples collected during October 2014–April 2015
in the Biankouma, Duékoué, Guiglo, Issia, Man, Minignan, Odienne, Soubre, and Tengrela Districts were LASV
negative by RT-PCR.
In 2015, Kouadio et al. highlighted possible underreporting of Lassa fever cases in Côte d’Ivoire because
of lack of diagnoses (2). We provide evidence of a fatal case of human Lassa fever in the Bangolo District of
western Côte d’Ivoire. Thus, measures should be taken
to reinforce the diagnosis of Lassa fever and arenavirus
surveillance in general in this country. Human serologic
surveys should help in identifying the area of LASV circulation in Côte d’Ivoire. RNA from novel arenaviruses
has recently been identified in rodents captured in Côte
d’Ivoire, but their pathogenic potential for humans remains unknown (9).
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Figure. Analysis of LASV
strains, Bangolo District, Côte
d’Ivoire, 2015. A) RT-PCR
analysis of human serum
samples 132/16 and 001/15 by
using OW and LASV RT-PCRs.
Lane 1, negative control; lane 2,
positive control; lane 3, 132/16;
lane 4, 001/15. B) Phylogenetic
analysis of LASV strains. Trees
were inferred by using the
PhyML Smart Model Selection
(5) general time-reversible
plus gamma plus proportion
of invariable sites model with
200 bootstrap replicates.
Poorly supported branches
with bootstrap values <0.50 are
indicated by dotted lines. Lassa
virus lineages are indicated by
the Roman numerals on the
right. The Bangolo-CIV-2015
strain (solid box), which was
isolated in this study, appears to
be related to clade IV, and the
AV strain (dotted box) is related
to clade V. GPC, glycoprotein
complex gene; L, large RNA
segment; LASV, Lassa virus;
OW, Old World; RT-PCR,
reverse transcription PCR.
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We identified a case of fatal acute respiratory disease
from household transmission of human adenovirus type
55 (HAdV-55) in Anhui Province, China. Computed tomography showed severe pneumonia. Comparative genomic
analysis of HAdV-55 indicated the virus possibly originated
in Shanxi Province, China. More attention should be paid to
highly contagious HAdV-55.
1
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H

uman adenoviruses are associated with mild and
acute respiratory infections, depending on the virus type and host immunity. Human adenovirus type 55
(HAdV-55) (1), formerly known as HAdV-11a (2), is a
reemergent respiratory pathogen that has caused severe
pneumonia outbreaks in military and civilian populations
in Europe and Asia (2–7). However, household transmission of HAdV-55 is rarely reported. We report a case of
household transmission of HAdV-55 involving 3 confirmed adult cases with 1 death. Epidemiologic, clinical,
and laboratory investigations, along with whole-genome
sequencing, elucidate the disease progression and the
pathogen origin.
During April 1–May 5, 2012, 7 household members (5
males and 2 females; 3 children and 4 adults) in Anhui Province, China, sequentially experienced influenza-like symptoms, including fever, productive cough, fatigue, pharyngalgia, dyspnea, and other symptoms. The youngest patient was
4 months of age, the oldest, whom we refer to as AQ-1, was
a 55-year-old man. The family lived together near a farm in
a house with poor sanitary and ventilation conditions.
The first onset of acute respiratory disease (ARD) occurred on April 1, when the index case, a 4-year-old granddaughter of AQ-1, had a febrile respiratory infection with
cough. Three days later, AQ-1’s grandson, 1 year of age,
displayed similar symptoms. On April 9 and 11, AQ-1’s
daughter, 28 years of age, and another grandson, 4 months
of age, both had influenza-like symptoms. On April 14,
AQ-1 had a fever, chills, and lumbago. He was admitted to
the hospital on April 14 where clinicians diagnosed pneumonia. AQ-1 had close contact with his sick grandsons and
granddaughter and had not been out of the house during the
month he cared for them.
While hospitalized, AQ-1 had bilateral pneumonia
seen on chest computed tomography (CT), a temperature of
41.0°C, and low total leukocyte (3.63 × 109/L) and platelet
(42 × 109/L) counts. AQ-1 sustained high fever and yellow
phlegm despite antiinflammatory and antiviral treatment,
including levofloxacin, piperacillin sodium, tazobactam sodium, and ribavirin.
On April 24, AQ-1 had indications of severe pneumonia, including respiratory failure, hypoxemia, double lung
rales, and a mass of shadows visible on chest CT. In addition, he had indications of liver damage and multi-organ
failure. Transverse chest CT images demonstrated increased areas of patchy shadows and consolidation in both
lungs compared to CT images from April 22, indicative of
disease progression (Appendix Figure 1, http://wwwnc.
cdc.gov/EID/article/25/9/18-1937-App1.pdf).
AQ-1 died on April 27, 3 days after onset of respiratory
failure, and 13 days after his illness began. On the same day,
his 20-year-old son, AQ-2, and 31-year-old nephew, AQ3, who had taken care of AQ-1 for 5 days, also exhibited

Emerging Infectious Diseases • www.cdc.gov/eid • Vol. 25, No. 9, September 2019

RESEARCH LETTERS

Figure. Timeline of patients’
illness onset in a household
cluster of acute respiratory
disease from human
adenovirus 55, Anhui Province,
China, 2012. The star indicates
AQ-1, the case described in
this study. Case relationships to
AQ-1 are indicated along with
their ages at the date of their
illness onset.

symptoms of influenza-like illness. Both were hospitalized
and had normal chest CT scans, but AQ-2’s leukocyte count
was 5.4 × 109/L and AQ-3’s was 6.7 × 109/L. After antiinflammatory and antiviral treatment, including vitamin C,
sulbactam, amoxicillin, amikacin, cefoperazone, ribavirin,
and oseltamivir, they recovered and were discharged on
May 5 (Figure).
We tested endotracheal aspirates from AQ-1 and throat
swabs from AQ-2 and AQ-3 for influenza A and B viruses,
severe acute respiratory syndrome coronavirus, human
metapneumovirus, rhinoviruses, parainfluenza viruses
1–4, and HAdVs by real-time PCR. Only adenovirus was
strongly positive for all 3 patients. Testing for antibodies
against Mycoplasma pneumoniae, Mycobacterium tuberculosis Treponema pallidum, hepatitis B and C viruses, and
HIV were all negative. After treatment, samples from AQ-2
and AQ-3, were negative for adenovirus by PCR.
We isolated AQ-1’s adenovirus in culture and sequenced
the genome (GenBank accession no. KP279748). Sequences
for the hexon, penton base, and fiber genes were identical to
those previously reported for HAdV-55. Phylogenetic analysis showed that the 3 isolates clustered closely with other
strains from China (Appendix Figure 2). The genome of
AQ-1’s strain had the highest nucleotide identity (99.951%)
with QZ01_2011, an isolate from a military trainee in Shanxi
Province, China. The second highest identity (99.948%) was
with QS-DLL_2006, which caused a fatal ARD outbreak in
a senior high school in Shaanxi Province, China (1,8) (Appendix Table). We hypothesize the strain infecting AQ-1 and
his family originated from Shanxi Province.

In this household transmission of ARD, the index case
was a probable case because no specimens were collected
to confirm virologic identification. From the timeline of illness onset in this household cluster of ARD cases (Figure),
we suspect that the pathogen spread rapidly among the children and further circulated in adults who had close contact
with infected children and one another.
HAdV-55 contains a 97.4% genome of HAdV-14 and
a hexon from HAdV-11 (1). Since 2006, HAdV-14 has
caused severe ARD in America, Europe, and Asia (8,9),
with high hospitalization (38%) and case-fatality (5%)
rates (10). Because the risk for infection among the close
contacts may rise, more attention should be paid to these
highly contagious pathogens.
This study was approved by the institutional review board of
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supported by the National Natural Science Foundation of China
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Since 2012, Middle East respiratory syndrome (MERS) coronavirus has infected 2,442 persons worldwide. Case-based
data analysis suggests that since 2016, as many as 1,465
cases and 293–520 deaths might have been averted. Efforts
to reduce the global MERS threat are working, but countries
must maintain vigilance to prevent further infections.

F

rom 2012 through May 31, 2019, Middle East respiratory syndrome coronavirus (MERS-CoV) has infected
2,442 persons and killed 842 worldwide (1). MERS-CoV
is currently circulating in dromedary camels in Africa, the
Middle East, and southern Asia; however, most cases of
human infection have been reported in the Arabian Peninsula (2). Large hospital outbreaks in 2014 and 2015
(3,4) (Appendix Figure 1, https://wwwnc.cdc.gov/EID/
article/25/9/19-0143-F1.htm) motivated affected countries
to substantially invest in prevention and control activities.
To estimate the potential number of MERS cases and
deaths that might have been averted since 2016 had the risk
levels of 2014–2015 continued, we analyzed case-based
data on laboratory-confirmed human cases of MERS-CoV
infections reported to the World Health Organization (5).
We categorized cases as either secondary (human-to-human
transmission) or community-acquired (presumed camel-tohuman transmission). In addition, we used case-based data
on date of onset (for symptomatic infections) or report (for
asymptomatic infections), outcome (died/recovered), and
dates and sizes of reported clusters of human-to-human–
transmission cases (3,4,6–8).
We compared incidence of camel-to-human–transmission cases (i.e., community-acquired cases, assuming all
of those not positively attributed to human-to-human transmission were in this category) during 2016, 2017, and 2018
(through September only) with incidence during 2014–
2015, assuming that case numbers were Poisson distributed
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(yielding a 2-sided p value). Furthermore, we obtained the
expected total number of cases in 2016, 2017, and through
September 2018, conditional on the incidence of community-acquired cases, by simulating 10,000 times from the
distribution of human-to-human–transmission cluster sizes
observed during 2014–2015. Thus, the observed incidence
rates in these years could be compared with simulations
to test the null hypothesis that human-to-human transmission levels remained constant since 2014–2015 (yielding a
2-sided p value). The intervals reported are the 2.5th and
97.5th percentiles of the simulations (95% CIs). We examined a range of mortality rates from healthcare-associated
outbreaks in South Korea and Saudi Arabia (3,5) and the
case-fatality ratio (CFR) from all reported cases globally
(35.5%, 800 fatalities/2,254 cases) (9). When numbers of
cases averted were not statistically significant, we truncated
the lower bound of the 95% CI to 0 cases averted.
Of the 2,254 laboratory-confirmed cases reported to the
World Health Organization from 2012 through October 1,
2018 (Appendix Figure 1), 1,087 were classified as humanto-human transmssion cases and the remaining 1,167 as
community-acquired cases. During this same period, clusters/outbreaks were reported each year (range 2–255 cases).
Although 739 cases were reported in 2014 and 768
cases in 2015, only 244 cases were reported in 2016, another 244 in 2017, and 113 through September 2018. We
assessed potential components of this reduction (i.e., reduction of community-acquired cases, human-to-human
transmission cases, or both). The incidence of community-acquired cases was 177 in 2016, 151 in 2017, and 86
through September 2018 (Appendix Table). These rates
were each significantly (p<0.001) lower than expected
compared with the incidence in 2014–2015 (334 for 2016,
334 for 2017, and 251 through September 2018). Conditional on the number of community-acquired cases, we
observed no significant reduction in the risk for secondary
cases from 2014–2015 to 2016, 2017, and through September 2018, although we did find nonsignificant trends. We
estimated that 154 secondary cases (95% CI 0–495) were
averted from the 177 community-acquired cases in 2016,

96 (95% CI 0–419) from the 151 community-acquired
cases in 2017, and 80 (95% CI 0–338) from the 86 community-acquired cases through September 2018, totaling
330 (95% CI 0–819) from the 414 community-acquired
cases during 2016–September 2018 (Table). Assuming a
20% CFR (3,10), these 330 (95% CI 0–819) cases averted
correspond to 66 (95% CI 0–164) expected deaths averted;
assuming a 35.5% CFR (9), they correspond to 117 (95%
CI 0–291) expected deaths averted.
The total number of cases averted, when simultaneously taking into account reduced camel-to-human and
human-to-human transmission, was estimated at 507 (95%
CI 189–967) in 2016, 507 (95% CI 189–967) in 2017, and
451 (95% CI 191–855) through September 2018, totaling
1,465 (95% CI 895–2,165) cases averted and 293 (95% CI
179–433) expected deaths averted (under the assumption of
a 20% CFR) from 2016 through September 2018. Assuming a 35.5% CFR, this estimate corresponds to 520 (95% CI
318–769) expected deaths averted.
We believe that affected countries are reducing the
global threat of MERS by addressing knowledge gaps
with regard to transmission, enhancing surveillance, and
strengthening the ability to detect cases early and contain outbreaks through improved infection prevention and
control measures in hospitals. Critical for preventing international spread and sustained transmission have been
improved prevention and control measures in hospitals, restriction of camel movement in affected areas, stronger and
more comprehensive investigations of cases and clusters,
and improved communication.
Although global efforts seem to have prevented hundreds of infections and deaths, vigilance must be maintained by all countries. More needs to be done to limit spillover infections from dromedaries, which requires stronger
surveillance of dromedary populations and persons in direct
contact with infected herds and accelerated development
of a vaccine for dromedaries (2). The international community and affected countries have a collective and shared
responsibility to curtail a major health security threat such
as MERS in the Middle East and beyond.

Table. Estimated Middle East respiratory syndrome cases and deaths averted because of reduced human-to-human transmission and
camel-to-human transmission*
Estimated cases and deaths averted because of
Estimated cases and deaths averted because of reduced
reduced human-to-human transmission†
camel-to-human and human-to-human transmission
Deaths averted
Deaths averted
Cases
2-sided Assuming
Assuming
2-sided
Assuming
Assuming
Year
averted‡
p value 20% CFR‡ 35.5% CFR‡
Cases averted‡
p value
20% CFR‡
35.5% CFR‡
2016
154 (0–495) 0.2714
31 (0–99)
55 (0–176)
507 (189–967)
<0.0001 101 (38–193) 180 (67–343)
2017
96 (0–419) 0.5810
19 (0–84)
34 (0–149)
507 (189–967)
<0.0001 101 (38–193) 180 (67–343)
2018§
80 (0–338) 0.4316
16 (0–68)
29 (0–120)
451 (191–855)
<0.0001 90 (38–171)
160 (68–304)
2016–2018§
330 (0–819) 0.0896 66 (0–164) 117 (0–291)
1,465 (895–2165) <0.0001 293 (179–433) 520 (318–769)
*Values are estimated no. (95% range) except as indicated. CFR, case-fatality ratio.
†Conditional on reported community-acquired cases.
‡The 95% intervals reported are the 2.5th and 97.5th percentiles of the simulations. When cases averted were not statistically significant, we truncated
the lower bound of the 95% CI to 0 cases averted.
§Through September 2018.
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Limited Scope of Shorter
Drug Regimen for MDR TB
Caused by High Resistance
to Fluoroquinolone
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Resistance to second-line tuberculosis drugs for patients
with multidrug-resistant tuberculosis has emerged globally
and is a potential risk factor for unfavorable outcomes of
shorter duration drug regimens. We assessed the proportion of patients eligible for a shorter drug regimen in Uttar
Pradesh, India, which had the highest rate of multidrug-resistant tuberculosis in India.

I

ndia has the largest burden of multidrug-resistant (MDR)
tuberculosis (TB) worldwide (1). The success rate for
MDR TB treatment is low (47%), largely caused by death,
suboptimal adherence of patients to long treatment courses,
and frequent drug-related adverse events (2).
In 2016, the World Health Organization recommended
a shorter drug regimen (9–12 months) for patients with
MDR TB or rifampin-resistant TB who had not received
second-line drugs (SLDs) and in whom resistance to fluoroquinolones and injectable SLDs is considered highly
unlikely (3). A shorter regimen is a promising step toward
high treatment success rates. Recently, this regimen was
instituted in Uttar Pradesh, which has ≈20% of the total
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MDR TB and rifampin-resistant TB burden in India (2). We
assessed the proportion of rifampin-resistant TB patients in
Uttar Pradesh who would be eligible for a shorter regimen
under a programmatic setting.
Under the Revised National Tuberculosis Control Program for India, all TB patients are tested for drug susceptibility for at least rifampin by the GeneXpert MTB/RIF
assay (http://www.cepheid.com), which is available in
every district laboratory. Two samples per patient are usually collected, and if rifampin-resistant TB is confirmed,
the second sample is transported to the state laboratory for
susceptibility testing of SLDs by line-probe assay (LPA)
(LPA-SLD Genotype MTBDRsl; Bruker, https://www.
hain-lifescience.de). Because it might take ≈1 week to obtain an LPA-SLD result, a shorter treatment regimen is initiated without delay for all patients with rifampin-resistant
TB, except for patients who have received SLDs, those
with extrapulmonary TB, and those who are pregnant (4).
If resistance to SLD is detected, patients are given an appropriate, longer treatment regimen.
Over a 2-month period (July–August 2018), sputum
samples from 708 patients with rifampin-resistant TB (1
sample/patient) were collected before treatment with any
SLDs and submitted to our reference laboratory for LPASLD. Smears from each sputum sample were examined
for acid-fast bacilli (AFB). AFB-positive samples were
subjected directly to LPA, AFB-negative samples were
cultured in Mycobacterium growth indicator tube liquid
medium, and LPA was performed indirectly for culture isolates, if recovered. LPA testing on smear-positive sputum
samples with inconclusive results (Mycobacterium tuberculosis not detected/indeterminate resistance/invalid) was

repeated by using the indirect method. Resistance patterns
for fluoroquinolones and injectable SLD (as determined by
LPA-SLD) were analyzed.
Of 708 samples, drug susceptibilities were determined
for 541 (498 by direct LPA and 43 by indirect LPA). For the
remaining 167 samples (AFB negative, 112; AFB scanty,
52), results were inconclusive because of no growth or contamination (Figure). Plausible reasons for lower rate of culture recovery include testing of only AFB-negative/scanty
samples, expected low culture yield if patients have a history of tuberculosis treatment or if a sample was of suboptimal quality (5), and a harsh decontamination process used
for the sample. This last reason is unlikely because the culture contamination rate was not lower than standard range.
In our study, a high proportion (21.4%) of patients
were smear negative, although they were given a diagnosis of rifampin-resistant TB by GeneXpert. Low analytical sensitivity for smear microscopy (compared with that
for GeneXpert) could be a potential reason. This observation highlights the need of submitting 2 quality samples
for LPA.
Of 541 conclusive LPA-SLD results, the proportion of
strains resistant to only fluoroquinolone was 50.1%, to injectable SLD 1.5%, and to fluoroquinolone and injectable
SLD 8.3%. Fluoroquinolone resistance (with or without injectable SLD resistance) was high, indicating that 58.4% of
patients were ineligible for a shorter regimen. This estimate
raises concern because, in an earlier trial of a shorter regimen, fluoroquinolone resistance was a key risk factor for a
bacteriologically unfavorable outcome (6).
Our estimate might not be a true representation for fluoroquinolone resistance burden because we included only
Figure. Flow diagram of
participants and testing results
in study of limitation of shorter
treatment regimen for multidrugresistant tuberculosis by high
resistance to fluoroquinolone,
Uttar Pradesh, India.
*Inconclusive LPA-SLD (n =
167; 23.6% of total samples
received). LPA-SLD, line-probe
assay for second-line drugs;
FQ, fluoroquinolones; MGIT,
Mycobacterium growth
indicator tube.
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rifampin-resistant TB patients in our study, not patients with
rifampin-susceptible but fluoroquinolone-resistant TB. Nevertheless, our estimate might be extrapolated for a programmatic setting in Uttar Pradesh because the number of patients
in the study was ≈7.0% of MDR TB and rifampin-resistant
TB patients reported in Uttar Pradesh during 2017 (1).
In India, a high incidence of fluoroquinolone-resistant TB has been reported (7,8). It is believed that widespread and indiscriminate use of fluoroquinolones was a
key contributor. However, primary resistance caused by
transmission of fluoroquinolone-resistant strains might
be a potential reason for such a high rate of fluoroquinolone resistance. This hypothesis is well supported by
increasing evidence for countries with high burdens of TB
where MDR TB is increasing in patients who have not
received TB treatment (9,10). In our study, we could not
stratify our data into new and previously treated patients
because of the observational design and limited access to
patient information.
Considering high levels of fluoroquinolone resistance
and possible intolerance/resistance to certain drugs in a
regimen, only ≈40.0% of rifampin-resistant TB patients
would be eligible for a shorter drug regimen in our setting.
Thus, a shorter regimen should not be an obvious choice
for empiric treatment of MDR TB or rifampin-resistant TB
patients in this region.
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The emerging yeast Candida auris has disseminated worldwide. We report on 7 cases identified in Germany during
2015–2017. In 6 of these cases, C. auris was isolated from
patients previously hospitalized abroad. Whole-genome sequencing and epidemiologic analyses revealed that all patients in Germany were infected with different strains.

C

andida auris is an emerging yeast that was initially described in 2009 after a case of otitis externa in Japan
(1). Since then, healthcare-associated infections have been
reported worldwide (2). C. auris has caused outbreaks in
hospitals in Asia, Africa, and Latin America (2–4). In Europe, 620 C. auris cases were observed during 2013–2017
(24% infections, 76% colonizations), including 7 cases in
Germany (5). Most C. auris isolates exhibit resistance to fluconazole, and susceptibility to other azoles, amphotericin B,
and echinocandins varies among isolates. Some strains show
resistance to all 3 classes of antifungal drugs (6).
We report on the occurrence of C. auris in Germany
and its link to prior healthcare exposure in the Middle East,
Asia, Africa, or the United States. C. auris was isolated
from 7 patients (4 male, 3 female, all in different, unrelated
hospitals) during November 2015–December 2017 (Appendix Table, http://wwwnc.cdc.gov/EID/article/25/9/190262-App1.pdf). Six of the patients had previously been
treated in healthcare centers outside Germany and were
transferred to Germany for further treatment. No further
suspicious cases or isolates were reported to the National
1

Group members are listed at end of this article.

Reference Centre for Fungal Infections (Jena, Germany);
however, reporting is not mandatory, and the possibility of
missed cases cannot be excluded.
Of the 7 patients, 3 had been in isolation before detection of C. auris as a result of known colonization with carbapenemase-producing Enterobacteriaceae. No secondary
C. auris cases were detected in any of the hospitals until
March 2019. However, because no contact screening was
performed, transmission resulting in asymptomatic carriage cannot be excluded.
Isolates from 6 patients were available for further testing. Biochemical identification of isolates by API ID 32C
resulted in misidentification as C. sake (5 of 6) or C. intermedia (1 of 6). In contrast to previous versions, Vitek 2 version
08.01 (bioMérieux, https://www.biomerieux-diagnostics.
com) identified all isolates as C. auris with 93%–99% likelihood. With VitekMS (bioMérieux) matrix-assisted laser
desorption ionization time-of-flight (MALDI-TOF) mass
spectrometry, no identification was achieved. However, a
recent database update for VitekMS (version 3.2), which
was not available at the time of our testing, corrected the
identification failure in the VitekMS (data not shown). The
Bruker Biotyper system (https://www.bruker.com) correctly
identified all strains, albeit some with a low score (1.6–1.99).
Whereas Bruker recommends that a score of 2.0 be used for
species identification, a score >1.7 has been shown to be sufficient for reliable species identification (7). At the time of
testing, Bruker’s research-use-only library did not include a
C. auris strain of the South Asian clade, which most of the
German isolates belong to. Because C. auris exhibits considerable heterogeneity of mass spectra between geographic
clusters, this missing clade likely explains the low scores (8).
Molecular identification using internal transcribed
spacer technology identified all C. auris strains with 100%
identity to the reference strain DSM 21092/CBS 10913.
For available isolates, we performed whole-genome sequencing and aligned reads to the B8441 v2 reference
genome (Figure; Appendix). A phylogenetic tree generated from whole-genome single-nucleotide polymorphism
(SNP) data indicated that the isolates NRZ-2015-214,
NRZ-2017-288, NRZ-2017-367, NRZ-2017-394/1-2, and
NRZ-2017-505 belong to the South Asian clade, whereas
NRZ-2018-545 was related to the African clade (Figure).
In line with previous studies, the genetic differences observed between isolates of the same clade were small (30–
800 SNPs), whereas differences between clades were large
(36,000–147,000 SNPs) (4,9). Whole-genome data show
that all cases identified in Germany harbor unique isolates, thus excluding transmission between these patients
(Figure). As a control, the clonality of serial isolates NRZ2017-394/1 and NRZ-2017-394/2, taken from the same
patient on 2 different occasions, was confirmed; the 2 isolates were separated by only a single SNP (Figure).
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Figure. Genetic relationships of
Candida auris isolates based on
whole-genome sequencing SNP
analysis. A) Maximum-likelihood
phylogeny of C. auris isolates
from Germany (indicated by NRZ
prefix) inferred to reveal a possible
geographic origin. The isolates
were contrasted against strains
representing the 4 different clades
of C. auris: South American (strain
B114243 from Venezuela), East
Asian (B11220 from Japan), South
African (B11221 from South Africa),
and South Asian (B8441 from
Pakistan and 6684 from India). B)
Higher resolution of the tree shown
in panel A to better visualize the
relationship between the isolates
belonging to the South Asian
clade. Scale bars in panels A and
B indicate nucleotide substitutions
per site. C) SNP counts between
the genomes of the isolates from
Germany and the representative
strains from the different
clades. SNP, single-nucleotide
polymorphism.

MICs of fluconazole were high for all isolates (>64
mg/L), wheareas the MICs for other antifungals were variable (Appendix Table). With the exception of NRZ-2017545, all isolates carried either the Y132F or the K143R
mutations in the ERG11 gene. However, although these
mutations are linked to azole resistance, they did not result
in elevated MICs for all azoles in these isolates (Appendix
Table) (10). We identified a S639Y mutation in the FKS1
hotspot 1 of isolate NRZ-2017-505, which was highly resistant to anidulafungin (MIC 16 mg/L).
In conclusion, C. auris has so far been isolated
from individual cases in Germany. Most of these cases
(6 of 7) occurred in patients who had previously been
hospitalized abroad and were admitted to hospitals in
Germany for continuation of medical treatment. No information on contact or environmental screening was
1764

available; such screening was likely not performed in
most institutions. Thus, silent transmission and resulting carriage may have occurred unnoticed. However,
no secondary cases were detected in any of the 7 hospitals affected.
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Talaromyces marneffei and other Talaromyces species can
cause opportunistic invasive fungal infections. We characterized clinical Talaromyces isolates from patients in
California, USA, a non–Talaromyces-endemic area, by a
multiphasic approach, including multigene phylogeny, matrix-assisted laser desorption/ionization time-of-flight mass
spectrometry, and phenotypic methods. We identified 10
potentially pathogenic Talaromyces isolates, 2 T. marneffei.
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T

alaromyces marneffei is a dimorphic fungal pathogen that causes focal or systemic infection in immunocompromised persons, primarily HIV-infected patients
(1). Many cases have been reported in travelers returning
from areas of Southeast Asia, southern China, and eastern
India to which it is endemic. Other Talaromyces species
also have been reported to cause invasive fungal infections,
including T. amestolkiae (2), T. purpurogenus (3,4), and T.
piceus (5,6). Talaromyces species are common in air, soil,
and human habitats. Clinical laboratories in areas to which
this fungus is not endemic often do not perform identification of T. marneffei and other Talaromyces species (2).
Therefore, we devised a multiphasic approach for identifying T. marneffei and other potentially pathogenic Talaromyces species.
We conducted this study during 2018. Talaromyces
isolates from 10 human specimens were submitted to the
Microbial Diseases Laboratory (MDL), California Department of Public Health (Richmond, CA, USA), to rule
out T. marneffei (Appendix, https://wwwnc.cdc.gov/EID/
article/25/9/19-0380-App1.pdf). Temperature and pH are
known to influence pigment production and colony morphology of Talaromyces species; therefore, growth characteristics were observed using 2 different culture media
(Sabouraud dextrose agar, pH 5.6; and Sabouraud dextrose
agar, Emmons, pH 6.9), incubated at 25°C and 30°C. Fungal DNA was extracted using a previously reported method
(7). Talaromyces isolates were identified to species level
using the internal transcribed spacer (ITS) region, partial
β-tubulin gene (BenA), and partial RNA polymerase II
largest subunit gene (RPB1) (8). The ITS and partial BenA
and RPB1 sequences were used to search for homologies
in GenBank and CBS databases (http://www.westerdijkinstitute.nl/collections). Multigene phylogenetic analysis was conducted on the concatenated ITS–BenA–RPB1
nucleotide sequence alignment (Appendix). A blastn search
(https://blast.ncbi.nlm.nih.gov/blast) through the GenBank
database, pairwise comparison alignment through the CBS
database, or both showed 99%–100% homology for ITS,
97%–100% for BenA, and 91%–100% for RPB1 sequences with the best-matched sequences of known Talaromyces
species isolates.
Phylogenetic analysis of the Talaromyces isolates
showed 7 genetic clades, consistent with previous descriptions of the Talaromyces genera (9) (Figure). Species identification using a comparison of the ITS, BenA, and RPB1
sequences with existing sequences and multigene phylogenetic analysis identified T. marneffei (isolates MDL17022
and MDL18026), T. atroroseus (MDL17026, MDL17144,
MDL17164, and MDL18070), T. islandicus (MDL18167),
T. stollii (MDL18054), T. coalescens (MDL18102), and
T. australis (MDL18159). The 2 T. marneffei isolates produced diffuse red pigment early, by 3 days of growth, on
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both medium types and at both incubation temperatures.
T. australis and T. stollii isolates also produced red pigment by 3 days but with variations based on media or temperature. At 7 days of growth, the 4 T. atroroseus isolates
also showed variable red pigment production (abundant,
weak, and absent) (Appendix). Microscopically, most isolates showed biverticillate conidiophores and globose to
fusiform conidia in unbranched chains. Both T. marneffei
isolates were from HIV-positive patients. MDL17022 was
from a blood sample of a 37-year-old man with a travel history to Southeast Asia; MDL18026 was from skin tissue of
a 36-year-old man with no available travel history.
Using matrix-assisted laser desorption/ionizationtime-of-flight (MALDI-TOF) mass spectrometry, we
generated main spectrum profiles (MSP) of Talaromyces
species following Bruker’s custom MSP and library creation standard operating procedure (https://www.bruker.
com). We extracted proteins of Talaromyces isolates using the previously published National Institutes of Health
(NIH) protocol (10). We analyzed Talaromyces spectra
with MALDI Biotyper 4.1 software against combined databases of the Filamentous Fungi Library 2.0 (Bruker) and
the NIH Mold Library (10), with and without inclusion of
newly created MSPs of Talaromyces species (Appendix).
The threshold for species identification was >1.9; for genus identification, >1.7.
Using the combined databases of Filamentous Fungi
Library 2.0 (Bruker) and NIH Mold Library, we identified
none of the isolates to species level; results showed either no
identification or genus-level identification. However, when
we expanded the combined database with the MDL Mold Library, we correctly identified all Talaromyces isolates to the
species level with the best score >1.9. There were no ambiguous identification results; that is, the second-best matched
species also had a high confidence score >1.9.
T. marneffei can be readily differentiated from other
red pigment–producing Talaromyces species by yeast-like
colony conversion at 37°C. However, many clinical laboratories no longer conduct yeast conversions. For those
laboratories, yellow-green colonies producing red soluble
pigment at ≈3 days on common fungal culture media at
25°C–30°C might indicate the need to further confirm T.
marneffei. It is difficult to distinguish Talaromyces species
only by macroscopic and microscopic examination. Multilocus sequencing, although confirmatory, might be too
time-consuming and expensive for routine use. Therefore,
we identified all Talaromyces isolates to species level by
MALDI-TOF mass spectrometry by using an expanded database with well-characterized Talaromyces strains.
In conclusion, our results show that MALDI-TOF
mass spectrometry is a good choice for rapid, less expensive primary identification of Talaromyces species and
other medically important fungal pathogens. Species-level
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Figure. Phylogenetic analysis
of Talaromyces species
based on concatenated
nucleotide alignments of
internal transcribed spacer,
partial β-tubulin gene, and
partial RNA polymerase II
largest subunit gene regions,
showing the relationship
among clinical isolates from
patients in California, USA
(black squares), and reference
Talaromyces species. The
tree was constructed by the
neighbor-joining method with
1,000 bootstrap replicates
by using MEGA software
(https://www.megasoftware.
net). Bootstrap support values
>70% are presented at the
nodes. The tree was rooted
with Trichocoma paradoxa CBS
788.83. GenBank accession
numbers for newly generated
sequences are MK601832–41
for the internal transcribed
spacer, MK626499–508 for the
β-tubulin gene, and MK626509–
518 for the RNA polymerase
II largest subunit gene. CBS,
Westerdijk Fungal Biodiversity
Institute; MDL, Microbial
Diseases Laboratory, California
Department of Public Health.
Scale bar indicates estimated
phylogenetic divergence.

identification of Talaromyces isolates is clinically useful
for treatment of patients with underlying conditions, such
as immunodeficiency, cancer, advanced age, and immunosuppressive therapy.
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Parathyridaria percutanea is an emerging fungus causing
subcutaneous phaeohyphomycoses in renal transplant recipients in India. We identified P. percutanea from a patient
with subcutaneous phaeohyphomycosis. From our culture
collection, we identified the same fungus from 4 similar patients. We found 5 cases previously described in literature.
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P

arathyridaria percutanea, earlier known as Roussoella percutanea in the order Pleosporales, has
been reported to cause subcutaneous phaeohyphomycoses
(1,2). P. percutanea belongs to coelomycetes, a group of
fungi in which the conidia or asexual propagules lie within a cavity. Parathyridaria spp. generally exist as plant
saprobes; P. percutanea is the only species reported as an
opportunistic pathogen.
We recently observed a case of subcutaneous phaeohyphomycosis caused by P. percutanea. The patient was
a 33-year-old man who had ACTH-dependent Cushing’s
disease with 2 cutaneous lesions, one under the left axilla
and the other on the ulnar aspect of the left forearm, that
had progressed slowly over 3 years (Appendix Figure 1,
panel A, https://wwwnc.cdc.gov/EID/article/25/9/19-0383App1.pdf). Direct microscopy of a biopsy sample taken
from the left forearm lesion revealed dematiaceous septate
hyphae with irregular hyphal swellings (Appendix Figure 1, panel B). Colonies on Sabouraud’s dextrose agar at
25°C were flat, spreading with sparse aerial hyphae after
1 week, and later turned to cottony greenish-black growth
(Appendix Figure 1, panel C). Lactophenol cotton blue
mount revealed nonsporulating dematiaceous hyphae with
chlamydospores (Appendix Figure 1, panel D). Several attempts to induce sporulation (on oatmeal agar and malt extract agar) failed. Histopathologic examination (Appendix
Figure 1, panels E–G) showed neutrophilic infiltration with
fungal hyphae, nodular swellings on Giemsa stain, and
black hyphae on Grocott-Gomori’s methamine silver stain.
We identified the fungus as Roussoella percutanea of
the order Pleosporales, later renamed P. percutanea, by PCR
sequencing of the internal transcribed spacer (ITS) and 28S
regions of ribosomal DNA, as described previously (3). ITS
sequencing of our strain NCCPF104001 (GenBank accession nos. MG708109 [by ITS] and MG708116 [by 28S]) had
99.8% identity with CBS128203 (type strain, GenBank accession no. KF322117) and CBS868.95 (GenBank accession
no. KF322118), whereas 28S sequences had 100% identity
with CBS128203 (GenBank accession no. KF366448) and
CBS868.95 (GenBank accession no. KF366449) (Appendix
Figure 2, panels A. B). The patient refused further treatment
in the hospital and left against medical advice.
We screened all the isolates deposited in our National
Culture Collection of Pathogenic Fungi (NCCPF, Chandigarh) and characterized them phenotypically as Pleosporales. Of 7 such isolates, we identified 4 as P. percutanea by sequencing (Table, https://wwwnc.cdc.gov/EID/article/25/9/
19-0383-T1.htm). We further subjected these isolates to
phylogenetic analysis of ITS and large ribosomal subunit
(28S) of the rDNA using MEGA software version 6 (https://
megasoftware.net) (3). The strains identified as P. percutanea clustered together with the ITS and 28S sequences of
CBS12608 and CBS868.95 strains, the other 2 P. percutanea
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isolates reported with gene sequences (2). Phylogenetically,
Parathyridaria is now a distinct genus and clearly separated from closely related genera such as Roussoella and
Thyridaria (Appendix Figure 2, panels A, B).
We searched published literature on Medline and
PubMed for subcutaneous phaeohyphomycoses caused
by P. percutanea or R. percutanea and identified 5 cases
(Table). All 5 patients originated from tropical countries
including the Caribbean islands (5), Republic of the Congo
(6), Somalia (7), and India (2,8). Including these 5 with
the case-patients we identified from culture and our study
patient, 7 of 10 total cases originated in India. The patients
had lesions in the extremities; we expect that the fungus is
present in our environment and gains access from traumatic
inoculation of patients working in the field or walking barefoot. The clinical description of all 10 patients is presented
in the Table. Male patients outnumbered female patients. In
2 patients, underlying muscle tendon (2) and joint bursa (7)
were involved. No discharging sinus or granuloma formation was seen in any of the 10 patients.
P. percutanea infection occurred in immunosuppressed
patients; 9/10 patients were either renal transplant recipients
(7 patients) or on steroid therapy (2 patients). The disease
manifested 1–3 years posttransplant. Incidence of subcutaneous phaeohyphomycoses is reported in <3.6% of renal
transplant recipients (10). The tenth patient had diabetes, and
the infection of P. percutanea occurred at a tattoo site, manifesting 2 years after tattooing. The fungus may remain dormant in subcutaneous tissue after traumatic inoculation and
multiply slowly at the opportune time when host immunity is
depressed because of immunosuppression or diabetes.
The outcome of P. percutanea infection was known
in 5/10 patients, and they responded to surgical resection
of the lesion followed by voriconazole therapy. The joint
guidelines of the European Society of Clinical Microbiology and Infectious Diseases Fungal Infection Study Group
and the European Confederation of Medical Mycology on
the management of subcutaneous phaeohyphomycosis (9)
recommended surgical resection (recommendation AII)
along with oral azoles in immunosuppressed patients to
prevent dissemination of disease (recommendation BIII).
In vitro susceptibility testing, conducted for 3 isolates by
Ahmed et al. (2) and Almagro-Molto et al. (7), revealed
that P. percutanea exhibited low MIC to itraconazole, voriconazole, and posaconazole (Table). Therefore, itraconazole and posaconazole can be used in patients receiving
other liver-metabolized drug therapies.
Especially in renal transplant patients in India, P. percutanea could be a possible etiologic agent of subcutaneous
phaeohyphomycosis. Sequencing of ITS and 28S regions
of ribosomal DNA confirms diagnosis. Effective treatment
could include surgical excision of lesions and voriconazole
or posaconazole therapy.
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Cane toads, an invasive species in Australia, are resistant
to fungal pathogens affecting frogs worldwide (Batrachochytrium dendrobatidis). From toad skin swabs, we detected
higher proportions of bacteria with antifungal properties in
Queensland, where toad and pathogen distributions overlap,
than in other sites. This finding suggests that site-specific
pathogen pressures help shape skin microbial communities.

T

he westward and southward spread of invasive cane
toads (Rhinella marina) in Australia since their introduction to Queensland in 1935 threatens many native species. In addition to their skin-secreted bufotoxins affecting
predators, toads are resistant to the fungal pathogen Batrachochytrium dendrobatidis associated with global frog dieoffs, but their capacity to spread the pathogen to other frog
species remains unclear (1,2).
As a skin pathogen, B. dendrobatidis interacts not only
with the host’s immune system, but also with other community members in the skin microbiome (3). Many bacteria
on frog skin have antifungal properties that can help the
host fight B. dendrobatidis (4), and the presence of bacteria
with anti–B. dendrobatidis capacity may increase a host’s
pathogen resistance. In a previous study about gene expression in experimentally infected cane toads, their strong resistance to B. dendrobatidis was not attributed to strong immune function (1). Thus, the skin environment, including
microbes inhabiting it, alongside an immediate, localized
immune response, might play a large role in fighting the
pathogen and resisting disease (1).
Invading species are predicted to invest in less costly immune defenses while decreasing their investment
in costly inflammatory immune responses (5). With the
assumption that skin bacteria are relatively inexpensive
for the host to maintain, we used skin swab samples collected in 2017 to test whether cane toads have increased
1770

proportions of putative B. dendrobatidis–inhibiting bacteria at the invasion front in Australia, consistent with a
previously reported increased investment into low-cost
innate immune functions (6). Alternatively, we predicted
that patterns of B. dendrobatidis–inhibitory bacteria on toad
skin might depend on the current distribution of, and thus
likely exposure to, B. dendrobatidis. Our 4 sampling locations (8–18 per site; Appendix Figure 1, https://wwwnc.
cdc.gov/EID/article/25/9/19-0386-App1.pdf) comprised 2
sites overlapping the current B. dendrobatidis distribution
(Queensland) and 2 sites outside the area of threat of chytridiomycosis (Northern Territory and Western Australia).
These 4 sites also represent the toad’s westward expansion;
Western Australian toads were sampled near the invasion
front. Sampling was in accordance with Charles Darwin
University Animal Ethics permit A14012.
We compared bacterial amplicon sequence variants (sequences available on FigShare, https://doi.
org/10.6084/m9.figshare.7855670) against a database of
known anti–B. dendrobatidis isolates from the skin of
frog species around the world (4). We detected 63 bacterial types with previously described anti–B. dendrobatidis function in the wild toad samples in our study. The 4
sampling sites differed in the proportion of total sequences and bacterial types represented by putative B. dendrobatidis–inhibitory bacteria, and toads from Queensland
sites had proportionately more of these sequences and
taxa than did toads from other sites (Figure). Some of
the B. dendrobatidis–inhibitory bacteria were extremely
common among our samples (particularly at the Tully
site in Queensland [Appendix]).
Our results indicate that the skin bacterial communities on toads from sites overlapping the B. dendrobatidis distribution contain more putative B. dendrobatidis–
inhibitory bacteria than is the case for toads from sites
not yet invaded by the pathogen. Rather than following
predictions regarding immunocompetence at the invasion
front, this pattern suggests that B. dendrobatidis–inhibitory bacteria are selected for where the disease is present,
in concordance with the adaptive microbiome hypothesis
presented by Jin Song et al. (7). Outside of the B. dendrobatidis range, selection for anti–B. dendrobatidis microbes is relaxed; inhibitory microbes represent less of the
community, and some disappear.
In cane toads, juvenile life stages succumb to B. dendrobatidis, although they have higher survival rates and
better ability to clear an infection than other amphibians
(e.g., 1). The prevalence of bacteria with B. dendrobatidis–
inhibitory capacity on adult cane toads in Queensland suggests that the skin microbiome might confer some of the
resistance to disease in this host species. Although amphibian skin microbiome communities change across ontogeny, host species is a strong predictor of skin communities
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Figure. Proportions
of sequences (A) and
richness (B) represented
by Batrachochytrium
dendrobatidis–inhibitory
bacteria detected on the
skin of invasive cane
toads (Rhinella marina) at
4 sites in Australia, 2017.
Points indicate values for
individual toads. Box plots
indicate the median (thick
line), interquartile range
(box), reasonable range of
the data (dashed lines to
the whiskers), and outliers.
Letters above plots indicate significant differences from Tukey’s post hoc tests with p<0.05. QLD, Queensland; NT, Northern Territory;
WA, Western Australia.

across life stages (8). Thus, the communities found on these
adult toads may predict those found on juvenile toads.
Our results could be affected by larger differences in
bacterial community composition that can occur among
sampling sites in cane toads (9) and other frog species (8).
These differences could be due to diverse environmental
microbiota supported by climatic and other abiotic and biotic conditions that change across the landscape.
The detection of B. dendrobatidis–inhibitory microbes
at B. dendrobatidis–naive sites might be misleading. The
presence of a functional gene does not necessarily imply
gene activity (10). Thus, the approach of ascribing B. dendrobatidis–inhibitory roles based on presence might be too
simplistic in the absence of direct evidence of B. dendrobatidis–inhibitory action, which was outside the scope of this
study. Some of these bacteria may be commonly found on
cane toad skin, regardless of an active function to inhibit B.
dendrobatidis. Nonetheless, the higher frequency of these
bacteria in B. dendrobatidis–exposed locations suggests
that the microbiome on the skin of cane toads is shaped, at
least partly, by natural selection in response to geographic
variation in the degree of threat posed by specific diseases.
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We report a case of Plasmodium knowlesi malaria imported
to central Europe from Southeast Asia. Laboratory suspicion of P. knowlesi infection was based on the presence
of atypical developmental forms of the parasite in Giemsastained microscopic smears. We confirmed and documented the clinical diagnosis by molecular biology techniques.

T

he simian malaria parasite, Plasmodium knowlesi, is an
emergent public health threat for persons traveling to
Southeast Asia (1). We report a case of P. knowlesi malaria
imported to central Europe from Southeast Asia.
On June 25, 2018, a 27-year-old woman returned
to Poland after an 8-month tourist stay in Southeast
Asia (Appendix Figure 1, http://wwwnc.cdc.gov/EID/
article/25/9/19-0445-App1.pdf). The patient did not use
malarial chemoprophylaxis during her travels. While in
Sumatra, Indonesia, she experienced 2 episodes of subfebrile body temperature of <38°C. After returning to Poland,
she reported having general malaise, weakness, chills, and
a low-grade fever. She consulted a family physician, who
diagnosed pharyngitis and recommended empiric antimicrobial drug therapy, cephalosporin combined with a fluoroquinolone, which provided no clinical improvement. After another episode of fever (temperature 39°C), she sought
treatment at the regional hospital in Racibórz, Poland. Basic laboratory tests revealed leucopenia, thrombocytopenia,
and elevated levels of C-reactive protein and procalcitonin.
The patient did not have any chronic diseases or drug allergies. She was not pregnant, and her family history was
unremarkable.
On July 5, 2018, the patient was transferred to the Department of Tropical and Parasitic Diseases, Poznań University of Medical Sciences, Poznań, Poland, because of
high fever. At admission, on day 5 of her illness, she was
conscious and responded logically. Her clinical status was
stable. She was febrile (temperature 40°C) and experiencing
hypotension (91/68 mm Hg), chills, headache, weakness,
1772

malaise, and tachycardia (110 bpm) but did not have signs
of multiorgan failure. Laboratory analyses showed mild
normocytic anemia (hemoglobin 10.3 g/dL, hematocrit
29.0%, and erythrocyte count 3.34 × 1012 cells/L); low levels of platelets (22 × 109/L), leukocytes (2.13 × 103/μL),
neutrophils (0.76 × 103/μL), and lymphocytes (1.01 × 103/
μL); marked elevation of inflammatory markers C-reactive
protein (66.3 mg/L) and procalcitonin (0.67 ng/mL); a high
concentration of D-dimers (6.48 × 103 mg/mL); slightly
prolonged prothrombin time (12.9 s); and elevated lactate
dehydrogenase level (249 U/L).
Staff examining the first thick and thin blood films
during screening in the emergency department reported
an “atypical mixed infection with P. vivax and P. malariae with a strange morphology of the parasites” and a
low parasitemia of 0.3%. A reference microscopic analysis performed at the Department of Tropical and Parasitic Diseases, Poznań University of Medical Sciences,
showed infected erythrocytes of normal size and shape
with a lack of Schuffner stippling and Maurer’s cleft. We
observed multiple young trophozoites in the erythrocytes,
with a delicate, thin ring of cytoplasm. Some also had
narrow band shapes. In addition, we saw mature schizonts with <16 merozoites, large round gametocytes, and
notable amounts of hemozoin pigment (Appendix Figure
2). ELISA revealed a high level of Plasmodium sp. IgM/
IgG (52 U/mL), but we could not identify the Plasmodium
species from these features. We later used PCR to confirm
P. knowlesi infection from peripheral blood collected in
EDTA tubes and frozen at –20°C. In brief, we extracted
DNA from a 1.2-mL venous blood sample by using an
automated nucleic acid extractor, MagCore HF16 Plus,
with a MagCore genomic DNA large volume whole blood
kit (RBC Bioscience Corp., https://www.rbcbioscience.
com), according to standard protocol. To identify the
Plasmodium species, we used nested PCR according to
Komaki-Yasuda et al. (2). In patients with previously described P. falciparum malaria, we have observed a specific band for the parasite. We did not observe this band
in the case-patient’s sample, suggesting infection with
another Plasmodium species. The P. vivax primers did
not yield amplification, but the P. knowlesi oligos resulted
in clear bands, indicating that this patient was infected
with P. knowlesi (Figure). In addition, the P. knowlesi
band diminished after malarial therapy, demonstrating
treatment efficacy.
On the basis of the patient’s travel history, clinical
signs and symptoms, test results, and World Health Organization guidelines (3), we diagnosed uncomplicated P.
knowlesi infection. The patient received oral artemether
and lumefantrine combined with intravenous doxycycline
and the parasites cleared in microscopic smears within 4
days. The patient’s fever subsided, her blood morphology

Emerging Infectious Diseases • www.cdc.gov/eid • Vol. 25, No. 9, September 2019

RESEARCH LETTERS

About the Author
Dr. Nowak is a physician and research fellow at the Department
and Clinic of Tropical and Parasitic Diseases, Poznań University
of Medical Sciences, Poznań, Poland. His research interest is in
imported tropical diseases.
References
1.

Figure. Nested PCR of Plasmodium knowlesi DNA isolated from
a patient in Poland with recent travel to Southeast Asia. Lane 1a,
patient sample from day of admission; lane 1b, patient sample
taken 11 days after implementing malarial treatment; lanes 2
and 3, samples taken from patients previously diagnosed with
Plasmodium falciparum malaria; lane 4, sample from an afebrile
person from Poland with no history of travel to tropical countries.
*GAPDH, glyceraldehyde 3-phosphate dehydrogenase.

and biochemistry parameters improved, and her levels of
inflammatory and coagulation system markers decreased.
In addition, PCR was negative for P. knowlesi DNA in peripheral blood after treatment. During a 3-month follow-up
period, morphological and biochemical laboratory parameters all normalized, and the level of Plasmodium-specific
antibodies diminished to <28 U/mL.
In conclusion, we describe a rare case of P. knowlesi
infection imported to Poland in a traveler returning from
Southeast Asia. Previous research studies report imported cases of P. knowlesi malaria in travelers returning to
other countries in western and northern Europe, including Spain, Italy, France, Germany, and Sweden (4–10).
Travelers from Poland increasingly choose Southeast
Asia as a common and popular destination. With that in
mind, parasitology laboratories in Poland could diagnose
P. knowlesi more often as an etiologic agent of tropical
malaria. The ambiguous morphology and low number of
parasites seen in microscopy make diagnosing P. knowlesi
difficult. Proper diagnosis relies on thorough epidemiology, including travel history, augmented with molecular
biology techniques.
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In 2018, a previously unknown Ebola virus, Bombali virus, was discovered in Sierra Leone. We describe
detection of Bombali virus in Guinea. We found viral RNA
in internal organs of 3 Angolan free-tailed bats (Mops
condylurus) trapped in the city of N’Zerekore and in a nearby village.

I

n 2018, a new species of the genus Ebolavirus (family
Filoviridae), Bombali virus (BOMV), was discovered in
Sierra Leone (1). The virus was detected in oral and rectal
swab specimens from 2 free-tailed bat species, Chaerephon
pumilus (little free-tailed bat) and Mops condylurus (Angolan free-tailed bat). Both bat species are widespread in Africa, and their ranges include countries where human Ebola
virus disease (EVD) outbreaks have occurred. Forbes et al.
(2) detected BOMV RNA in mouth swabs and internal parenchymal organs, except kidneys, of M. condylurus bats in
Kenya in May 2018.
Most known outbreaks of EVD among humans were
Zaire Ebola virus, including the large epidemic in West
Africa during 2013–2016 (3). The reservoir hosts of Ebola virus (EBOV) remain unclear, but bats commonly are
suspected. Viral RNA and EBOV antibodies have been
detected in a few species of fruit bats (4,5). The discovery of BOMV supports the hypothesis regarding the role
of bats as hosts of EBOVs, but further study is required to
determine the bat species involved in viral transmission,
prevalence of the virus in bat populations, and geographic
distribution of the virus.
We detected BOMV RNA in free-tailed bats in
N’Zerekore Prefecture, Guinea. We trapped bats in Guinea
and Liberia during 2018–2019 (Table; Appendix, https://
wwwnc.cdc.gov/EID/article/25/9/19-0581-App1.pdf) and
detected BOM VRNA by reverse transcription PCR in 2
pools of kidney and lung samples from 2 M. condylurus bats
captured in Yalenzou village in May 2018 (cycle threshold
[Ct] 17.4 and 19.6) and in a pool of liver and spleen tissues
(Ct 28.2) of an M. condylurus bat from a school in the city
of N’Zerekore in March 2019 (Table). Blood, intestine, and
brain samples were negative for viral RNA. Sequencing of
the 483-bp fragment of the large gene (GenBank accession
no. MK543447) demonstrated 99.3% identity with BOMV
RNA from Sierra Leone (accession no. NC039345) and
98.3% identity with BOMV RNA from Kenya (accession
no. MK340750).
Marí Saéz et al. (5) suggested that the Angolan freetailed bat was the most plausible zoonotic source of the EVD

Table. Locations where free-tailed bats were trapped and tested for Bombali virus, Guinea and Liberia*
Species, no. tested (no. positive)
Location
Date
Total trapped
Mops condylurus
Chaerephon pumilus
Yalenzou
2018 May 4
26
26 (2)
0
Gbao
2018 May 2
1
0
1
Yalenzou
2019 Mar 2
30
30
0
Bololowee†
2019 Mar 3
11
11
0
N’Zerekore, school
2019 Mar 5
47
27 (1)
0
N’Zerekore, house
2019 Mar 6
23
1
0
N’Zerekore, gazebo
2019 Mar 7
5
0
0
Dar Salam‡
2019 Mar 17
22
14
8
Total
165
109 (3)
9

Chaerephon cf. major
0
0
0
0
20
22
5
0
47

*All bats were collected in N’Zerekore Prefecture, Guinea, except as indicated, and were tested by reverse transcription PCR for Bombali virus.
†Liberia.
‡Madina Oula Prefecture, Guinea.
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epidemic in West Africa. In addition, EBOV nucleotide sequences previously have been found in Hypsignathus monstrosus, Epomops franqueti, and Myonycteris torquata bats
in Gabon (6). He et al. (7) detected filovirus RNA in brown
fruit bats (Rousettus leschenaultii) in China, and another
study showed that 3 distinct groups of unclassified filoviruses are circulating in Eonycteris spelaea and Rousettus spp.
fruit bats in China (8). These studies demonstrate that bats
are promising targets for identifying emerging filoviruses,
and additional Chiroptera species, both insectivorous and
fruit bats, should be examined for EBOVs.
EBOV IgG was detected in the human population of
Sierra Leone in 2006, 8 years before the EVD outbreak
began in that country (9). Seroprevalence to EBOVs was
also found in the medical staff of hospitals that were not
involved in treating EVD-positive patients and in community contacts that worked with villages where EVD was not
detected (10). The highest seroprevalence to EBOVs was
found in the inhabitants of villages with the lowest number of documented EVD cases during the 2013–2016 outbreak in Sierra Leone (10). Cross-reactivity or nonspecific
binding could be responsible for artifacts of immunoassay.
However, other plausible explanations for the presence of
antibodies against EBOV among persons with no symptoms
of EVD exist, including subclinical EBOV infection in humans and antibody reactions to previously undiscovered,
nonpathogenic filoviruses. The newly discovered BOMV
could be a causative agent of these types of asymptomatic
infections that produce antibodies with cross-reactivity to
other EBOVs. Other undiscovered filoviruses also could be
circulating in the region. Further surveillance with familylevel primers is needed for insectivorous bats, as well as
fruit bats and patients with acute infections.
Although BOMV had been detected in the northern part
of Sierra Leone (1) and in the Taita Hills area of Kenya (2),
we isolated it from bats in Guinea, far from these sites. Our
finding provides additional evidence that BOMV is more
widely distributed than previously suspected. Consequently,
we advise screening of free-tailed bats for BOMV across
their range. The high concentration of BOMV RNA we
found in the internal organs of M. condylurus bats provides
additional confirmation that BOMV could amplify in these
bats and that this species is a reservoir host of this virus.
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Chronic pulmonary blastomycosis is often misdiagnosed
and treated as tuberculosis in disease-endemic and non–
disease-endemic areas. We report the case of a 32-year-old
man who, after visiting Chicago, Illinois, USA, returned to
India and received treatment for tuberculosis for 12 months
before receiving the correct diagnosis of blastomycosis.

B

lastomyces dermatitidis is a dimorphic fungus that
is rarely reported from India; no well-defined area
of endemicity in that part of the world has been recorded
(1). However, it is endemic to the Ohio and Mississippi
River valleys of North America and the states bordering
the Great Lakes (2). Acute pulmonary infection is caused
by inhalation of aerosolized B. dermatitidis conidia, which
convert to yeast forms within the lungs (3). In the acute
stage, blastomycosis may be misdiagnosed as bacterial
pneumonia and sometimes as another illness. Most cases
of blastomycosis are usually diagnosed after the infection
has become chronic. Severe pulmonary disease can occur
in apparently immunocompetent, as well as immunocompromised, persons (3). Persons from non–disease-endemic
areas usually acquire this disease during travel to diseaseendemic areas (1).
In November 2014, a 32-year-old man, native to the
state of Kerala, India, sought care for multiple discharging sinuses on his anterior chest wall (Figure, panel A).
He weighed 75 kg and had been receiving first-line antituberculosis (anti-TB) therapy for 12 months for nonresolving left upper lung lobe consolidation. Skin on his legs
and forearms showed patchy hair loss without erythema,

nodularity, or scarring. Past records showed that sputum,
bronchoalveolar lavage fluid, and pus from a cold abscess
were negative for Mycobacterium tuberculosis by smear,
culture (BACTEC MGIT 960; Becton Dickinson, https://
www.bd.com), and PCR (Cepheid Xpert MTB-RIF, http://
www.cepheid.com). A fine-needle aspirate, obtained from
the left upper lung lobe with computed tomography guidance, showed suppurative granulomas. Results of Mantoux, anti–cyclic citrullinated peptide, antinuclear antibody testing, and serologic testing for HIV were negative.
In the absence of a definitive diagnosis, first-line anti-TB
therapy was empirically initiated and continued for another
12 months without any clinical improvement.
High-resolution computed tomography of the chest
showed consolidation with air space opacities, and multiple subcutaneous pockets of pus with discharging sinuses above the sternum were noted. Detailed travel
history revealed that before the illness, the patient had
worked on a 9-month project in Chicago, Illinois, USA,
during which time he resided in Lisle, Illinois. He did
not indulge in outdoor activities that may increase the
possibility of inhaling spores of this fungus, such as river rafting or hiking.
At the Department of Microbiology, Amrita Institute of
Medical Sciences and Research Centre, Kochi, India, Gram
and calcofluor white staining of the pus collected from the
discharging sinus showed budding yeast cells (Figure, panel B). Examination of a pus smear revealed no acid-fast bacilli. Pus was cultured on Sabouraud dextrose agar and 5%
sheep blood agar. Biopsy samples from lesions on the forearm, stained with periodic acid–Schiff and Grocott-Gomori
methenamine silver, were negative for fungal elements.
Because of strong suspicion of a fungal infection,
probably blastomycosis, and considering the patient’s stay
in Chicago, anti-TB therapy was replaced with itraconazole
at a dose of 200 mg 2×/d. Cultures on Sabouraud dextrose
agar grew a dimorphic fungus identified microscopically
as B. dermatitidis and confirmed by sequencing (GenBank
accession no. KT443881). Antifungal susceptibility (according to the Clinical and Laboratory Standards Institute,
https://clsi.org) showed low MICs for itraconazole (0.06
µg/mL), voriconazole (0.25 µg/mL), amphotericin B (0.5

Figure. Patient with
blastomycosis, India, 2014. A)
Photograph of chest showing
actively discharging sinuses
before treatment with antifungal
medication. B) Slide of Gramstained pus discharge, showing
broad-based budding yeast cells.
The insets show Gram staining
of the same organism, with
narrow and broad-based budding in different fields. Original magnification ×100. C) Photograph of chest showing closed sinuses and
disappearance of sinus line after treatment with antifungal medication.
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µg/mL), micafungin (0.125 µg/mL), anidulafungin (0.06
µg/mL), and caspofungin (0.25 µg/mL). After 12 months
of antifungal therapy, the chest wall sinuses closed and the
sinus lines disappeared (Figure, panel C). High-resolution
computed tomography showed complete healing of left upper lobe lesions, which had resulted in focal fibrosis and
cystic and tubular traction bronchiectasis. At this time, antifungal therapy was discontinued.
Chronic pulmonary blastomycosis results in chronic
cough, weight loss, and hemoptysis, often masquerading as
TB or malignancy (4). The patient described here exemplifies
the challenges of diagnosing pulmonary blastomycosis in a
non–blastomycosis-endemic area where TB is prevalent. Most
patients receive multiple courses of anti-TB treatment, which
can delay blastomycosis diagnosis by >1 month (5). Chronic
pulmonary blastomycosis has been misdiagnosed and treated
as TB in disease-endemic and non–disease-endemic areas
(1,4). Even in blastomycosis-endemic areas such as Illinois,
the median time from onset to diagnosis is 128 days (range
12–489 days) (6). The presence of skin lesions increases the
recognition of blastomycosis (2). The patient reported here
had worked for 9 months in an area where B. dermatitidis is
highly endemic (6). Presence of skin lesions, negative mycobacterial cultures and Xpert MTB/RIF assay results, and the
absence of response to anti-TB treatment should have raised
the suspicion of blastomycosis for this patient.
Definitive diagnosis of blastomycosis can be made
only by culture, which often takes weeks. Direct potassium hydroxide smears and cytopathology are inexpensive,
produce rapid results, and can demonstrate characteristic
broad-based budding yeasts in samples (1). Although the
sensitivity of urinary antigen test for blastomycosis is high,
that test lacks specificity because of cross-reactions with
Histoplasma spp. (7).
Blastomycosis is rarely reported in India; a review
by Kumar et al. (1) reported only 6 definitively diagnosed
cases, of which 2 were associated with travel to diseaseendemic areas in the United States (8,9). The choice of antifungal medication for blastomycosis depends on disease
severity. For severe disease, the recommended treatment is
initial amphotericin B therapy for 1–2 weeks followed by
oral itraconazole; for mild and moderate disease, the recommended treatment is oral itraconazole. A minimum of 6
months of treatment is required for all patients with pulmonary blastomycosis (8).

A high index of suspicion is needed to detect blastomycosis in non–disease-endemic areas where TB is prevalent.
Clinicians should elicit a thorough travel history from patients with illness that does not respond to anti-TB treatment.
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We present 2 fatal cases of invasive fungal disease with
isavuconazole treatment failure in immunocompromised
patients: one with a TR34-L98H azole–resistant Aspergillus
fumigatus isolate and the other a Rhizomucor–A. fumigatus
co-infection. Such patients probably require surveillance by
galactomannan antigen detection and quantitative PCRs for
A. fumigatus and Mucorales fungi.

I

savuconazole, an antifungal azole used to treat invasive
fungal diseases (IFDs), is approved as a first-line treatment for invasive aspergillosis and can be used as an alternative treatment for mucormycosis (1). We present 2 cases
of IFD and isavuconazole treatment failure in acute myeloid leukemia (AML) patients with prolonged neutropenia
after hematopoietic stem-cell transplantation (SCT).
Patient 1, a 52-year-old truck driver with AML
(diagnosed in 2017), received a haplo-identical SCT (day
0) 4 months after the diagnosis. The patient had incomplete
hematologic reconstitution and experienced graft-versushost disease of the digestive tract (day 0), which we
treated with corticosteroids and ruxolitinib. We gave the
patient oral posaconazole (300 mg/day, starting day 1) for

IFD prophylaxis, as recommended by the 4th European
Conference on Infections in Leukaemia (2). On about day
65, we diagnosed probable invasive aspergillosis according
to the criteria of the European Organisation for Research and
Treatment of Cancer Mycoses Study Group (3,4); the patient
had fever, neutropenia, and a discrete pulmonary lesion on
chest computed tomography (CT), and serum samples were
repeatedly positive by an in-house A. fumigatus quantitative
PCR (qPCR) but negative for galactomannan antigen
(Figure) (1,4). On the same day, we switched treatment
to oral isavuconazole (200 mg/day). On day 126, chest
CT showed the persistence of pulmonary lesions, and we
switched patient treatment to liposomal amphotericin B (5
mg/day by injection). Thereafter, serum samples became
repeatedly positive for galactomannan antigen and A.
fumigatus DNA. At day 158, we found TR34-L98H azole–
resistant A. fumigatus fungus in his bronchial aspirate.
The French National Reference Center for Invasive
Mycoses and Antifungals (Paris, France) performed
MIC testing using European Committee on Antibiotic
Susceptibility Testing methods (https://www.pasteur.
fr/fr/sante-publique/CNR/les-cnr/mycoses-invasivesantifongiques). The following MICs were obtained:
amphotericin B 0.25 mg/L (susceptibility unknown, no
breakpoint available), itraconazole >8 mg/L (resistant),
isavuconazole 4 mg/L (resistant), and voriconazole 2 mg/L
(susceptible). The patient died 182 days after the SCT.
Patient 2, a 61-year-old businessman with AML
(diagnosed in 2013), received his first allogenic hematopoietic
SCT 4 months after the diagnosis. He experienced a
relapse 3 years after the first transplantation, and a second
allogenic hematopoietic SCT was performed (day 0), which
was followed by severe sepsis with Escherichia coli. An
excavated nodule was visible on chest CT (day 4), and the
A. fumigatus biomarker was repeatedly positive, suggesting
probable invasive aspergillosis according to European
Organisation for Research and Treatment of Cancer criteria
(3). On day 5, treatment with isavuconazole (200 mg/
day orally) was initiated. Graft-versus-host disease of the
digestive tract also developed (day 12) in this patient, which
Figure. Evolution of fungal
biomarkers, computed
tomography chest scans,
and antifungal treatments for
immunocompromised patient
1 with invasive Aspergillus
fumigatus infection, France,
2018. Arrows indicate lesions.
qPCR, quantitative PCR.
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we treated with ruxolitinib, tacrolimus, and prednisolone.
On day 92, the patient had asthenia, fever, and thoracic pain,
and chest CT showed multiple micronodules. On days 95–
116, systematic fungal surveillance testing of serum samples
showed 1 test positive for galactomannan antigen, 4 positive
for A. fumigatus DNA, and 3 positive for Rhizomucor DNA.
Two cultured pulmonary samples collected on days 114
and 116 were positive for A. fumigatus. We performed
ETESTs (bioMérieux, https://www.biomerieux-diagnostics.
com), which indicated the following MICs: amphotericin
B 0.023 mg/L (susceptibility unknown), isavuconazole
0.25 mg/L (susceptible), and voriconazole 0.38 mg/L
(susceptible). We switched patient treatment to liposomal
amphotericin B (5 mg/kg by injection) on day 117, but the
patient died on day 129.
These 2 cases had in common AML treated by SCT,
followed by severe digestive graft-versus-host disease, IFD
resistant to isavuconazole diagnosed >100 days after SCT,
use of combined fungal biomarkers to detect IFD, and death
despite rapid prescription of amphotericin B. Severe digestive
graft-versus-host disease might have affected the levels of
isavuconazole absorbed by the patient because the drug was
administered orally in both cases. Intravenous isavuconazole
is not recommended for treating IFD and was not available at
the treatment facility (University Hospital, Besançon, France).
However, these cases suggest that isavuconazole levels should
be checked in patients with severe digestive graft-versushost disease. For patient 1, a change in class of antifungal
drugs could have been made as early as day 65, and earlier
treatment with amphotericin B could have had a positive
effect on his prognosis. The long duration between the initial
positive qPCR and galactomannan antigen test result suggests
patient 1 might have been infected with multiple A. fumigatus
isolates, with 1 being resistant. For patient 2, the systematic
use of Mucorales qPCR enabled early detection of a mixed
Aspergillus-Mucorales fungal infection (5). These types of
mixed mold infection were reported to have a prevalence of
25% in studies including Mucorales qPCR (6). The diagnosis
of Rhizomucor infection was based on 3 successive samples
being positive by Rhizomucor qPCR. A Mucorales qPCR of
the patient’s bronchoalveolar lavage fluid (validated assay
with satisfying sensitivity) was surprisingly negative (6).
In summary, these cases demonstrate that systematic
surveillance is needed for severely immunocompromised
patients treated for IFD. Galactomannan antigen detection
and qPCRs targeting Aspergillus fumigatus and Mucorales
fungi might be the optimal surveillance strategy.
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Four major clades of Candida auris have been described,
and all infections have clustered in these 4 clades. We identified an isolate representative of a potential fifth clade, separated from the other clades by >200,000 single-nucleotide
polymorphisms, in a patient in Iran who had never traveled
outside the country.

I

n the past decade, Candida auris has emerged in healthcare facilities as a multidrug-resistant pathogen that can
cause outbreaks of invasive infections (1). C. auris has
now been identified in >35 countries, many of which have
documented healthcare-associated person-to-person spread
(2). Transmission of this yeast is facilitated by its ability to

colonize skin and other body sites, as well as its ability to
persist for weeks on surfaces and equipment (3).
Whole-genome sequencing of C. auris has identified
4 major populations in which isolates cluster by geography (4). These populations are commonly referred to as the
South Asian (I), East Asian (II), African (III), and South
American (IV) clades. Worldwide, C. auris isolates continue to cluster in 1 of the 4 clades (Figure; 5–7). We report
an isolate representative of a fifth clade in Iran from a patient who never traveled outside that country. The patient
was a 14-year-old girl in whom C. auris otomycosis had
been diagnosed; her case was the first known C. auris case
in Iran (8).
We conducted whole-genome sequencing of the isolate
from Iran and 74 isolates from other countries (Appendix,
https://wwwnc.cdc.gov/EID/article/25/9/19-0686-App1.
pdf) and confirmed that the isolate from Iran was genetically distinct from the 4 existing clades, having a difference
of >200,000 single-nucleotide polymorphisms compared
with the other 4 clades. Isolates from the East Asian clade
were its closest neighbors. Within the South Asian clade,
isolates from C. auris cases in India, Pakistan, the United
Kingdom, and the United States clustered together; within
the East Asian clade, isolates from cases in Japan, South
Korea, and the United States clustered together; within
the African clade, isolates from cases in South Africa, the
United Kingdom, and the United States clustered together;
Figure. Major clades of
Candida auris. Maximumlikelihood phylogenetic tree
shows isolates from C. auris
cases from 10 countries.
Circles at nodes indicate
separations with a bootstrap
value >99%. A color version of
this figure is available online
(http://wwwnc.cdc.gov/EID/
article/25/9/19-0686-F1.htm).
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and within the South American clade, isolates from cases
in Colombia, the United States, and Venezuela clustered
together (Figure).
The C. auris isolate from Iran appears to represent a
fifth major clade. Although this case was reported in 2018,
additional cases of C. auris infections and colonization are
thought to exist in Iran, given that challenges in diagnostic
capacity in the country have probably limited the identification of more C. auris cases. The patient in this case was
reported to have never traveled outside Iran (8), suggesting that this population structure might not be a result of
a recent C. auris introduction into the country and that it
might have emerged in Iran some time ago. Determining
whether additional C. auris cases exist in Iran and whether
such strains are related will help shed light on how C. auris
emerged in Iran.
The isolate from Iran was susceptible to the 3 major
classes of antifungal drugs and was cultured from ear swab
specimens from the patient (8). C. auris of the East Asian
clade is thought to have a propensity for the ear that is uncharacteristic of the other major clades (9). A recent study
showed that, of 61 C. auris isolates obtained from 13 hospitals across South Korea during a 20-year period, 57 (93%)
came from ear cultures (10). Although a systematic analysis has not been conducted, there are limited reports of ear
infections or colonization caused by C. auris of the South
Asian, African, or South American clades, so it is of interest that the isolate from Iran was most closely related to
isolates of the East Asian clade, albeit with a difference of
hundreds of thousands of single nucleotide polymorphisms.
Ultimately, our discovery is a reminder that much about C.
auris remains to be learned and underscores the need for
vigilance in areas where C. auris has not yet emerged.
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The largest outbreak of dengue fever in Tanzania is ongoing. Dengue virus type 1 was diagnosed in a traveler who
returned from Tanzania to Japan. In phylogenetic analysis,
the detected strain was close to the Singapore 2015 strain,
providing a valuable clue for investigating the dengue outbreak in Tanzania.

D

engue fever is a febrile illness and a major public
health problem caused by dengue virus (DENV),
which infects almost 400 million persons worldwide every year (1). DENV has 4 serotypes (DENV-1–4), which
are antigenically distinct. Although many countries in Africa are listed as being at a risk of DENV transmission, the
molecular characterization of circulating DENV strains in
these countries is poor.
In Tanzania, the number of patients with dengue fever
increased sharply during April–May 2019, when >3,000
new suspected dengue cases were reported, including 2
deaths. Of these cases, 71.4% were confirmed by rapid diagnostic tests according to the World Health Organization; this
total exceeded the previous worst dengue outbreak in 2014,
which had 2,129 suspected and 1,018 confirmed cases (2).
DENV-2 was reported as the causative agent of the 2014
outbreak in Tanzania (3,4), whereas DENV-3 exported from
Tanzania was also documented (5). We describe the case of a
traveler from Japan who was infected with DENV-1 in Tanzania amid the country’s largest dengue outbreak in 2019.
In early May 2019, a 32-year-old man who returned
to Japan from Tanzania was admitted to Osaka City General Hospital in Osaka, Japan, after receiving a diagnosis of
dengue fever at the Kansai International Airport quarantine
station. He had been vaccinated against yellow fever before
travel; additional test results were negative for chikungunya
virus, Zika virus, and malaria. During his 10-day stay in
Tanzania, the patient arrived at the airport in Dar es Salaam
and stayed there during days 1–2 (specific locations in the
1782

Appendix Figure, http://wwwnc.cdc.gov/EID/article/25/9/
19-0814-App1.pdf). On day 3, the patient flew to Kigoma,
located in northwestern Tanzania; he reported being bitten
by mosquitoes several times during the day there. On day 4,
he visited Mahale Mountains National Park; the visit lasted
for 3 days. On day 7, the patient returned to Kigoma and
noticed fever and headache (disease onset). He traveled to
Dar es Salaam on day 8 and stayed there for 2 days but was
sick in bed at the hotel the entire time. He left Tanzania on
day 10 to return to Japan and subsequently reported that he
had been bitten by mosquitoes only in Kigoma.
We detected DENV-1 in the patient’s blood sample,
collected 4 days after disease onset, using real-time reverse
transcription PCR (RT-PCR) (6). We amplified a region of
the envelope gene (1,485 nt) by RT-PCR using DENV-1–
specific primers (7) and determined the sequence by direct
sequencing (deposited in the DNA Data Bank of Japan as
DV1/TZA/19RM-Osaka under accession no. LC485151).
Through phylogenetic analysis based on a recent report (8),
we classified the DV1/TZA/19RM-Osaka strain as genotype V and closely related to a 22125 strain in Singapore
in 2015 with 98.6% nucleotide identity (Figure). The DV1/
TZA/19RM-Osaka strain was distinct from other genotype V
strains detected in Africa, suggesting that the DENV-1 strain
in Tanzania might have been introduced from outside Africa.
Dengue outbreaks occurred in 2010, 2012, 2013, and
2014 in Dar es Salaam, with the largest in 2014 (3). Recent
studies have reported DENV-2 as the cause of the 2014 outbreak; the high similarity of the virus to DENV-2 strains
from China, India, East Timor, and Singapore indicates that
it might have been introduced by travelers from Asia (4).
Another study indicated that DENV-3 was introduced or
reintroduced in Tanzania from other countries in Africa or
from the Middle East (5). In this study, we showed that the
transmission of DENV-1, the genome of which was phylogenetically related to the strain derived in Singapore, has
occurred in Tanzania.
Dar es Salaam has been the epicenter of the 2019 dengue outbreak and past outbreaks. From this patient’s mosquito bite history, we concluded that the patient was most
likely infected with DENV-1 in Kigoma, but we cannot
deny the possibility of unrecognized mosquito bites in Dar
es Salaam. A recent study showed that 1% of dengue cases
in the 2014 outbreak were reported from regions outside
Dar es Salaam, including Kigoma, and model prediction
suggested that Kigoma could have the possibility of occurrence of dengue concurrently with the dengue outbreak in
Dar es Salaam (9). However, the disease was not detected on a large scale because of a lack of proper diagnosis
(9), which suggests several unrecognized dengue cases in
Kigoma even in the ongoing 2019 outbreak. Taken together, the DV1/TZA/19RM-Osaka strain may have originated
from the outbreak strain in Dar es Salaam in 2019.
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Figure. Maximum-likelihood
phylogram of the envelope gene
(1,485 nt) of dengue virus type
1 strains detected in Osaka,
Japan, 2019 (arrow), Africa
(black squares), and reference
strains. Based on Bayesian
information criteria, the TamuraNei plus gamma model was
used to construct the phylogram.
Numbers at the nodes indicate the
bootstrap support values, which
are expressed as a percentage of
1,000 replicates (values <80% are
omitted). Each strain is identified
by strain name, 2-letter country
name abbreviation (country
exported from/to, in the case of
travelers), and detection year;
accession numbers are shown
in parentheses. Genotype I–IV
branches are condensed for
space. Scale bar indicates genetic
distance (nucleotide substitutions
per site). AO, Angola; BD,
Bangladesh; CD, Democratic
Republic of the Congo; CI, Côte
d’Ivoire; GA, Gabon; IN, India;
JP, Japan; KM, Comoros; NG,
Nigeria; SG, Singapore; TW,
Taiwan; TZ, Tanzania.

The phylogenetic relationships among DENV strains
detected at different locations during the same epidemic in
Tanzania are yet to be studied. Our data contribute to a better understanding of the epidemiology of DENV infections
in Tanzania. Additional studies of dengue fever in Tanzania, not only in Dar es Salaam but also in other regions,
would further clarify the epidemiology of this serious public health concern in this country.
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BOOKS AND MEDIA
Infections of Leisure,
Fifth Edition
David Schlossberg, editor; ASM Press, Washington,
DC, USA, 2016; ISBN-10: 1555819222; ISBN-13:
978-1555819224; e-ISBN: 978-1555819231; Pages:
411; Price: $80

T

he fifth edition of Infections of
Leisure is a comprehensive, detailed survey of infectious hazards
associated with a number of activities we may do in our leisure time,
such as eating exotic cuisines, challenging ourselves at high altitude,
owning pets, playing at the seashore
or in a pool, getting tattoos or body
piercings, and traveling abroad.
This edition has been updated to
“… incorporate new and changing pathogens that can compromise our leisure activities” (1).
As in previous editions, this edition covers infections
associated with just about any type of leisure activity one
can imagine and contains good doses of history alongside
clinical, microbiological, and epidemiologic information. I
was fascinated by the history of humankind’s attempts to
eradicate rats (Chapter 9: Diseases Transmitted by Man’s
Worst Friend: The Rat), a notable failed effort; the anecdote about the Duke of Richmond, the Governor General
of British North America (now Canada) in 1817, who died
from rabies after a fox bite that occurred while he was trying to separate his hunting dogs from a fox (Chapter 11:
The Ancient Curse: Rabies); and the history of tattooing,
dating back to the Egyptians (Chapter 15: Infections from
Body Piercing and Tattoos). The chapters covering zoonoses from domestic pets (dogs, cats, birds, and other less
common house pets) are comprehensive, covering bacterial
zoonoses that are topical, such as campylobacteriosis associated with exposure to puppies (2), as well as quantifying the number of ferret-owning households in the United
States (334,000).
Of note, the next edition could expand a bit on harmful algal bloom–associated illnesses, which were only
briefly mentioned in the fifth edition as cyanobacterium
infections in the chapter on fresh water. These illnesses
have been reported in conjunction with untreated recreational water and drinking water and can encompass more
than cyanobacterial toxins (3). Shigella, a bacterium that
causes travelers’ diarrhea and foodborne gastrointestinal
disease, is more frequently being reported in association

with sexual activity among men who have sex with
men and could potentially be included in the chapter on
sexually transmitted diseases, as could other enteric infections that are transmitted person-to-person through the
fecal-oral route (4).
The index proves most useful for locating information that might be associated with multiple leisure
activities; leptospirosis, for example, in addition to being discussed at length in the section on rat-associated
infections, is also discussed in the chapters on gardenassociated infections, dog-associated infections, international travel–associated infections, and infections at high
altitude. The breadth of infections covered in this book is
extensive, from amnesiac shellfish poisoning to Carrion
disease (causative agent Bartonella bacilliformis), monkeypox, and weeverfish envenomation.
This book is readable, topical, and a useful resource
for those who want to balance the relaxation or excitement
they may derive from their chosen leisure pursuits with an
in-depth knowledge of all the things that could go wrong.
Of note, a section in each chapter focuses on prevention
measures that can be taken. This book is appropriate for
undergraduate students; professionals; and clinical, microbiology, and public health practitioners.
Katie Fullerton
Author affiliation: Centers for Disease Control and Prevention,
Atlanta, Georgia, USA
DOI: https://doi.org/10.3201/eid2509.190634
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ABOUT THE COVER

Helen Beatrix Potter (1866–1943), Agaricus augustus (c. 1892–1895) (detail). Watercolor on paper, 9 in × 7 in/23 cm × 18 cm, Perth
Museum and Art Gallery, Perth and Kinross Council, Scotland.

Beatrix Potter, Author, Naturalist, Mycologist
Byron Breedlove

B

aroque artists often featured mushrooms in still life
paintings; medieval artists used toadstools (the name
ascribed to poisonous mushrooms) to symbolize evil; and
Victorian illustrators often populated fantasy scenes with
fungi and fairies. Clearly, fungi have long been a staple of
artists and illustrators.1
Among those was Beatrix Potter. She completed 350
paintings of the various mushrooms and lichen that flourished in the moist green Scottish countryside and English
Lake district, locales Potter visited with her family. Before
she introduced her anthropomorphic animals such as Jemima Puddleduck, Squirrel Nutkin, and Peter Rabbit in her
23 colorful children’s books that she wrote and illustrated,
Potter was an accomplished artist and a naturalist. Biographer Linda Lear writes Potter “never saw art and science as
mutually exclusive activities, but recorded what she saw in
nature primarily to evoke an aesthetic response.” Potter’s
Author affiliation: Centers for Disease Control and Prevention,
Atlanta, Georgia, USA
DOI: https://doi.org/10.3201/eid2509.AC2509
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experiences in those lush settings influenced her later interest in land conservation and preservation.
By the early 1890s, notes Lear, Potter’s “interests as
an artist and a naturalist had converged on fungi” and she
“was drawn to fungi first by their ephemeral fairy qualities and then by the variety of their shape and colour and
the challenge they posed to watercolour techniques.” Potter
painted her first known watercolors of mushrooms when
she was 20 years old.
During 1892, she befriended Charlie McIntosh, a shy
Scottish mail carrier known as the Perthshire naturalist
“who used his miles of postal delivery route as a great outdoor laboratory,” according to Marta McDowell, author of
Beatrix Potter’s Gardening Life. McIntosh, a self-educated
naturalist, carefully observed local flora and fauna and encouraged Potter to make her paintings more precise. He
sent her specimens, advised her on scientific classification
and nomenclature, and instructed her on microscope techniques. As Lear notes, McIntosh “not only provided just
The North American Mycological Association has a Registry of
Mushrooms in Works of Art.
1
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the right level of expertise and objectivity to allow Beatrix
to advance her skills, but he also gave her the professional
validation she longed for.”
Appearing on this month’s cover is Potter’s sketch
showing different stages in the life cycle of Agaricus augustus mushrooms. Swedish botanist and mycologist Elias
Magnus Fries first identified and named this mushroom in
1838. Considered among the finest of edible fungi, its admirers dubbed it the “Prince of Mushrooms” for its appearance and flavor.
The Perth Museum and Art Gallery, which houses 25
of Potter’s paintings, describes this watercolor: “The principal image shows it at maturity, where the convex cap
evident in the second sketch has flattened out and begun
to split round the edges. Similarly, the younger gills appear
light in colour but turn a chocolate brown at maturity. . . .
At the rear is a large fungus with a broad, shallow, upturned
cap. The cap is a creamy white with splits around the edge
and dark brown gills beneath. It has a white stem, which is
largely straight, curving slightly to the right at the base. In
front of it is a smaller fungus of similar shape and colour,
except that the cap is not inverted, there are no splits visible at its edges, and the gills are a much lighter shade of
brown.” A closer look reveals the outline of another fungus
to the left.
Potter pursued mycology largely on her own and was
invited to study fungi at the Royal Botanical Gardens in
Kew, London. As Lear discusses, Potter also made microscopic drawings of fungus spores and developed a theory of
their germination. In 1897, she submitted a research paper
to the Linnean Society of London but was prevented from
attending the proceedings or reading her paper because she
was a woman. However, Lear writes, “there is no evidence
that she had any ambition to be recognized by the scientific
community as a mycologist, or that she wished for a life
devoted to scientific enquiry,” although Potter’s “watercolours are considered so accurate that modern mycologists
refer to them still to identify fungi.”
The fungi that intrigued Potter include molds, mushrooms, and yeasts. Its members exist in air, water, and soil;
experience a range of life cycles; and exhibit an array of
morphologic forms. Fungi are integral for decomposition
within many ecosystems, have forged symbiotic relationships with other organisms, provide industrial enzymes and
metabolites with antimicrobial properties, and serve as experimental organisms. Estimates regarding the biodiversity
within the kingdom Fungi suggest that it contains between
2.2 to 3.8 million species.
Some fungi are dangerous and can cause severe
health problems, including disability and death. Fortunately, according to researchers Köhler, Casadevall, and
Perfect “few among the millions of fungal species fulfill
four basic conditions necessary to infect humans: high

temperature tolerance, ability to invade the human host,
lysis and absorption of human tissue, and resistance to the
human immune system.” Fungi that meet those criteria
can cause infections on the skin, in the lungs, in the bloodstream; those infections are often challenging to treat, and
antifungal resistance is a growing public health concern.
An estimated 150 million people have serious fungal diseases, and more than a billion have fungal infections of
their hair, nails, or skin.
Diseases caused by fungal pathogens include blastomycosis, coccidioidomycosis, histoplasmosis, Pneumocystis pneumonia, and sporotrichosis. Recent studies estimate
that fungal infections, especially those caused by Candida,
Cryptococcus, and Aspergillus species, kill more than one
million people annually. The concurrent appearance of
drug-resistant Candida auris on three continents is the first
example of a new pathogenic fungi disease emerging from
climate change. The urgency underscoring public health efforts to enable earlier detection of fungal infections, apply
novel prevention measures, and develop low-toxicity therapies is well founded.
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• Global Epidemiology of Diphtheria, 2000–2017
• Localized Outbreaks of Epidemic Polyarthritis among Military Personnel
Caused by Different Sublineages of Ross River Virus, Northeast
Australia, 2016–2017
• Emergence and Containment of Canine Influenza Virus H3N2, Ontario,
Canada, 2017–2018
• Economic Burden of West Nile Virus Disease, Quebec, Canada,
2012–2013
• Invasive Group A Streptococcus, Group B Streptococcus, and
S. pneumoniae Infection among Adults Experiencing Homelessness,
Alaska, 2002–2015
• Early Diagnosis of Tularemia with Flow Cytometry, Czech Republic,
2003–2015
• Risk Factors for Carbapenem-Resistant Pseudomonas aeruginosa,
Zhejiang Province, China
• Sensitive and Specific Detection of Low-Level Antibody Responses in
Middle East Respiratory Syndrome Coronavirus Infections
• Comparison of Serologic Assays for Middle East Respiratory
Syndrome Coronavirus
• Susceptibility of Influenza A, B, C, and D Viruses to Baloxavir
• Powassan Virus, Increasingly Recognized Cause of Encephalitis in
Northern United States
• Melioidosis after Hurricanes Irma and Maria, St. Thomas/St. John
District, US Virgin Islands, October 2017
• Characterization of Highly Pathogenic Avian Influenza Virus H5N6 and
H5N5 Clade 2.3.4.4b Reassortants, Germany, 2017–18
• Borrelia miyamotoi Meningitis, Sweden
• Bidirectional Human–Swine Transmission of Seasonal Influenza
A(H1N1)pdm09 Virus in Pig Herd, France, 2018
• Estimated Incubation Period and Serial Interval for Human-to-Human
Influenza A(H7N9) Virus Transmission
• Emergence of Influenza A(H7N4) Virus, Cambodia
• Genomic Characterization of Rift Valley Fever Virus, South Africa, 2018
• Geospatial Variation in Rotavirus Vaccination Coverage in Infants,
United States, 2010–2017

Complete list of articles in the October issue at
http://www.cdc.gov/eid/upcoming.htm
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ID Week
Washington, DC, USA
https://idweek.org/

November 20–24, 2019

ASTMH
American Society of Tropical
Medicine and Hygiene
68th Annual Meeting
National Harbor, MD, USA
https://www.astmh.org/

February 20–23, 2020

International Society for
Infectious Diseases
Kuala Lumpur, Malaysia
https://www.isid.org/

March 26–30, 2020

6th Decennial International Conference
on Healthcare Associated Infections
Atlanta, GA, USA
https://decennial2020.org/

Announcements

Email announcements to eideditor@
cdc.gov. Include the event’s date,
location, sponsoring organization, and
a website. Some events may appear
only on EID’s website, depending on
their dates.

Another Dimension
Emerging Infectious Diseases accepts
thoughtful essays, short stories, or
poems on philosophical issues related
to science, medical practice, and
human health. Topics may include
science and the human condition,
the unanticipated side of epidemic
investigations, or how people perceive
and cope with infection and illness.
This section is intended to evoke
compassion for human suffering and
to expand the science reader’s literary
scope. Manuscripts are selected for
publication as much for their content
(the experiences they describe) as for
their literary merit.
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following, related, multiple-choice questions. To complete the questions (with a minimum 75% passing score) and earn
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are not licensed in the US, please complete the questions online, print the AMA PRA CME credit certificate, and present it to
your national medical association for review.

Article Title

Classification of Trauma-Associated Invasive Fungal Infections to
Support Wound Treatment Decisions

CME Questions

1. You are seeing a 20-year-old male soldier who was
severely injured in an explosion 12 days ago. He
has a 10-cm leg wound that appears infected, and
you are concerned about the possibility of a fungal
infection. What should you consider regarding the
classifications of wounds established in the current
study by Ganesan and colleagues?
A.

Wounds that had been surgically debrided could not
be classified as invasive fungal infection (IFI)
B. A positive fungal culture defined proven IFI
C. Spontaneous wound dehiscence was a criterion
defining IFI
D. Wounds meeting criteria for deep skin and soft tissue
infection that had been treated with antifungals were
classified as high-suspicion wounds
2. You review the patient’s chart. Which of the
following clinical characteristics was most associated
with IFI vs high- or low-suspicion wounds?
A.
B.
C.

History of blast injury
Higher injury severity score
Higher requirement for blood transfusions within 24
hours of injury
D. Traumatic amputation

3. You note that the patient has a positive wound
fungal culture. Which of the following statements
regarding the wound microbiology findings of the
current study is most accurate?
A.
B.
C.
D.

Mucorales species accounted for <5% of positive
cultures overall
IFI was associated with the highest rate of growth of
“other” fungi
Fusarium species were more likely to be isolated from
low-suspicion wounds compared with IFI wounds
Mucorales species were more likely to be isolated
from IFI wounds compared with low-suspicion wounds

4. The patient meets criteria for IFI, and he wants to
know his prognosis. Which of the following statements
regarding the outcomes of patients in the current
study was most accurate?
A.
B.
C.
D.

Patients with IFI had a higher risk for mortality
compared with patients with high- and low-suspicion
wounds
Patients with IFI had a higher risk for mortality
compared with patients with low-suspicion
wounds only
Patients with IFI had a higher risk for surgical
amputation compared with patients with high- and lowsuspicion wounds
The number of debridements was similar regardless of
wound status
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Article Title

Risk for Clostridioides difficile Infection among Older Adults with Cancer

CME Questions

1. You are advising a large hospital regarding
Clostridioides difficile infection (CDI) prevention
among older adults. According to the retrospective
cohort study using population-based Surveillance,
Epidemiology, and End Result Medicare data for 2011
by Kamboj and colleagues, which of the following
statements about findings of cohort analysis regarding
risk for CDI in older adults is correct?

B.

A.

3. According to the retrospective cohort study with
a nested case–control analysis by Kamboj and
colleagues, which of the following statements about
clinical implications of risk for CDI in older adults with
cancer is correct?

B.
C.
D.

Among the 93,566 Medicare beneficiaries in the
cohort, 3.7% overall had CDI during the study period
The proportion of CDI was 2.8% among patients
with cancer and 2.4% in patients without cancer in
unadjusted analyses
Men had a higher proportion of CDI than did women
Region of residence did not affect CDI incidence

2. According to the nested case–control analysis
among 2,421 case-patients with CDI and 12,105 control
participants matched on age and sex, which of the
following statements about factors affecting risk for
CDI in older adults is correct?
A.
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Risk for CDI was significantly increased for all solid
tumors, regardless of time of diagnosis and presence
or absence of metastasis

C.

D.

A.
B.
C.
D.

Patients with cancer vs. patients without cancer did
not have significantly higher odds for CDI
Regardless of having a cancer diagnosis, ≥2 prior
hospitalizations and a prior skilled nursing facility
stay were each associated with increased odds for
CDI occurrence
Race distribution was significantly different in CDI
cases than in controls

The study proves that excessive antibiotic use
associated with cancer treatment increases risk
for CDI
This study showed that the burden of CDI in older
adults is greater among persons with underlying
cancer, which can inform targets for prevention
Symptoms and complications of CDI in elderly
patients are similar to those in younger patients
CDI during cancer treatment does not significantly
affect management
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