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PERSPECTIVE

Biologic Evidence Required
for Zika Disease Enhancement
by Dengue Antibodies
Scott B. Halstead

The sudden appearance of overt human Zika virus infections that cross the placenta to damage fetal tissues, target sexual organs, and are followed in some instances by
Guillain-Barré syndrome raises questions regarding whether these outcomes are caused by genetic mutations or if
prior infection by other flaviviruses affects disease outcome.
Because dengue and Zika viruses co-circulate in the urban
Aedes aegypti mosquito–human cycle, a logical question,
as suggested by in vitro data, is whether dengue virus infections result in antibody-dependent enhancement of Zika
virus infections. This review emphasizes the critical role for
epidemiologic studies (retrospective and prospective) in
combination with the studies to identify specific sites of Zika
virus infection in humans that are needed to establish antibody-dependent enhancement as a possibility or a reality.

R

ecently, polyclonal and monoclonal dengue virus
(DENV)–elicited antibodies have been shown to neutralize or enhance Zika virus infection in vitro (1,2). Three
studies have shown that monoclonal antibodies to the
DENV fusion loop epitope reliably enhanced Zika virus
infection (i.e., antibody-dependent enhancement [ADE]) in
Fc receptor–bearing K-562 human myelogenous leukemia
cells or the U-937 human monocytic cell line (1–3). By
contrast, broadly neutralizing DENV monoclonal antibodies directed at a conformational quaternary epitope on the
virion formed at the interface of 2 envelope dimer epitopes
(EDE1 and EDE2) potently neutralized Zika virus in a picomolar range similar to the neutralization of DENV (2).
X-ray crystallographic structures of antigen binding fragments of EDE1 and EDE2 in complex with the Zika virus
envelope protein have been obtained (4). These observations raise important questions about the past and future of
human infections with Zika virus.
Outside Africa, Zika virus occupies the same epidemiologic niche as do the DENVs. During the ongoing
pandemic in the Western Hemisphere, infections in the
sequence of DENV followed by Zika virus must have occurred often and will continue to occur. Might placental
Author affiliation: Uniformed Services University of the Health
Sciences, Bethesda, Maryland, USA
DOI: http://dx.doi.org/10.3201/eid2304.161879

transfer of Zika virus or Guillain-Barré syndrome (GBS),
fueled by the ADE phenomenon, occur specifically in
DENV-immune persons? If Zika virus infections are enhanced by DENV antibodies, might ADE also occur after
administering a dengue vaccine? Indeed, if Zika virus infections can be enhanced by DENV antibodies, might that
also be an outcome following administration of a poorly
protective Zika virus vaccine? Correspondingly, might
Zika virus antibodies enhance DENV infections? These
crucial questions require biologically valid answers. What
information do we need to answer them, and where shall
we start looking?
Zika virus, a member of the Flavivirus genus, is maintained in complex African zoonotic cycles, spilling from time
to time into the Aedes aegypti mosquito urban transmission
cycle (5). This spillover might be a very old phenomenon.
Because many flaviviruses infect humans in Africa, it was
logical to ask if antibodies to these viruses enhanced Zika
virus infections. The answer obtained in vitro was affirmative (6). After having been first isolated in Africa in 1947,
human Zika virus disease remained sparse and mild, with
no reports of diverse clinical syndromes associated with
infection (7). Nor was Zika disease reported from India or
Southeast Asia, where Zika virus and DENV co-circulated,
evidenced by detection of neutralizing antibodies in humans as early as 1954 (8–10). Zika virus was isolated from
Ae. aegypti mosquitoes collected in rural Malaysia in 1966
(11). No alarms were raised in Asia until 2007, on the Yap
Islands in the Western Pacific, when it was estimated that
≈900 cases of a mild febrile exanthema caused by Zika virus
infections had occurred among a total population of ≈7,000
(12). Then, during 2013–2014, on Tahiti, a Zika virus epidemic was followed in 4 weeks by an outbreak of GBS (13).
Of the 42 case-patients with Zika virus infection and subsequent GBS, 95% had evidence of prior DENV infection,
although this percentage did not differ from that of controls
(13). This illness phenomenon spread to South America,
where remarkably, GBS often followed acute Zika virus infections by only a few days (14–17). Then, abruptly, in Brazil, Zika virus was found to destroy fetal tissues (18). Next,
it was learned that Zika virus infected the male reproductive
tract and could be sexually transmitted (19).
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Is the expanded pathogenicity of Zika virus the result
of viral mutations, or might DENV ADE play a role, or are
both true? An opinion has emerged that Zika virus genomes
in Asia have acquired 1 or more mutations, contributing to
its newly emerged pathogenicity (5,20). A recent analysis
of full-length RNA sequences of 84 Zika virus genomes in
Africa, Asia, the Pacific region, and the Americas has noted
a stable amino acid change in the matrix protein of Asian
viruses that accompanied placental invasiveness and GBS in
Tahiti and the Americas (21). It is not clear what specific
biologic properties might have been acquired by Zika virus
that contributed to the observed new behaviors. The original
strain of Zika virus recovered in Uganda in 1947 was neurotropic for 6-week-old mice (22). A strain genetically similar to the prototype in Africa productively infected human
neural progenitor cells in vitro, dysregulating cell growth
(23). In type 1 interferon receptor knockout mice or mice
inoculated with type 1 interferon receptor–blocking antibodies, subcutaneous inoculation of a strain of Zika virus from
French Polynesia infected maternal trophoblasts and resulted
in apoptosis. In infected pregnant female mice, Zika virus
crossed into the fetal circulation, where it infected endothelial cells, resulting in apoptosis and greatly impaired fetal
circulation leading to ischemia and fetal loss (24).
Knowledge that a microbial disease is worsened by
ADE derives from 2 evidentiary pillars: 1) epidemiologic
evidence demonstrating that a unique syndrome or severe
disease is significantly associated with persons who circulate antibodies (presumably “enhancing”) before infection,
and 2) evidence of in situ replication by the causative organism in myeloid cells that serve as major targets of cellular infection. DENV disease enhancement was established
by recording a strong association between severe disease
in humans and a secondary-type DENV antibody response,
by direct association of severe cases with sequential DENV
infections in prospective cohort studies, and by the occurrence of severe disease during first DENV infections in infants born to dengue-immune mothers (25–30). This latter
observation provides population-level evidence that DENV
antibodies are the critical risk factor for the occurrence of
severe DENV disease. However, severe disease in infants
occurs only when infants acquire antibodies acquired by 2
or more lifetime DENV infections in the mother (25,30).
Importantly, the same IgG antibodies that enhance DENV
infections in infants are protective for the first several
months after birth (29). Evidence that myeloid cells support
intracellular DENV infection in vivo in humans derives
from studies on tissues from virologically documented patients obtained during surgery, at autopsy, or by venesection (31–34). These studies, although few, are buttressed by
the demonstration that DENV immune complex infection
of Fc receptor–bearing cells leads directly to vascular permeability in mouse models (32,35–40).
570

To establish whether ADE caused by DENV antibodies modifies the course of Zika virus infections, evidence
will be required from the same 2 pillars. The outcomes of
DENV–Zika virus sequential infections might be diverse
and complicated. First, antibodies derived from monotypic infections with each of the 4 DENV serotypes, if they
enhance at all, might affect Zika virus infections differently. As an example, infections in the sequence DENV-1
followed by DENV-2 or DENV-3 then DENV-2 result in
more severe clinical outcome than infections in any of the
other 10 secondary infection sequences (41). Second, the
interval between DENV followed by Zika virus infection
might regulate disease severity. In dengue, the interval
between initial and a heterotypic DENV infection exerts
a remarkable bidirectional effect. Sequential DENV infections at a short interval (<2 years) blunt the clinical
severity of responses to a second infection, whereas as
the interval widens (2–20 years), the outcome becomes
increasingly severe (42–44). Third, Zika virus infection enhancement could be critically dependent upon the
parity of past DENV infections of the host. For example,
as is true for dengue, a single prior DENV experience
might enhance infection, whereas antibodies deriving
from >2 past DENV infections might protect against further infection (45).
By using a simple protocol (Table), it should be possible to gather evidence using a case-control format comparing the frequency of a secondary flavivirus antibody
response in convalescent-phase serum samples of persons
experiencing any defined acute Zika virus disease syndromes, such as exanthematous fever, congenital Zika
syndrome, or GBS (i.e., case-patients) with the prevalence
of past DENV infection in Zika virus–infected age-, sex-,
residence-, and ethnicity-matched persons from the same
exposure group (i.e., controls). Such a comparison should
be undertaken promptly in several different Zika virus–endemic locales. If these studies fail to provide evidence that
prior flavivirus infection is a risk factor for any of the defined clinical outcomes of Zika virus infections, the search
for Zika virus ADE can halt. However, if evidence compatible with ADE is obtained, it will be important to investigate the possibly complicated interactions between DENV
and Zika virus infections alluded to here.
In the case of DENV, the ADE phenomenon requires
infection of myeloid cells by infectious immune complexes; therefore, it will important to determine if myeloid
cells are major targets of Zika virus syndromes in humans.
DENV and Zika virus infections are each expressed clinically as febrile exanthema. In monkey and human DENV
infections, infected peripheral blood leukocytes circulate
transiently just before the appearance of virus in the skin
(monkeys) or the appearance of a generalized body rash
(humans) (33,46). In children in Nicaragua, DENV-infected
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Table. Case–control epidemiologic research protocol for assessing DENV antibody enhancement of Zika virus syndromes*
Category
Description
Case-patients
Zika virus PCR positive or serologically positive symptomatic persons (i.e., with febrile illness, Guillain-Barré
syndrome or congenital Zika syndrome) of any age who have convalescent-phase serum samples available to
test for DENV IgG by ELISA.
Controls
Serum samples from age-, sex-, residence-, and ethnicity-matched controls with blood drawn at about the same
time as each index case-patient. Ratio: 4 controls to 1 index case-patient.
Laboratory studies
1. Convalescent-phase serum samples from case-patients are tested by indirect pan-DENV IgG ELISA. (A
positive result indicates that the Zika virus infection occurred in a DENV-immune person.)
2. Control serum samples are tested for Zika virus neutralizing antibodies.
3. Control serum samples are tested for past DENV infections by using indirect pan-DENV IgG ELISA.
4. DENV IgG ELISA–positive serum samples from case-patients and controls are tested for DENV serotypes 1–
4 neutralizing antibodies.
5. Frequency of prior DENV infections in symptomatic Zika virus case-patients is compared with frequency of
DENV antibodies in Zika virus–immune controls. A statistically significant increase in past DENV infection
indicates enhancement; a statistically significant reduction indicates protection.
6. All comparisons should be made separately and combined for persons of white and black† race.
*DENV, dengue virus.
†The powerful DENV disease resistance gene(s) in black sub-Saharan Africans might also protect against Zika virus diseases.

peripheral blood leukocytes circulating late in the viremic
period were definitively identified as monocytes (33). This
finding might be a general phenomenon in viral exanthmata
given that infected monocytes also circulate in blood during the rash stage in children with measles (47,48). A plausible hypothesis is that maculopapular rashes derive from
DENV-infected monocytes originating in the bone marrow
that are targeted to skin. By analogy, human Zika virus
pathogenesis might involve myeloid cells and blood monocytes as infection targets. A search to prove or disprove this
hypothesis should be undertaken promptly.
Should Zika virus infect circulating monocytes, this
still leaves unanswered the question whether tissue macrophages are an important component of so-called “normal”
Zika virus human infections. In A129 mice lacking type
1 interferon receptors, peripheral inoculation of Zika virus produced observable illness and high titers of virus in
spleen, liver, and brain, but no attempt was made to identify target cells (49). As suggested by excretion of Zika virus
in seminal fluid, urine, saliva, and tears, Zika virus might
predominantly infect nonmyeloid tissues. As reviewed
briefly here, there is ample evidence from studies on human uterine contents, plus validation in mouse models, that
Zika virus infects neuronal tissues, a wide range of fetal
organs, placental cells, endothelial cells, and reproductive
organs. Clearly, we have much to learn about the pathogenesis and pathology of human Zika virus infections. The
issue of ADE poses a unique challenge to researchers, the
resolution of which rests in the first instance on epidemiologic evidence.
Dr. Halstead is an adjunct professor in the Department of
Preventive Medicine and Biostatistics, Uniformed Services
University of the Health Sciences. As a consultant to the
Rockefeller Foundation, he founded the Pediatric Dengue
Vaccine Initiative in 2003. His career interests have included
arbovirology, epidemiology, vaccinology, and international

health. He is a member of the Editorial Board of the Emerging
Infectious Diseases journal.
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Complications of Influenza B Virus Infection
We characterized influenza B virus–related neurologic
manifestations in an unusually high number of hospitalized adults at a tertiary care facility in Romania during the
2014–15 influenza epidemic season. Of 32 patients with a
confirmed laboratory diagnosis of influenza B virus infection, neurologic complications developed in 7 adults (median age 31 years). These complications were clinically
diagnosed as confirmed encephalitis (4 patients), possible
encephalitis (2 patients), and cerebellar ataxia (1 patient).
Two of the patients died. Virus sequencing identified influenza virus B (Yam)-lineage clade 3, which is representative of the B/Phuket/3073/2013 strain, in 4 patients. None
of the patients had been vaccinated against influenza.
These results suggest that influenza B virus can cause
a severe clinical course and should be considered as an
etiologic factor for encephalitis.

I

nfluenza viruses are negative single-stranded RNA viruses belonging to the family Orthomyxoviridae and
cause worldwide epidemics of influenza with high rates of
illness and death. Human influenza A and B viruses cause
a self-limited acute respiratory infection. This infection has
an abrupt onset and causes fever, chills, headache, cough,
and myalgia. Every year, different strains of influenza viruses emerge because of continuous antigenic drift and interspecies gene reassortment, which cause antigenic shifts.
Severe complications of influenza can involve the lower
respiratory tract (pneumonia), heart (myocarditis), and
central nervous system (encephalitis, myelitis, meningitis,
febrile and afebrile seizures, Guillain-Barré syndrome, cerebellar ataxia) and can lead to death (1–3).
Although type A and B influenza viruses might induce
neurologic complications, most published studies on virus
neurotropism have focused on influenza A viruses, with
an emphasis on the new A(H1N1)pdm09 virus strain after
2009 (4–7). Influenza B virus, which was isolated from a
child in 1940, has steadily adapted to humans without a
stable animal reservoir (8–10). The earliest report of a case
of influenza B viral encephalitis was in London, UK, in
1946 (11), but only sporadic cases with neurologic manifestations have been reported, especially in children and
adolescents. Influenza B is generally considered a mild
disease with less frequent neurologic complications than
influenza A (4–7).
There was major increased influenza activity in Romania during the 2014–15 influenza season: 3.5 times more
cases of influenza-like illness (ILI) and acute respiratory
infections than in the previous season. A total of 4,511 casepatients with ILI were reported, of which 1,709 (37.9%)
were hospitalized; 3,297 (73.1%) were >14 years of age. Influenza B viruses prevailed (in 529 [56.4%] of the 938 laboratory-confirmed influenza cases), unlike the rest of Europe,
where there was a predominance of type A influenza strains
(12). We characterized influenza B virus–related neurologic

manifestations diagnosed at a tertiary care facility in Romania during the 2014–15 influenza season.
Materials and Methods
Ethical Approval

This study was approved by the ethics committee of the
Stefan S. Nicolau Institute of Virology (Bucharest, Romania). Although this was a retrospective study, informed
consent was obtained from each patient included in the
study, as part of routine hospital activity.
Patients

We conducted a retrospective study of 7 patients given a
diagnosis of influenza in whom neurologic complications
developed. These patients were hospitalized in a tertiary
care facility (Dr. Victor Babes Clinical Hospital of Infectious and Tropical Diseases, Bucharest, Romania) during
the 2014–15 influenza season.
We used the case definition for encephalitis from the
2013 Consensus Statement of the International Encephalitis Consortium. Major criterion was altered mental status
(defined as decreased or altered level of consciousness,
lethargy, or personality change) lasting >24 hours with no
alternative cause identified. Minor criteria were fever (temperature >38°C), generalized or partial seizures, new onset
of focal neurologic findings, CSF leukocyte count >5 cells/
mm3, and abnormality of brain parenchyma on neuroimaging suggestive of encephalitis (13).
We collected nasopharyngeal swab specimens from all
patients with ILI and sent these specimens to the National
Reference Center for Influenza (Cantacuzino Institute, Bucharest, Romania) for antigenic and genetic characterization. Specimens were examined by using real-time reverse
transcription PCRs (RT-PCRs) with the Superscript III
Platinum One-Step Quantitative RT-PCR System (Invitrogen, Carlsbad, CA, USA) for influenza type A and type
B viruses. Samples positive for influenza A viruses were
tested by using a second real-time RT-PCR that discriminated between influenza A(H1N1)pdm09 and A(H3N2) virus subtypes. For samples positive for influenza B viruses,
we used a second real-time RT-PCR and specific minorgroove binder probes to determine lineage (14).
Positive specimens were inoculated into an MDCK
line, and virus isolates were characterized antigenically
by using a hemagglutination inhibition assay and turkey/
guinea pig erythrocytes. We used the conventional Sanger
sequencing technique to monitor influenza virus evolution
for the complete hemagglutinin (HA) gene. The PRISM
BigDye Terminator v3.1 Ready Reaction Cycle Sequencing Kit (Applied Biosystems, Foster City, CA, USA) was
used to sequence DNA templates on a PRISM 3100-Avant
Genetic Analyzer (Applied Biosystems). We determined
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genotypes of all virus sequences from patients by alignment with sequences found in Romania with World Health
Organization reference viruses. We performed phylogenic
analysis by using maximum-likelihood inference and a
generalized time-reversible model of nucleotide substitution and a Γ model of rate heterogeneity with RAxML version 8.00 software (15).
Results
Patients

Patient 1 was a 28-year-old woman who had uncontrolled
hyperthyroidism, a 3-day history of high fever (temperature
>39°C), headache, sleepiness, left upper limb motor deficit,
and a Glasgow Coma Scale (GCS) score of 3−4/15. Results
of cerebrospinal fluid (CSF) testing were unremarkable.
The patient was intubated and mechanically ventilated after
4 hours of hospitalization.
Magnetic resonance imaging (MRI) of the brain (Figure 1) showed multiple areas of T2-associated hyperintensities associated with restricted diffusion with involvement

of the genu corpus callosum bilateral internal capsule and
several areas of white matter in the right frontal lobe. Hyperintensities were visible at the limit between the right
parietal and occipital lobe (axial T2-associated and diffusion-weighted imaging), and multiple high-signal lesions
associated with restricted diffusion were present in the right
caudate nucleus head and the subcortical and deep white
matter of the frontal lobes (coronal fluid–attenuated inversion recovery and diffusion-weighted imaging). Despite
intensive antimicrobial drug treatment with oseltamivir,
acyclovir, meropenem, mannitol, corticosteroids, and thyrozol, the patient died 7 days after admission.
Patient 2 was a previously healthy 37-year-old woman who was hospitalized after 2 days of fever, rhinorrhea,
myalgia that progressed to a headache, sleepiness, photophobia, vertigo, stiff neck, and a positive Romberg sign.
Results of computed tomography (CT) and analysis of CSF
were unremarkable. Complete resolution occurred after 9
days of treatment with oseltamivir and mannitol.
Patient 3 was a previously healthy 55-year-old woman
with a history of influenza A(H3N2) virus encephalitis (in
Figure 1. Magnetic resonance
imaging of the brain of a 28-yearold woman (patient 1) who
had neurologic complications
of influenza B virus infection,
Romania. A) Axial T2 image
showing multiple areas of
T2-associated hyperintense
lesions with involvement of the
genu corpus callosum, bilateral
internal capsule, and several
areas of white matter in the
right frontal lobe, and more
discreetly at the limit between
the right parietal and occipital
lobe. B) Axial diffusion-weighted
image showing restricted
diffusion associated with lesions.
C) Coronal fluid–attenuated
inversion recovery image
showing multiple hyperintense
lesions in the right caudate
head and the cortical and deep
white matter of the frontal lobes.
D) Coronal diffusion-weighted
image showing restricted
diffusion associated with lesions.
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2012). The patient was hospitalized after transfer from another clinic 10 days after onset of illness with signs and
symptoms that included fever, confusion, photophobia, dizziness, right facial paralysis, aphasia, stiff neck, and coma
(GCS score 8). Onset of neurologic signs occurred on day
5. Results of CT on day 7 were unremarkable. We found increased levels of proteins and cells in the CSF. Brain MRI
showed symmetric diffusion restriction in the bilateral anterior frontal cortex (Figure 2). The patient was intubated
and mechanically ventilated for 24 hours. She showed good
progression after being given mannitol, dexamethasone,
oseltamivir, and acyclovir. The patient was discharged with
complete resolution after 18 days of hospitalization.
Patient 4 was a 20-year-old woman who had Russell−Silver syndrome and was being given prednisone and
levothyroxine. She was admitted to an intensive care unit
(ICU) already mechanically ventilated. Onset of illness
was 5 days before admission and included fever, cough,
and agitation. After 3 days in the hospital, nystagmus, stiff
neck, and a GCS score of 9−10 were observed. Results of
CSF testing and cerebral CT and MRI were unremarkable.
She was given mannitol, methylprednisolone, and oseltamivir. Her condition improved after 17 days of hospitalization and was followed by complete recovery.
Patient 5 was a 57-year-old man who came to our
clinic after 3 days of fever, chills, and cough. In the preceding 24 hours, headache, dysarthria, right side motor deficit,
and vomiting developed. Results of CSF testing and cranial
CT and MRI were unremarkable. The patient was given
oseltamivir and mannitol. After 10 days, the patient was
discharged, and he showed complete resolution.
Patient 6 was a 31-year-old woman who had recent
breast implants. The patient was hospitalized after 4 days
of fever, headache, vomiting, vertigo, photophobia, and
movement and balance disorders. Results of CSF testing

Figure 2. Magnetic resonance imaging of the brain of a 55-yearold woman (patient 3) who had neurologic complications of
influenza B virus infection, Romania. Axial diffusion-weighted
image showing restricted diffusion in the bilateral frontal cortex.

were unremarkable. She was given oseltamivir and mannitol, and her condition improved after 5 days.
Patient 7 was a 27-year-old woman who had influenza, fever, myalgia, headache, and vomiting 3 days before hospitalization. After 2 days, she became lethargic,
had aphasia and seizures, and entered a coma; GCS score
decreased to 3. Results of initial CSF testing were unremarkable. She was intubated, mechanically ventilated, and
transferred to our clinic. Results of CT were unremarkable.
However, MRI showed an abnormal result (multiple areas
of hyperintensities).
At admission, patient 7 was comatose and intubated.
She had unreactive fixed mydriasis, upward deviation of the
eyes, and no corneal reflex and plantar cutaneous reflexes.
Results of additional CSF testing showed pleocytosis and
a high level of albumin (3.906 g/L). Renal failure and ventricular tachyarrhythmia developed. Despite treatment with
oseltamivir, acyclovir, mannitol, methylprednisolone, and
meropenem, the patient continued to show signs of brain
death and died 3 days after admission.
Observations

The peak of the influenza season in Romania was during
February−March 2015. A total of 110 patients with ILI (90
female patients and 20 male patients) were hospitalized at
the tertiary care facility during January−April 2015. The
median age of patients was 43 years (range 4−93 years);
only 3 patients were <18 years of age. None of the patients
had been vaccinated against influenza for the current season. There were 57 patients with ILI laboratory-confirmed
influenza infection: 32 patients (56.2%) were infected with
an influenza B strain, 14 (24.5%) with an influenza A/H3
strain, and 11 (19.3%) with the A(H1N1)pdm09 strain.
These 3 strains were present in Romania at similar prevalences throughout the influenza season.
A complicated form of influenza was diagnosed for
28 (49.1%) patients, of whom 19 (33.3%) had respiratory complications (8 infected with the A(H1N1)pdm09
strain, 6 with the A/H3 strain, and 5 with the B strain),
and 9 (15.7%) had neurologic complications (8 with the B
strain and 1 with the (A/H1N1)pdm09 strain). Two patients
who had febrile seizures as the only neurologic manifestation were excluded from analysis (1 child with a history
of febrile seizures and 1 adult with epilepsy). Eight of the
9 patients with neurologic complications were female patients. Of those infected with an influenza B strain, 7 were
adults (median age 31 years, range 20−57 years), and 1 was
a 4-year-old girl. Six of the 7 adult patients infected with
an influenza B strain in whom neurologic manifestations
developed were women.
Antiviral treatment with a neuraminidase inhibitor (oseltamivir, 75 mg 2×/d for adults and 37.5 mg 2×/d for the
child) was administered to all patients upon presentation.
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However, most patients presented late after onset of disease, and only 1 received oseltamivir within the first 48
hours of disease onset; the other patients received antiviral
treatment 72 hours after disease onset.
Demographic, clinical, imaging and laboratory data
for the 7 adult patients with neurologic manifestations and
laboratory-confirmed influenza B virus infection are shown
in the Table. None of the patients had preexisting neurologic diseases, and the average time from disease onset
to hospitalization was 4.28 days. On the basis of the case
definition, 4 patients were given a diagnosis of confirmed
encephalitis (major criteria and >3 minor criteria and laboratory-confirmed influenza), 2 were given a diagnosis of
possible encephalitis (major criteria and 2 minor criteria),
and 1 was given a diagnosis of cerebellar ataxia (no major
criteria but with neurologic manifestations).
Cerebral MRI was performed for 6 patients and CT
was performed for 2 patients. Abnormal brain imaging results were observed for 3 patients: changes consistent with

multiple areas of hyperintensities visible in T2-associated
with restricted diffusion for patients 1 and 7 (patient 1; Figure 1) and cerebral edema and diffusion restriction for patient 3 (Figure 2). Six patients were admitted to the ICU; 4
of these patients required intubation and mechanical ventilation because of neurologic complications. Two patients
died, 3 and 7 days after admission. The other 5 patients
showed a good outcome with complete resolution. At a
follow-up 1 month after discharge, results of neurologic
examinations for the 5 patients were unremarkable without
any signs or symptoms during this period.
Lumbar puncture was performed for all 7 patients. Results of CSF analysis were abnormal for 3 patients (pleocytosis [>5 cells/mm3] and increased protein levels). All CSF
samples were negative for influenza virus nucleic acids,
enteroviruses, and herpes viruses.
Genetic analysis of the HA sequences of influenza B
viruses isolated from nasopharyngeal swab specimens was
successful for 4 patients (patients 1, 2, 5, and 7) (Table).

Table. Characteristics of 7 patients with neurologic complications of influenza B virus infection, Romania*
Patient
Characteristic
1
2
3
4
5
6
7
Age, y/sex
28/F
37/F
55/F
20/F
57/M
31/F
27/F
Days from illness
3
2
10
5
3
4
3
onset
Medical history
Uncontrolled
Unremarkable
Influenza
Treated for
Unremarkable Recent breast Unremarkable
hyperthyroidism
A(H3N2) virus RussellSilver
implants
encephalitis in
syndrome
2012
Leukocyte count,
2
2
10
5
2
3
13
cells/mm3
CSF
Protein, g/L
0.143
0.270
2.305
0.251
0.313
0.162
7.156
Glucose, g/L
0.61
0.50
0.74
1.07
0.55
0.71
1.22
Chloride, g/L
ND
ND
7.60
6.78
7.10
6.80
7.02
Virus type
B seq
B seq
B
B
B seq
B
B seq
EPI_ISL_
EPI_ISL_
EPI_ISL_
EPI_ISL_
179707
179711
182519
182518
Cerebral imaging MRI, abnormal†
CT, normal
MRI,
MRI, normal
MRI, normal
NA
MRI,
result
abnormal‡
abnormal§
Diagnosis
Confirmed
Possible
Confirmed
Confirmed
Possible
Cerebellar
Confirmed
encephalitis
encephalitis
encephalitis
encephalitis
encephalitis
ataxia
encephalitis
Length of
7
9
18
17
10
5
3
hospitalization, d
Outcome
Died
Complete
Complete
Complete
Complete
Complete
Died
resolution
resolution
resolution
resolution
resolution
Clinical findings
Fever,
Fever,
Fever,
Fever,
Fever,
Fever,
Fever,
headache,
headache,
confusion,
agitation,
headache,
headache,
headache,
sleepiness, left
sleepiness,
photophobia,
nystagmus,
dysarthria,
vomiting,
vomiting,
upper limb
photophobia,
dizziness,
stiff neck,
right side
vertigo,
lethargy,
motor deficit,
vertigo, stiff
right facial
coma, GCS
motor deficit,
photophobia,
aphasia,
coma, GCS
neck, positive
paralysis,
score 9–10
vomiting
ataxia,
upward
score 3–4
Romberg sign aphasia, stiff
positive
deviation of
neck, coma,
Romberg sign, eyes, seizures,
GCS score 8
movement
coma, GCS
and balance
score 3
disorder

*All patients showed negative RT-PCR results for influenza B virus in CSF. CSF, cerebrospinal fluid; CT, computed tomography; GCS, Glasgow coma
scale; MRI, magnetic resonance imaging; NA, not available; ND, not determined.
†MRI on day 3. See Figure 1 for a detailed description.
‡MRI on day 8. See Figure 2 for a detailed description.
§MRI on day 2 showed multiple areas of hyperintensities.
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HA phylogenetic analysis showed that all strains belonged
to Yamagata-lineage clade 3, representative strain B/
Phuket/3073/2013, which is distinct from the World Health
Organization recommended strain included in the 2014–
2015 vaccine (B/Massachusetts/2/2012–like virus).
Discussion
We report an unusually high number of adults infected with
influenza B virus who had neurologic complications at a
tertiary care facility in Romania. Influenza B neurologic
manifestations have been reported mainly in children. In
Japan in 1998–1999, an outbreak of influenza-associated
encephalitis/encephalopathy (148 cases, mostly linked with
influenza A/H3N2 infection, only 17 with influenza B viruses) was observed primarily in children <5 years of age (16).
In a 2-year National British Surveillance study, 25 cases
(21 in children) of neurologic disorders were identified in
patients with influenza in the United Kingdom, but only 4
of these patients (all children) were infected with influenza
B virus (17). Eleven cases of neurologic complications in
children with influenza B virus infection were reported in
Taiwan in 2006 (18). Other cases were also reported: 1 case
of influenza B virus–associated optic neuritis after meningoencephalitis in a 10-year-old boy in Italy (19), and 1 case
of influenza B virus–associated acute necrotizing encephalopathy in a 3-year-old boy in North America (20).
Sporadic cases of influenza B virus with neurologic
manifestations in adults have also been reported: 2 adults
with influenza B virus–associated encephalopathy (21), 1
person with nonconvulsive epilepticus after influenza virus B infection (22), and 6 of 15 patients with influenza B
virus–associated encephalitis (7). In our study, we report 7
case-patients with influenza B virus–associated neurologic
complications; 2 of these case-patients died. In Romania
during the 2014–15 influenza season, the mortality rate for
patients with confirmed influenza B virus infections was
1.7% (12). In the tertiary care facility we studied, the overall mortality rate for patients infected with influenza B virus
was 9.3% (3/32 confirmed case-patients), and the mortality
rate for patients with influenza B virus–related neurologic
complications was 28.5% (2/7 adult case-patients). All patients with neurologic complications admitted to the ICU
who required intubation and mechanical ventilation did not
have respiratory complications, the 2 deaths were caused
by neurologic manifestations, not respiratory failure.
Although the 2014–15 influenza season in Romania
was severe, older persons were less frequently infected
(12.8% of ILI cases recorded were in patients >65 years
of age), but hospitalization rates increased with age (from
23.7% in persons <0–1 year of age to 36.7% in persons
15–49 years of age, and 61.5% in persons >65 years of
age) (12). The high mortality rate is not necessarily representative of the severity of influenza B virus infection

because persons with severe cases are generally referred
to the tertiary care facility. However, these data highlight
the potentially severe progression of influenza B virus infection in adults. This severe evolution has been reported
in children. In the United States in 2010–11, influenza B
viruses were involved in 38% of deaths in children caused
by influenza (23). In Japan, a 6-year national surveillance
identified 50 patients (median age 4.5 years) with of influenza B virus–associated encephalopathy/encephalitis, of
whom 7 (14%) died (24).
Most patients in our study had no previous concurrent
conditions. One patient (patient 3) had a prior episode of
influenza-related encephalitis with the same clinical pattern
as the present infection (the previous infection was diagnosed at the same hospital in 2012). At that time, the isolated virus was identified as influenza A(H3N2) virus. This
isolate was not tested for genetic mutations that might predispose a person to recurrent encephalitis. However, such
infections have been reported in a family infected with a
virus containing a Ran binding protein 2 mutation, which is
autosomal dominantly transmitted (17,25).
In our study we isolated virus from nasopharyngeal
samples; none of the CSF samples were positive for virus
nucleic acids. However, influenza viruses are rarely identified in the CSF (2,26). Abnormal findings for CSF were
observed in 3 patients with encephalitis who required hospitalization in the ICU (1 patient died). Two patients, both
admitted to the ICU, showed major increases in protein
levels in CSF, a profile usually seen in patients with severe
cases (2,26,27). Although influenza virus nucleic acids
have been detected in brain tissue, ependymal, and Purkinje cells (28), several studies have emphasized the role
of neuroinflammation in the pathogenesis of neurologic
complications mediated by high levels of proinflammatory
cytokines in the CSF (cytokine storm), increased systemic
inflammatory responses, or blood–brain barrier dysfunction (29–34). However, neurotropism has been investigated
mainly for influenza A viruses; information on neurovirulence caused by influenza B viruses is lacking.
All isolated virus strains belonged to B(Yam)-lineage
clade 3, representative strain B/Phuket/3073/2013, which
belongs to a distinct antigenic cluster different from that
recommended by the World Health Organization for vaccination in the Northern Hemisphere during the 2014–15
influenza season. This strain and the vaccine strain (B/
Massachusetts/02/2012–like from the B/Yamagata/16/88
lineage) were cocirculating in Romania during the 2014–15
influenza season (35). Antigenic mismatch between a vaccine strain and a strain that prevails in a specific influenza
season is common for influenza B viruses because of cocirculation of the Victoria and Yamagata lineages (36), and
additional challenges are increased by antigenic drift of the
B/Yamagata strain.
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None of the patients in our study in whom neurologic
complications developed were vaccinated against influenza. Vaccination coverage in Romania was extremely low;
only 2.5% of the general population were vaccinated (12).
The efficacy of the 2014–15 vaccine against influenza B virus was modest, ranging from 41% in persons 15–59 years
of age to 62% in persons <14 years of age, as reported by a
multicenter case–control study in the population in Europe
(37). Some studies support the inclusion of both lineages
of influenza B virus in the vaccine to reduce illness (38),
although others suggest a more cautious approach, arguing
that addition of a second influenza B virus lineage leads to
a modest reduction in influenza-associated outcomes (39).
Recently, a hedging strategy for selection of the influenza
B virus lineage included in the standard trivalent vaccine
has been suggested as the most effective in terms of longterm protection rates (40).
This study had several limitations. A cluster of severe
cases is not uncommon in a tertiary care facility with an
ICU, which might lead to overestimation of the neurologic complication rate. Nevertheless, the hospital admissions we analyzed are representative for Romania (18,710
admissions in 2015 for a 500-bed hospital that covers the
capital city of Bucharest and 8 adjacent counties in Romania; ≈3 million inhabitants). Oseltamivir was given to all
patients, often with a delay after infection onset because
of late presentation. Although neuraminidase inhibitors are
considered more effective against influenza A viruses than
influenza B viruses, the mechanisms of influenza B virus
drug resistance are not well understood (41). Sequencing
the isolated strains was successful for isolates from 4 of the
patients. Lack of amplification for the other 3 isolates could
be partially associated with low levels of nucleic acids in
the clinical specimens and lower sensitivity of the amplification procedures used for sequencing than the techniques
used for initial virus detection.
In conclusion, we report that influenza B virus infection can cause a severe clinical course in adults, with neurologic complications in a large number of patients. Continuous evolution of influenza viruses can give rise to virulent
strains that escape the immune response, particularly when
a large part of the population remains unvaccinated.
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Implementation and Initial
Analysis of a Laboratory-Based
Weekly Biosurveillance System,
Provence-Alpes-Côte d’Azur,
France
Michael Huart, Gabriel Bedubourg, Cédric Abat, Philippe Colson, Jean Marc Rolain,
Hervé Chaudet, Pierre Edouard Fournier, Didier Raoult, Xavier Deparis

We describe the implementation of an automated infectious
disease surveillance system that uses data collected from
210 microbiologic laboratories throughout the ProvenceAlpes-Côte d’Azur region in France. Each week, these facilities report bacterial species that have been isolated from
patients in their area. An alarm is triggered whenever the
case count for a bacterial species infection exceeds 2 SDs
of the historical mean for that species at the participating
laboratory. At its inception in July 2013, the system monitored 611 bacterial species. During July 1, 2013–March 20,
2016, weekly analyses of incoming surveillance data generated 34 alarms signaling possible infectious disease outbreaks; after investigation, 14 (41%) of these alarms resulted in health alerts declared by the regional health authority.
We are currently improving the system by developing an
Internet-based surveillance platform and extending our surveillance to include more laboratories in the region.

D

uring the second half of the 20th century, infectious
diseases were considered a public health concern belonging to the past (1). However, despite some decrease in
epidemiologic importance (2), infectious diseases remain a
major cause of illness and lead to >25% of annual deaths
(3–5). To ensure the timely detection of infectious diseases,

Author affiliations: Centre d’Epidémiologie et de Santé Publique
des Armées, Marseille, France (M. Huart, G. Bedubourg,
X. Deparis); Unité de Recherche sur les Maladies Infectieuses
et Tropicales Emergentes, Aix-Marseille Université, Marseille
(M. Huart, C. Abat, P. Colson, J.M. Rolain, H. Chaudet,
P.E. Fournier, D. Raoult); Fondation Institut Hospitalo-Universitaire
Méditerranée Infection–Assistance Publique-Hôpitaux de
Marseille, Marseille (M. Huart, C. Abat, P. Colson, J.M. Rolain,
P.E. Fournier, D. Raoult); Sciences Economiques et Sociales de
la Santé et Traitement de l’Information Médicale, Aix Marseille
Université, Marseille (M. Huart, C. Abat, P. Colson, J.M. Rolain,
P.E. Fournier, D. Raoult)
DOI: http://dx.doi.org/10.3201/eid2304.161399
582

health authorities have proposed the implementation of
health surveillance systems. Historically, surveillance started with the use of mortality and morbidity data for public
health purposes, which was first proposed by John Graunt
in 1657 (6). The concept of surveillance has evolved over
the centuries, and surveillance is now conducted mainly
through the monitoring of symptoms and syndromes.
During the 20th century, an expansion of the surveillance
concept occurred with the emergence of numerous surveillance systems (4,7). Epidemiologic surveillance came to
be known for 3 basic characteristics: systematic collection
of data, consolidation and analysis of the collected data,
and dissemination of information through narrative epidemiologic reports (3). Since 2001, because of the threat of
bioterrorist attacks and the emergence and reemergence of
infectious diseases, such as the recent Ebola outbreak in
West Africa, interest in the methods for detection of infectious diseases has increased (4,8).
In the Assistance Publique-Hôpitaux de Marseille
(AP-HM) public hospital network in Marseille, France,
weekly automated epidemiologic surveillance systems
have been implemented since 2002 (9,10). The objectives
of these systems are to analyze clinical data produced by
the microbiologic laboratories of 4 public hospitals in Marseille. The first program implemented, the Epidemiologic
Surveillance and Alert Based on Microbiological Data, has
monitored more than 293 infectious disease–related items
on a weekly basis since November 2002 (9), including 38
clinical samples, 86 pathogens, 79 diagnosis tests, and 39
antimicrobial-resistance patterns. After the introduction of
this system, several other systems based on a previously
described historical database (11) were set up, such as the
Bacterial Real-Time Laboratory-Based Surveillance System (BALYSES) and the Marseille Antibiotic Resistance
Surveillance System (MARSS) (10). The latter 2 systems
have routinely operated in the AP-HM network since 2013.
During May 21, 2013–June 4, 2014, BALYSES detected
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21 alarms (triggered when the number of cases of an infectious disease exceeds the statistic threshold), and MARSS
detected 31. For BALYSES, 5 alarms either were escalated
into alerts after further investigation or led to official reports to the Regional Health Agency (Agence Régionale de
Santé [ARS]) of PACA, and for MARSS, 16 alarms led to
official reports (10).
In July 2013, we aimed to expand the epidemiologic
surveillance implemented in the AP-HM network to the
entire PACA region by developing a new specific surveillance tool. This tool was developed in collaboration with
the Armed Forces Center for Epidemiology and Public
Health in France (CESPA). Until that time, no laboratory
network in France had been implemented to monitor so
many infectious disease–related events (12). Several other
epidemiologic surveillance networks of microbiologic laboratories exist worldwide, such as the system set up by C.
Paddy Farrington et al. in England and Wales (13) or the
“Vigie” network in Belgium (14).
The PACA region is a population hub with many airports and ports with large flows of migrants and travelers.
These population flows could bring infectious disease into
the PACA region. Therefore, implementation of such a biosurveillance system based on previously unused data from
microbiologic laboratories in the PACA region was expected to improve infectious diseases surveillance. Here we describe the procedure for implementing this biosurveillance
system in and the initial results obtained from July 2013
through the end of March 2016.
Implementing a Biosurveillance System
Study Setting

The PACA region is located in southeastern France and
is the third most populated region in the country, with

≈4.9 million inhabitants (≈7.5% of the total French population) (15). Several major cities are located in the region, such as Marseille, Toulon, and Nice, with 850,636,
163,974, and 343,064 inhabitants, respectively, in 2014
(15). The PACA region, which borders on Italy, is an
important hub, with large population flows from North
Africa across the Mediterranean Sea. In 2015, the PACA
region had ≈611 private or public microbiologic laboratories according to ARS (ARS, unpub. data). Some
of these laboratories have formed groups or networks,
which can consist of up to 70 laboratories (Table 1). The
geographic coverage of the laboratories included in our
biosurveillance network is homogeneous over the region
(Figure 1).
Biosurveillance System

We created a biosurveillance system, the PACA Surveillance Epidemiologic System (PACASurvE), capable of
collecting, standardizing, and computing the laboratory
results produced by public (i.e., hospital-affiliated) and
private-sector microbiology laboratories located in the
PACA region every week. The system’s objectives are
to provide early detection capability and an initial description of possible infectious disease threats (10,16);
accordingly, the system is designed to issue alarms if an
outbreak is detected or if a single case of a rare but severe infectious disease or an unknown infectious agent
is discovered.
PACASurvE is Internet-based and uses Excel software (Microsoft, Redmond, WA, USA) for data collection and management and R version 3.0.1 software (17)
for analysis. The system was implemented and has been
routinely used since July 2013. Public hospital and private
sector laboratories of the PACA region were invited to
participate in the surveillance network. Fifteen institutions

Table 1. Selected characteristics of facilities participating in the Provence Alpes Côte d’Azur Surveillance Epidemiologic System,
France, July 1, 2013–March 20, 2016*
No. laboratories, Wks since Continuous or
Start date of
Facility
Status
Geographic area
N = 210
launch
discontinuous
surveillance
LABM Labazur Provence
Private
Bouches-du-Rhône,
26
142
Continuous
2013 Jul 1
Var, Vaucluse
LABM Alphabio
Private
Marseille
17
142
Continuous
2013 Jul 1
Clinique La Casamance
Public
Marseille
1
139
Continuous
2013 Jul 22
LABM Analys
Private
Boûches-du-Rhône
19
127
Discontinuous 2013 Oct 14
CH Aix-en-Provence
Public
Aix-en-Provence
1
122
Discontinuous 2013 Nov 18
CHU Nice
Public
Nice
1
118
Continuous
2013 Dec 16
CH Martigues
Public
Martigues
1
114
Continuous
2014 Jan 13
CH Salon-de-Provence
Public
Salon-de-Provence
1
109
Discontinuous 2014 Feb 14
Hôpital Inter-Armées, Laveran
Public
Marseille
1
100
Discontinuous 2014 Apr 21
LABM Cerba
Private
PACA
70
63
Continuous
2015 Jan 5
Hôpital Saint-Joseph
Public
Marseille
1
59
Discontinuous
2015 Feb 3
LABM BioAlliance
Private
Marseille
21
42
Continuous
2015 Jun 1
LABM Labazur Nice
Private
Alpes Maritimes
28
23
Continuous
2015 Oct 12
CH Dignes
Public
Dignes
1
11
Discontinuous
2016 Jan 1
LABM Barla
Private
Nice
21
7
Continuous
2016 Feb 3
*CH, Centre Hospitalier (Central Hospital); CHU, Centre Hospitalier Universitaire (Central University Hospital); LABM, Laboratoire de Biologie Médicale
(Medical Laboratory); PACA, Provence Alpes Côte d’Azur.
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Figure 1. Laboratories
participating in the Provence
Alpes Côte d’Azur Surveillance
Epidemiologic System, France,
July 1, 2013–March 20, 2016.
Black dots indicate participating
laboratories; black boxes
indicate public laboratories;
text labels indicate private
laboratories and areas of activity.
Asterisks (*) denote laboratories
using matrix-assisted laser
desorption/ionization timeof-flight mass spectrometry
for identification of species;
all other laboratories shown
use biochemical bacterial
identification. CH, Centre
Hospitalier (Central Hospital);
CHU, Centre Hospitalier
Universitaire (Central University
Hospital); IHU, Institut HospitaloUniversitaire (Hospital–University
Institute); LABM, Laboratoire
de Biologie Médicale (Medical
Laboratory).

were first selected among the leading laboratories in
terms of volume of activity to rapidly achieve a better
geographic representation of PACA (Figure 1). Their participation was based on several criteria proposed in the
literature and relevant to the implementation of our network, including those described by Walckiers et al. (14):
participation of laboratories on an unpaid and voluntary
basis, participation of microbiologic laboratories, anonymity of data, and a standard, predefined frequency for
data collection (14).
After identifying the participating institutions, the second task was to define which events should be monitored
and their respective definitions, which were transmitted to
all laboratories. Data collected included information on
bacterial identification and virologic, bacteriologic, mycologic, and parasitologic laboratory results. Currently, PACASurvE is particularly geared toward the monitoring of
bacterial species.
We defined a case as illness in a patient from whom
>1 bacterial species was isolated and confirmed. Two different bacterial species isolated from samples collected
from the same patient resulted in 2 reported cases. The
samples without bacterial identification were considered
to be negative. Laboratories were free to use the microbiologic methods of their choice to identify bacterial species, including PCR, matrix-assisted laser desorption/
ionization time-of-flight mass spectrometry, or conventional phenotypic methods (e.g., Gram coloration and
API galleries).
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A weekly coordination meeting, which included members from AP-HM and CESPA, was defined to optimize
data collection and organize analyses and feedback. Currently, PACASurvE is included in a comprehensive biosurveillance system at the AP-HM network with the other
epidemiologic surveillance systems previously described
(Figure 2).
Data Flow, Analyses, and Feedback

All the steps of data flow, analyses, and feedback were
mapped (Figure 2). Every week, biologists at participating
institutions sent a report of new cases, in the form of anonymized data contained in Excel spreadsheets or encrypted
PDFs, to the system coordinator.
The first step before analysis was validating and standardizing the reported data, which were checked, cleaned,
and deduplicated. The search for duplicates was performed
weekly according to the unique patient identifier and the
isolated microorganism, and data were then automatically
compared with a thesaurus of all identified bacterial species (10). All analysis steps (e.g., deduplication, merging
of data from different laboratories, statistical analysis, and
visualization tools production) were performed automatically by using a specific algorithm written in a Visual Basic
(Microsoft) script for Excel.
To detect outbreaks as early as possible, an alarm was
triggered when the weekly count of cases for a bacterial
species was higher than 2 SDs of the mean of historical data
since the beginning of surveillance for each laboratory (10).
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After 6 months, once the collection procedures were stabilized, the C1-mild epidemics detection method used by the
Early Aberration Reporting System (18,19) was performed.
This method enables the detection of outbreaks on a dataset
with limited historical data (>7 weeks). Both of these statistical methods operate in parallel at the Institut HospitaloUniversitaire Méditérannée Infection and CESPA.
A statistical alarm is triggered if the observed value
is significantly different from the expected value (16).
After checking biologic criteria, alarms were assessed
as confirmed or unconfirmed by senior biologists during
the weekly AP-HM epidemiologic surveillance meeting.
Alarms that were escalated into an alert (after further investigations that included diagnosis confirmation and descriptive analysis of cases in terms of time, place, and population) led to further epidemiologic investigation, which then
had to be declared to ARS if a real outbreak was confirmed.
Specific countermeasures also had to be implemented, such
as patient isolation, implementation of specific care protocols, or a large scale information campaign (Figure 2). For
feedback, a weekly epidemiologic report was addressed to
all participating laboratories, AP-HM department officials,
CESPA, ARS, and the Interregional Epidemiology Unit
(otherwise known as CIRE).

Results
Scalability of the System

In July 2013, when PACASurvE started, 3 main structures
that collected data from 44 laboratories sent their anonymized
data to the network coordinator every Monday. In March
2016, a total of 15 participating institutions were included in
the biosurveillance system (Table 1). Several participated irregularly; 2 (Centre Hospitalier Dignes and Centre Hospitalier Aix en Provence) transmitted a common declaration file.
Currently, PACASurvE includes 8 public and 7 private sector
participating institutions (Figure 1), representing a total of 210
laboratories (34.4% of all laboratories in the PACA region).
Description of Collected Cases

An average of 14,000 cases (positive and negative) were
reported every week. Since the beginning of the biosurveillance system, 217,621 bacterial infections have been
reported by participating structures (i.e., ≈1,532 confirmed
cases per week). These identifications resulted from the
analysis of an estimated 315,000 urine samples, 140,000
blood cultures, 6,700 respiratory specimens, 32,000 stool
samples, 4,400 cerebrospinal fluid samples, and 176,000
serologic examinations.

Figure 2. Flow diagram of all
epidemiologic surveillance
systems implemented by the
Institut Hospitalo-Universitaire
Méditérannée Infection,
Assistance Publique-Hôpitaux
de Marseille, France. ARS,
Agence Régionale de Santé
(Regional Health Agency);
BALYSES, Bacterial Real-Time
Laboratory-Based Surveillance
System; CDS, Centre de Santé
(Health Center); CHG, Centre
Hospitalier Général (General
Hospital Center); CHU, Centre
Hospitalier Universitaire
(Central University Hospital);
CLIN, Comité de Lutte contre
les Infections Nosocomiales
(Committee for the Fight
Against Nosocomial Infections);
DGS, Direction Générale de la
Santé (Directorate General for
Health); EPIMIC, Epidemiologic
Surveillance and Alert Based
on Microbiological Data; IHU/
AP-HM, Institut HospitaloUniversitaire/Assistance
Publique-Hôpitaux de Marseille;
INVS, Institut Nationale de Veille
Sanitaire (National Institute for Public Health Surveillance); LABM, Laboratoire de Biologie Médicale (Medical Laboratory); MARSS,
Marseille Antibiotic Resistance Surveillance System; PACASurvE, Provence Alpes Côte d’Azur Surveillance Epidemiologic System.
Diagram is based on the workflow described by Abat et Al. 2013 (10).
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Table 2. Ten bacterial species with the most alarms triggered by
the Provence Alpes Côte d’Azur Surveillance Epidemiologic
System, France, July 1, 2013–March 20, 2016*
No. alarms Average weekly
Bacterial species
total
no. alarms
Pseudomonas putida
87
0.6
Stenotrophomonas maltophilia
82
0.6
Neisseria gonorrhoeae
78
0.6
Hafnia alvei
74
0.5
Enterobacter aerogenes
72
0.5
Staphylococcus capitis
72
0.5
Staphylococcus lugdunensis
70
0.5
Streptococcus constellatus
68
0.5
Staphylococcus haemolyticus
66
0.5
Haemophilus parainfluenzae
65
0.5
*Total no. alarms for the entire system during this period was 5,915
(averaging 42 alarms weekly).

Thesaurus

Data were compared automatically to a thesaurus that included 611 bacterial species at the time of the system’s
inception in 2013 (10). Currently, the number of bacterial
species is 673.
Top 10 Identified Bacteria in PACASurvE and Biodiversity

We ranked the overall top 10 bacterial species isolated
since the beginning of the biosurveillance system and the
top 10 per laboratory. The 10 most frequently reported bacterial species in PACASurvE represented 181,241 identifications (83.1% of total cases) (online Technical Appendix,
https://wwwnc.cdc.gov/EID/article/23/4/16-1399Techapp1.xlsx). Escherichia coli infections were the most
frequently reported cases in all the laboratories. For others
species, diversity increased when frequency decreased (online Technical Appendix).
Bacterial Species Specifically Isolated by PACASurvE

PACASurvE has also made it possible to identify bacterial
species that were unknown in the initial thesaurus of APHM (10). A total of 12 bacterial species have been isolated
and added to this thesaurus: Citrobacter werkmanii, Kluyvera cryocrescens, Lactobacillus brevis, Streptococcus
pluranimalium, Paenibacillus peoriae, Rhodotorula minuta, Cronobacter malonaticus, Paenibacillus durus, Rhodotorula mucilaginosa, Rhizobium radiobacter, Buttiauxella
agrestis, and Plesiomonas shigelloides.
Alarms and Alerts

The biosurveillance system issued alarms every week after analysis. These alarms were triggered by an increasing
number of reported cases for some bacterial species. The
system has issued 5,915 alarms since July 2013, averaging
2,160 alarms per year and 41 alarms per week. Since July
2013, after analysis at the weekly coordination meetings,
34 alarms required further investigations after validation
by a senior epidemiologist or a biologist, and 14 (41%) of
those were escalated to an alert. We ranked the 10 bacterial
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species that have triggered the largest number of alarms
since the beginning of the surveillance network (Table 2).
Fourteen notifications have been reported to ARS
as outbreaks, which were caused by the following bacterial species: Enterococcus faecalis, Clostridium difficile
(serotype O27 and non-O27), Escherichia coli, Acinetobacter radioresistens, Serratia marcescens, Enterobacter
aerogenes, Proteus penneri, Streptococcus pyogenes, and
Streptococcus aerogenes. All these epidemiologic events
were identified by PACASurvE and confirmed after further
detection by other surveillance systems. Other alarms were
declared for laboratories or hospitals involved in investigations. These investigations did not necessarily lead to an
alert but more often to an internal investigation.
Alarms regarding an E. faecalis outbreak were issued
by PACASurvE in March 2015 (20), largely because of
an increase in the number of declared cases of E. faecalis
isolated in urine samples in Marseille and surroundings
areas. That outbreak was reported to ARS, and investigations are still ongoing to find out if a single or multiple
clones were responsible.
Alarms regarding C. difficile were issued in the hospital monitoring system BALYSES and among private-sector
laboratories in the PACASurvE system. These alarms led
to a further investigation into C. difficile–related illness and
death in patients. We found the presence of a hypervirulent
strain (O27) (21). However, this strain does not account for
all the deaths attributable to C. difficile (22) because other
strains of this bacterial species exist. Therefore, an alert
was issued to ARS, which led to specific countermeasures
(e.g., systematic screening, isolation of patients, transport
to the infectious diseases unit at Hôpital Nord in Marseille,
and establishment of a specific treatment protocol with early fecal transplant) (23).
Feedback and Network Management

The feedback bulletin was set up to keep all participants in
the surveillance network informed. It consisted of a presentation with 2–3 slides per participating laboratory, with
a summary of their declared activity during the previous
week. It was accompanied by an email newsletter with
information on the main alarms that led to further investigations and interpretation by a college of experts. The
weekly epidemiologic bulletin was also available on the
website of the Institut Hospitalo-Universitaire Méditérannée
Infection (http://www.mediterranee-infection.com/article.
php?larub=23&titre=surveillance-epidemiologique).
Discussion
Since July 2013, we have been operating a biosurveillance
system based on a network of clinical microbiology laboratories in the PACA region to monitor infectious diseases,
especially those attributable to bacterial species.
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To date, to our knowledge, the PACASurvE network is
unique in France. It is a collaborative system (one relying on
the participation of private and hospital laboratories) which
is different from BALYSES (a hospital system) (10). Similar biosurveillance networks were developed in Belgium
(14,24), the United Kingdom (13), and the United States,
where the Laboratory Response Network was implemented
by the Centers for Disease Control and Prevention in 1999
(25). In Belgium, a sentinel network using microbiology
laboratory data was created for the weekly monitoring of
selected pathogens (24,26). In contrast, PACASurvE focuses on the monitoring of 673 bacterial species.
In the United States, the Laboratory Response Network was implemented to build a network of laboratories
that can respond to biologic and chemical emergencies.
Our surveillance system only focused on biologic threats
and was intended for the early detection of infectious disease outbreaks on a weekly basis.
After initial difficulties in enrolling laboratories, the
biosurveillance system now functions regularly. The system has generated 14 alarms that have been investigated
and reported to ARS. These alarms made it possible to detect actual outbreaks and helped to develop effective countermeasures, as in the case of the C. difficile (23) and E.
faecalis (20) outbreaks.
This system has several strengths and some limitations.
The first and main strength of the system is that it can easily
be replicated, thanks to its low implementation cost and its
use of Excel software. The use of this software allowed the
system to be set up rapidly, and any necessary modifications can be made easily, compared with the software used
by other surveillance systems, such as Real Time Outbreak
and Disease Surveillance (27). This simplicity could allow
it to be implemented in developing countries.
Continuous improvement also is a major strength of
PACASurvE. The number of laboratories increases regularly, which improves the representativeness of the PACA
region. Improving geographic representativeness is important for the purposes of extrapolating our results or extending the system to other regions. Currently, the coverage of
the system includes 214 laboratories in the PACA region,
representing 81% of major urban areas of the PACA region
(e.g., Marseille, Nice, and Toulon). Only 1 department of
the region, the Hautes Alpes, is not properly covered.
The third strength is the diversity of bacterial species
identified and transmitted by the network of laboratories
in the PACA region. The number of samples tested and
their diversity are greater in the PACASurvE than in other
surveillance systems currently active in France (10). This
difference could be explained by the higher number of participating laboratories, which increases continually. This
high diversity underlines the relevance of a private-sector
laboratory surveillance system operating in parallel with

a hospital epidemiologic surveillance system. Currently,
PACASurvE monitors only bacterial species, but it would
be interesting to extend this surveillance to other subjects,
such as antibiograms or viruses.
Our biosurveillance system has some limitations. The
first relates to the statistical analyses used at the beginning
for the detection of abnormal events. The use of a threshold
of 2 SDs higher than the historical weekly mean is not necessarily appropriate, although it is easy to set up rapidly and
enabled detection of an abnormal event. At the beginning
of the surveillance system data collection, in the absence of
strong historical data, this basic algorithm seemed to be the
most appropriate and easy to use given the circumstances.
After studying the methods used to address seasonal variations and sporadic emergence of rare bacterial species as
described by Enki et al. (13) in 2013, Farrington et al. (28)
in 1996, Buckeridge et al. (29) in 2004, and Frickers et al.
(30) in 2008, we decided to implement another method and
this introduced the C1-mild epidemics detection method
(18) with R software into the surveillance package. This
method is now used routinely in CESPA.
The second limitation concerns the laboratories’ willingness to participate, which could lead to problems in reporting. For example, we have to encourage laboratories to
report their data automatically by using the Internet platform.
After only 2 years in operation, the results achieved
by our network are already promising. The economic
cost of this system will be calculated, being a major criteria for the first planned evaluation of the system. In
the future, we will improve the completeness of transmitted data and will try to extend our network to other
regions in France. This type of regional biosurveillance
network could be linked to data from existing networks
implemented by the National Institute for Public Health
Surveillance (Santé Publique France) to enable comprehensive surveillance of all French territory. An equivalent of the Epidemiologic Surveillance and Alert Based
on Microbiological Data system has been set up in Senegal with the participation of several health centers. In
conclusion, the recent development of a surveillance
network based on data from microbiologic laboratories
in the PACA region has demonstrated its value for early
identification of regional epidemics.
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Transmission of HAV through Transplantation
Although transmission of hepatitis A virus (HAV) through
blood transfusion has been documented, transmission
through organ transplantation has not been reported. In August 2015, state health officials in Texas, USA, were notified of 2 home health nurses with HAV infection whose only
common exposure was a child who had undergone multi–
visceral organ transplantation 9 months earlier. Specimens
from the nurses, organ donor, and all organ recipients were
tested and medical records reviewed to determine a possible infection source. Identical HAV RNA sequences were
detected from the serum of both nurses and the organ donor, as well as from the multi–visceral organ recipient’s serum and feces; this recipient’s posttransplant liver and intestine biopsy specimens also had detectable virus. The other
organ recipients tested negative for HAV RNA. Vaccination
of the donor might have prevented infection in the recipient
and subsequent transmission to the healthcare workers.

H

epatitis A virus (HAV), the most common cause of
viral hepatitis, is a nonenveloped RNA virus belonging to the family Picornaviridae (1,2). Approximately 1.5
million clinical cases of HAV occur worldwide annually;
the virus is commonly spread person to person through
the fecal–oral route (2). Although rates of HAV infection
have declined by 95% in the United States since a vaccine
became available, infections continue to result from close
personal contact with an infected household member or
common-source outbreaks from contaminated food or water (3). HAV can cause relapsing and fulminant hepatitis,
but fatal infection is rare.
Parenteral transmission of HAV through contaminated
blood products or needles is also rare, despite the presence
of viremia up to 30 days before symptom onset (4). No
screening tests for HAV infection are required for blood,
organ, or tissue donation in the United States (5). HAV
transmission through solid-organ transplantation has not
been reported in the literature.
In August 2015, genetically identical HAV was recovered from 2 healthcare workers (HCWs) participating in
the care of a child recipient of multiple visceral organs. To
prevent infection in other organ recipients and contacts,
the Centers for Disease Control and Prevention (CDC),
along with state and local health departments, conducted
an investigation to determine the source of the HCW infection and whether HAV was transmitted through the solidorgan transplantation.
Case Report
In August 2015, the Texas Department of State Health
Services received requests from 2 separate local health departments for postexposure prophylaxis recommendations
for contacts of 2 nurses with confirmed HAV infection. In
both nurses, symptomatic infections developed within days
of each other; both nurses worked for the same pediatric

home healthcare agency. The nurses did not have shared
exposures other than 1 patient and had not been vaccinated
for hepatitis A.
The shared patient was a 7-year-old who underwent
multiorgan (liver, small bowel, and pancreas) transplantation because of megacystis microcolon intestinal hypoperistalsis syndrome, a rare congenital condition characterized
by a largely dilated nonobstructed urinary bladder (megacystis), very small colon (microcolon), and decreased or
absent intestinal movements (intestinal peristalsis). The
transplantation occurred in December 2014.
This patient’s posttransplant course was complicated
by intraabdominal abscesses, acute liver rejection, EpsteinBarr virus enteritis, cytomegalovirus infection, and lymphoproliferative disorder. The patient was discharged to home
in March 2015 with an alanine aminotransferase (ALT)
level of 49 IU/L (reference 0–50 IU/L). By the following
month, ALT had increased to 324 IU/L, and by June 2015,
to 515 IU/L. During the time of ALT increase, the patient,
who had a colostomy and ileostomy, also had increased stoma output. Because of worsening clinical symptoms, a liver
biopsy was conducted on June 19, 2015; results showed
features of moderate acute cellular rejection, as well as diffuse, lobular acute and chronic inflammation. On June 30,
a repeat liver biopsy was performed because of persistent
ALT elevation despite increased treatment for rejection.
The multi–visceral organ recipient had received 2
doses of hepatitis A vaccine, as part of routine childhood
vaccinations, and was IgG HAV positive in 2013, indicating prior immunity against HAV, although the patient
was immune suppressed after transplantation. Because of
the other clinical conditions that could have explained the
ALT elevation and gastrointestinal symptoms, HAV infection was initially not considered. When subsequent testing
prompted by the infections in the recipient’s caregivers revealed the multi–visceral organ recipient was positive for
HAV RNA, a laboratory and epidemiologic investigation
focused on whether infection was due to recent fecal–oral
transmission or from solid-organ transplantation. Available
transplant-related specimens were tested to rule out transmission through transplantation.
Methods
Clinical and Epidemiologic Review

The case was reported to the Organ Procurement and
Transplantation Network and reviewed by the Network’s
ad hoc Disease Transmission Advisory Committee as a
suspected donor-derived disease event. Through representation on advisory committee, CDC, with support from
state and local health departments, investigates potential
transmission to other organ recipients. To determine
whether the multi–visceral organ recipient acquired HAV
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infection through transplantation and to identify other potentially infected HCWs, public health investigators reviewed medical records, interviewed household contacts,
and conducted additional case finding among healthcare
providers and other transplant recipients. This investigation included review of records from the home health
agency that employed both home health nurses; consultation with occupational health staff from the treating facilities; and review of surveillance data from the jurisdictions
in which the patient received care.
Laboratory Specimen Collection and Testing

Laboratory testing was conducted at the laboratory of
CDC’s Division of Viral Hepatitis, National Center for
HIV, Viral Hepatitis, STD, and TB Prevention (Atlanta,
GA, USA). IgG HAV, IgM HAV, and HAV RNA extraction of serum was conducted on both HCWs; the organ donor; and recipients of the visceral organs, heart,
and kidneys. When HAV RNA was detected from serum
samples, PCR and phylogenetic analysis was conducted
to determine relatedness. Similar testing was conducted
on frozen and paraffin-embedded liver and small bowel
tissue biopsy specimens from the multi–visceral organ
recipient. Methods of viral extraction from paraffinembedded tissue have been described previously (6).
All HAV RNA–positive samples were used to sequence
the HAV VP1/P2B (viral protein 1/amino terminus of
2B) genomic region, and phylogenetic analysis was performed by comparing these sequences with archived
HAV sequences contained within the CDC HAV sequence database (7).
Results
Results of Epidemiologic Investigation

Case investigations revealed that, during their incubation
and infectious periods, the home health nurses cared for a
total of 12 children. However, they had only 1 patient in
common: the multi–visceral organ recipient (8).
An additional HCW with HAV infection was identified during a case-contact interview with the mother of the
multi–visceral organ recipient. This nurse also provided
care to the multi–visceral organ recipient, and jaundice,
diarrhea, and arthralgia later developed that required inpatient admission. HAV infection was diagnosed by serologic testing during that hospitalization; this nurse also
had not received a hepatitis A vaccination. Care for the
multi–visceral organ recipient provided by all 3 nurses included managing watery feces (e.g., changing diapers and
ostomy bags). Epidemiologic investigation and the resulting timeline (Figure 1) provide evidence that all 3 nurses
most likely were infected by exposure to the multi–visceral
organ recipient.
592

The organ donor, an 8-year-old who died in a motor vehicle collision, traveled to Guatemala, a country to
which HAV is endemic, 6 months before death. In addition to the visceral organs, which were transplanted into
the index patient, the heart and both kidneys were transplanted into 3 other recipients. The organ donor’s name
was found in a vaccination registry maintained by 1 of
the states of residence, which indicated that the hepatitis
A vaccination was not given. Serum banked from donation was negative for evidence of antibody to hepatitis B
surface antigen, further indicating that the donor might
not have completed recommended childhood vaccinations
against any viral hepatitis.
Results of Laboratory Investigation

PCR results for HAV RNA of serum specimens from the 2
home health nurses and the multi–visceral organ recipient
are shown in Table 1. The third HCW had recovered by the
time the outbreak was identified and had no available specimen from when she was symptomatic. The specimens from
the 2 nurses and the organ recipient had detectable HAV
RNA with sequences genetically identical to those of other
isolates in the CDC HAV isolate database, thus confirming the multi–visceral organ recipient as the source of the
HCW infections (Figure 2).
Retrospective testing of banked liver biopsy tissue
from the multi–visceral organ recipient showed no detectable HAV RNA in native liver but detectable HAV RNA
in all subsequent samples, as early as 5 days after transplantation. Sequential serum and fecal specimens from
the multi–visceral organ recipient were positive for HAV
RNA through January 2016; follow-up serum specimens
drawn monthly during March–May 2016 and a fecal specimen from May 2016 showed clearance of HAV in serum
but persistent low-level viremia in feces (Table 2). Frozen
serum specimens from the 8-year-old organ donor also
were positive for HAV RNA (Table 1). Serum specimens
collected from the heart and kidney recipients ≈10 months
after transplant tested negative for HAV RNA at CDC and
negative for HAV IgM at their sites of clinical care (Table
1). These recipients also had no clinical signs or symptoms
consistent with HAV infection.
Discussion
The isolation of genetically identical HAV RNA sequences
from the multi–visceral organ recipient and the organ donor indicates HAV infection was transmitted through organ
transplantation, even though the index patient had earlier
evidence of immunity. The 3 HCWs associated with this
investigation most likely were infected by the traditional
fecal–oral route. The infectious period of the multi–visceral organ recipient is also among the longest documented in
a person infected with HAV, typically an acute disease (9).
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Figure 1. Polygenetic analysis of HAV isolates within the Centers for
Disease Control and Prevention’s US HAV database. The genomic
regions are the 315-bp long HAV VP1/P2B (viral protein 1/amino
terminus of 2B). Black squares indicate isolates from the outbreak of
HAV transmitted through a combined liver–small intestine–pancreas
transplantation, Texas, USA, 2014–2015. Scale bar indicates
nucleotide variation. HAV, hepatitis A virus.
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Table 1. Laboratory results for case-patients and contacts related to HAV outbreak, Texas, 2015*
Serologic testing
Patient or source of specimen
Outcome or status
HAV rRT -PCR
IgM
IgG
Donor
Deceased
Detected
Detected
Not detected
Multi–visceral organ recipient
Persistent infection
Detected
Detected
Detected
Heart recipient
Immune
Not detected
Not detected
Detected
Left kidney recipient
Immune
Not detected
Not detected
Detected
Right kidney recipient
Immune
Not detected
Not detected
Detected
Home health nurse A
Recovered
Detected
Detected
Not detected
Home health nurse B
Recovered
Detected
Detected
Not detected
Inpatient nurse
Recovered
No sample
Detected
Not detected
*HAV, hepatitis A virus; rRT-PCR, real-time reverse transcription PCR.

Diagnosis in the multi–visceral organ recipient probably was delayed due to deferred testing because of concurrent conditions that provided alternative explanations
for the recipient’s clinical presentation and history of prior
HAV immunity. The patient had history of vaccination but
immune suppression probably blunted antibody response.
Symptomatic persons typically show elevated ALT levels
that coincide with onset of clinical illness. The infected organ recipient had elevated ALT shortly after liver transplantation, but it coincided with other viral infections
(Epstein-Barr virus and cytomegalovirus) and was later assumed to be related to possible acute liver rejection.
The process that results in prolonged courses of HAV
infection is unknown (10). In contrast to hepatitis B and C
viruses, HAV is not typically associated with a prolonged
infectious carrier state (11). Nonetheless, this case report,
and scant longitudinal studies in the literature, demonstrate
the potential for ongoing transmission. In published longitudinal studies, HAV viremia persisted for median periods
of 22–42 days in immunocompetent persons and 256–490

Vaccination status
Unvaccinated
Vaccinated
Vaccinated
Vaccinated
Vaccinated
Unvaccinated
Unvaccinated
Unvaccinated

days in immunocompromised persons (11,12). Similar
findings have been published of persistent viral shedding in
feces with median days of detection after symptom onset of
81–127 days (11). The level and length of HAV infection
and fecal shedding make the carrier a potential continuing
infectious source of the virus, which occurred in this case.
Because the primary transmission of HAV is fecal–oral,
it is not surprising that diarrhea or fecal incontinence leads to
the spread of infection (13). Nosocomial outbreaks are uncommon because hygienic practices are generally adhered to more
consistently when the patient is symptomatic enough to be hospitalized (14). The use of contact precautions is recommended
for HCWs caring for patients with HAV who are diapered or
incontinent (15). Because HCWs do not have increased prevalence of HAV infection and because nosocomial outbreaks
of HAV are rare, hepatitis A vaccination is not mandatory for
HCWs in the United States (16,17). In this case, the multi–
visceral organ recipient’s ileostomy and colostomy output
had increased, but it was difficult to determine whether these
increases represented symptoms of HAV infection because

Figure 2. Clinical timeline of HAV infection among a multi–visceral organ transplantation recipient and infected healthcare workers,
Texas, 2014–2015. ALT, alanine aminotransferase; HAV, hepatitis A virus.
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Table 2. Pathologic, serum, and fecal HAV RNA quantification test results of multi–visceral organ recipient, Texas, 2014–2015*
Small bowel HAV RNA,
Serum HAV RNA,
Date collected
Liver HAV RNA, IU/mL
IU/mL
IU/mL
Fecal HAV RNA, IU/mL
2014 Dec 18
Native liver, none detected
2014 Dec 23
34,000
2015 Jan 23
1,500,00
2015 Feb 10
7,000
2015 Mar 10
5,400
2015 Apr 16
>90,000,000
2015 Sep 21
>90,000,000
>90,000,000
2015 Sep 29
746,000,000
>90,000,000
2015 Oct 15
1,400,000
372,000
2015 Nov 9
27,900
2015 Nov 16
17,300
2015 Nov 23
13,000
1,500,000
2015 Dec 3
38,900
51,900
2016 Jan 11
68,000
22,600
2016 Mar 9
320
2016 Apr 6
Not detected
270
2016 May 4
Not detected
Not detected
*Blank cells indicate that no specimen was available for testing. HAV, hepatitis A virus.

her stoma output was typically described as a continuous liquid, even before hepatitis developed. Also, the home health
nurses were spending 12 hours per shift inside the patient’s
home, where they ate meals and shared space with the patient’s family, and thus were considered household contacts,
which increased their risk for infection. Previous studies have
shown that length of contact with an infected patient increases the attack rate of HCWs, and postexposure prophylaxis
is recommended for household contacts of infected patients
(14,16). The parents of the organ recipient were tested for
HAV infection before the patient was determined to be the
source. The mother’s test results indicated immunity to HAV,
and the father was not HAV immune but received hepatitis
vaccination at testing. Once the infection was detected, contact precautions were instituted during subsequent hospitalizations, the local health department recommended the patient’s home health nurses be fully vaccinated against HAV,
and no further transmissions to HCWs were detected during
the subsequent 8 months of continued viral shedding in the
patient’s feces.
Transmission of HAV after blood transfusion has been
established previously but has not been reported through
organ transplantation (5). Organ procurement organizations typically complete a medical history questionnaire
focusing on prior vaccinations, infections, and exposures to
screen donors and recipients for multiple types of infection
(18). Because of the acute nature of HAV infection, pretransplant testing is not routinely done, although hepatitis
A vaccination of transplantation candidates is recommended (16). The multi–visceral organ recipient was vaccinated,
but studies have shown loss of immunity to HAV after
transplantation because of immunosuppression (19,20).
The heart and kidney transplant recipients had evidence
of immunity and probably were protected through previous vaccination. It is unknown whether the differences in

immunosuppression and types of organs transplanted in the
heart and kidney recipients were also factors in preventing
HAV infection after transplantation in these persons.
In 2006, the Advisory Committee on Immunization
Practices recommended routine hepatitis A vaccination for
all children beginning at 12–23 months of age (16). Both
inactivated whole-virus vaccines available in the United
States are well tolerated and effective, showing serologic
levels of protection for at least 17 years (21,22). In 2014,
however, 2-dose vaccination coverage among children
19–35 months of age in the United States was only 57.5%,
the lowest vaccine coverage for a complete vaccine series
among the routine childhood vaccines (23). The 8-year-old
organ donor in this report most likely was not vaccinated
against HAV, and transmission to the recipient and HCWs
could have been prevented had vaccination occurred.
Rapid communication between public health officials,
physicians, transplant centers, and organ procurement organizations made locating and testing the other organ recipients in
this investigation possible. Because of the low US incidence
of HAV infection and typically brief self-limiting course of
disease, an HAV-unvaccinated organ donor is unlikely to be
acutely infected at death and transmit HAV to a patient. The
acute nature of HAV infection, low population HAV infection rate, and low rate of HAV infection–associated hospitalization make universal vaccination of HCWs and pretransplant testing for patients impractical. Vaccination against
hepatitis A of the organ donor at 12–23 months of age, as
recommended by the Advisory Committee on Immunization
Practices, most likely would have prevented infection of the
multi–visceral organ recipient and exposed HCWs.
This work was supported by the Division of Viral Hepatitis,
National Center for HIV, Viral Hepatitis, STD, and TB
Prevention, CDC.
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Influence of Referral Pathway
on Ebola Virus Disease
Case-Fatality Rate and Effect of
Survival Selection Bias
Frauke Rudolf, Mads Damkjær, Suzanne Lunding, Kenn Dornonville de la Cour,
Alyssa Young, Tim Brooks, Tom Sesay, Alex P. Salam, Sharmistha Mishra, Merete Storgaard

Case-fatality rates in Ebola treatment centers (ETCs) varied widely during the Ebola virus disease (EVD) outbreak
in West Africa. We assessed the influence of referral pathway on ETC case-fatality rates with a retrospective cohort
of 126 patients treated at the Mathaska ETC in Port Loko,
Sierra Leone. The patients consisted of persons who had
confirmed EVD when transferred to the ETC or who had
been diagnosed onsite. The case-fatality rate for transferred patients was 46% versus 67% for patients diagnosed onsite (p = 0.02). The difference was mediated by
Ebola viral load at diagnosis, suggesting a survival selection bias. Comparisons of case-fatality rates across ETCs
and clinical management strategies should account for potential survival selection bias.

A

s of February 14, 2016, the 2014–2016 outbreak of
Ebola virus in West Africa had resulted in >14,000
cases of Ebola virus disease (EVD) and ≈4,000 deaths in
Sierra Leone (1). The country’s strategy for managing the
outbreak and isolating patients included decentralized Ebola treatment centers (ETCs) and Ebola isolation centers
(EICs), which were also known as community care centers
and holding centers (2,3). EICs were transitional facilities
meant for admission and isolation of patients who were
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awaiting results of Ebola diagnostic testing (real-time
PCR) and provision of basic care (e.g., administration of
oral rehydration solution) (2). EIC patients with Ebola virus–negative test results were discharged, and those with
positive results were transferred to an ETC. In contrast
to EICs, ETCs could care for patients suspected of having and those confirmed to have EVD without transfer of
patients between facilities. EICs were initially designed
to address a shortfall in ETC bed capacity, although their
use continued even as ETC bed capacity increased during
the outbreak (1).
Recent studies on EVD clinical outcomes (2,4–7)
demonstrate considerable variability in case-fatality rates
(37%–74%) and call for further analyses to understand the
reason(s) for this variability. Predictors of higher case-fatality rate after ETC admission are age (4–6,8) and higher
viremia at diagnosis (9,10) and, less consistently, longer
symptom duration before admission (4–6,8,9); clinical
presentation with confusion, diarrhea, and conjunctivitis
(4–6,8); and biochemical evidence of kidney injury, hepatitis, or both (5). One study reported early EVD-associated
deaths (i.e., in the community) with a case-fatality rate of
24% before ETC transfer (9). None of these studies examined the care pathway of EVD patients or the extent to
which direct admission to an ETC versus transfer from an
EIC influenced case-fatality rates measured in ETCs.
We sought to investigate whether referral pathway had
any influence on case-fatality rate. We specifically sought
to determine whether there was a statistically significant
difference in case-fatality rate between EVD patients admitted directly to the ETC compared with patients first admitted to an EIC and subsequently transferred to the ETC
after confirmation of EVD status.
Methods
Study Setting

We conducted a retrospective cohort study on all patients
with EVD admitted to the Mathaska ETC in Port Loko
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district, Sierra Leone, during December 12, 2014–March
14, 2015 (i.e., from the time the ETC opened until the first
author of this article left Sierra Leone). GOAL Global
(https://www.goalglobal.org/) ran the ETC with national
and international staff, and the ETC received patients from
Port Loko and the neighboring district, Kambia. The ETC
received patients via 2 referral paths: 1) patients transferred
from an EICs after testing positive for Ebola virus (cohort
1, confirmed cases); and 2) patients admitted after meeting
the Sierra Leone Ministry of Health and Sanitation (MoHS)
case definition of presumed EVD detected through active
monitoring of contacts in quarantine or through passive
surveillance in communities and non-EVD healthcare facilities (cohort 2, suspected or probable cases). We included
cohort 2 patients in the study only if they were confirmed to
have EVD (i.e., Ebola-positive real-time PCR results) after
admission to the ETC.
All cases of EVD during the study period in Port Loko
and Kambia were confirmed by PCR testing of blood;
testing was performed at the Public Health England reference laboratory in Port Loko. Patients received symptomatic treatment according to World Health Organization and
MoHS guidelines (11). The Sierra Leone Ethics and Scientific Review Committee approved the study.
Data and Analyses

We used EpiData version 3.1 software (EpiData Association, Odense, Denmark) to extract and compare the following data for directly admitted and transferred patients:
demographic data (age, sex); clinical data (time from
symptom onset to EVD test, death vs. survival in ETC);
laboratory data (PCR results, cycle threshold [Ct]); and referral and admission data from clinical charts. For all patients, we used the Ct from the initial positive blood sample
(i.e., for cohort 1, the blood sample was from the EIC).
The Ct is inversely proportional to the level of virus in the
blood sample (12). We verified clinical documentation of
referral source and cohort 1 classification from MoHS surveillance data and by checking the EVD test date against
the ETC admission date. While waiting for PCR results, 6
EIC patients were admitted to the ETC’s ward for patients
with suspected or probable EVD. To be consistent in our
analysis, we considered those patients directly admitted
patients (cohort 1).
We calculated the time from symptom onset to EVD
test by subtracting the self-reported symptoms-onset date
from the first EVD test (which occurred on the date of admission to an EIC or ETC). We assessed the number of
symptoms at admission as well as the stage of disease (i.e.,
the presence of mild influenza-like symptoms, wet symptoms [i.e., diarrhea or vomiting, or both], or hemorrhagic
symptoms). Case-fatality was recorded as a death in the
ETC. Survival among patients with confirmed EVD was
598

defined as a resolution of viremia, as confirmed by an Ebola virus–negative PCR result. We assessed for differences
in proportions by using the χ2 test for categorical variables
with >5 observations/cell in a frequency table (death by
cohort, admission stage by cohort, case-fatality rate by cohort). We used the t-test to compare continuous variables if
normally distributed (age distribution between cohorts); we
applied the Wilcoxon–Mann–Whitney rank test if nonnormal distribution was found (interval from symptom onset to
EVD testing between cohorts, interval from symptom onset
to ETC admission between cohorts, Ct between cohorts, association between low Ct and increased case-fatality rate).
To graphically represent the time to death, we used KaplanMeier survival curves. To assess difference in fatality rates
between transferred and directly admitted patients, we used
Cox proportional hazards analysis adjusted for Ct value;
no significant deviations from the proportional hazards assumption were found. We used Stata 12 (StataCorp LLC,
College Station, TX, USA) to analyze data.
Results
During the study period, 227 patients were transferred and
admitted to the ETC; 128 of these patients had EVD. Of
those 128 patients, 126 were included in the study. The 2
excluded EVD patients were transferred to another ETC,
and their outcomes were unknown. Female patients comprised 53% of the patients. The median age of patients was
30 years (interquartile range [IQR] 18–42); 27 patients
were <15 years of age.
The overall EVD case-fatality rate at Mathaska ETC
was 59% (74/126 patients). The case-fatality rate was highest among children <2 years of age (67%) and persons >35
years of age (78%). Of the 74 patients who died, 72 (97%)
died within 9 days of ETC admission (Figure).
Cohort 1 comprised 48 patients who were transferred
to Mathaska ETC from EICs (n = 45) or other local ETCs
(n = 3) with a confirmed EVD diagnosis. Cohort 2 comprised 78 patients: 16 from quarantine, 1 from a non-EVD
hospital, 6 from EICs in Kambia district, 1 from another
ETC, and 53 who were referred through community surveillance. The referral pathway was missing for 1 patient.
The age distribution was similar between cohorts (p = 0.2)
(Table). The time from symptom onset to admission at the
ETC was shorter for cohort 2 patients than cohort 1 patients (4 vs. 6 days; p<0.001), and the Ct at diagnosis was
higher among cohort 1 patients than cohort 2 patients (23
vs. 20; p<0.001).
The median duration of symptoms before EVD testing was similar between cohorts 1 and 2 (median 4 [IQR
2–5] days vs. 4 [IQR 3–6] days; p = 0.7) (Table). A lower Ct was associated with an increased case-fatality rate
(p<0.001). Neither the quantity of symptoms (mean 6.5
[cohort 1] vs. 6.2 [cohort 2]; p = 0.3) nor the distribution of
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Figure. Kaplan-Meier survival plot stratified by referral pathway
for patients admitted directly to an Ebola treatment center (ETC)
with confirmed Ebola virus disease (cohort 1, blue line) and for
patients diagnosed at the ETC (cohort 2, red line). Plots show
the percentage of patients surviving as a function of time (days)
from reported symptom onset. Shaded areas indicate 95% CIs.
*p<0.05.

patients according to severity stages differed significantly
between cohorts 1 and 2 (p = 0.8).
The case-fatality rate was lower for cohort 1 (EVD
confirmed before transfer) than cohort 2 (46% vs. 67%; p
= 0.02) (Table). After we adjusted for Ct at diagnosis, the
case-fatality rate was no longer significantly different between cohorts 1 and 2 (p = 0.2).
Discussion
Understanding sources of variability in observed case-fatality rates during the 2014–2016 Ebola virus outbreak in
West Africa is essential for interpreting case-fatality rate as
part of routine monitoring of a clinical program (1) and for
evaluating the effect of clinical interventions. We investigated whether patients transferred to Mathaska ETC had a
lower case-fatality rate than patients directly admitted to
the ETC, and our results show that referral pathway does
influence the case-fatality rate. This finding confirms the
observations from previous studies showing that virus load
and patient age are associated with EVD case fatality (4).

In Sierra Leone, 5 ETCs with different referral pathways reported different case-fatality rates. Among EVD
patients admitted and diagnosed onsite at Kenema Government Hospital early in the outbreak, the case-fatality
rate was 74% (64 deaths/87 patients) (6). The Médecins
Sans Frontières ETC in Kailahun admitted and diagnosed
patients on-site and reported a case-fatality rate of 51%
(270 deaths/525 patients) (4). In Bo, the case-fatality rate
was 66% (142/216) among all confirmed EVD patients
detected in the community during the study period, but it
was 40% (49/123) among the detected EVD patients who
survived until admittance to an ETC (9). In contrast, the
Save the Children ETC in Kerry Town, Sierra Leone, had a
case-fatality rate of 37% (55 deaths/150 patients) and was
equipped to provide a higher level of care (additional diagnostics) but received only confirmed patients from EICs
(5). Among the 85 EVD patients admitted to the EIC in the
Jui Government Hospital in Sierra Leone, the case-fatality
rate was 60%, although it was unclear whether the deaths
occurred in the EIC or in the ETC to which confirmed patients were transferred (7).
We found that the influence of referral pathways on the
estimated case-fatality rate at Mathaska ETC was probably
mediated by differences in virus load at diagnosis. This
finding supports the hypothesis that differences in observed
case-fatality rates by referral pathway are probably due to
survival selection bias rather than differences in patient
care at individual ETCs. We did not measure case-fatality
rates in the EICs. Thus, we cannot infer the role of EIC versus ETC on case-fatality rate before EVD confirmation and
transfer to EVD-confirmed wards. Furthermore, although
the difference in virus load among the 2 cohorts suggests
that the transferred patients were in recovery, there was no
difference in the number of symptoms nor in the severity
of disease when patients were admitted to the ETC. We
did not, however, assess the degree of the individual symptoms, and that information might have added clarity.
Our data, along with the case-fatality rates reported for
other ETCs in Sierra Leone (4,5), suggest that if the referral
pathway (i.e., time spent in EICs) is long, patients may die
before getting tested for EVD disease. Thus, EVD patients
transferred to the ETC represent a different patient population than those diagnosed on-site. Our findings of possible

Table. Demographic and epidemiologic differences between 2 patient cohorts in a study of the sources of variability in case-fatality
rates in Ebola treatment centers, Sierra Leone, 2014–2016*
Variable
Cohort 1, n = 48
Cohort 2, n = 78
p value
Case-fatality rate, %
46
67
0.02
Age, median, IQR
29 (14–40)
34 (20–45)
0.2
Children <15 years of age, no. (%)
12 (44)
15 (56)
0.4
Days from symptom onset to EVD testing (IQR)
4 (2–5)
4 (3–6)
0.7
Days from symptom onset to admission at ETC, median (IQR)
6 (4–7)
4 (2–5)
<0.001
Ct, median (IQR)†
23 (21–26)
20 (18–23)
<0.001

*Cohort 1 consisted of patients admitted directly to the ETC (Ebola treatment center) with confirmed EVD (Ebola virus disease); cohort 2 consisted of
patients admitted directly to the ETC, where they were subsequently diagnosed with EVD. C t, cycle threshold; IQR, interquartile range.
†Obtained from first blood sample drawn.
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survivor selection bias are consistent with findings in previous reports showing a higher case-fatality rate among patients who were admitted early after symptom onset (4,5),
an initially counter-intuitive finding, given the provision
early supportive management. In Kailahun, patients who
traveled long distances to reach the ETC had a lower casefatality rate than those who traveled shorter distances (4).
Although, as pointed out by Hunt et al. (5), reported symptom onset date is subject to recall bias. Thus studies of clinical predictors and comparisons of case-fatality rates across
ETCs must account for potential survivor selection bias.
Symptom-onset date is prone to recall and social desirability bias, but referral pathways are an objective indicator
of potential differences in patient populations admitted to
ETCs. From a clinical perspective in the ETC, measuring
and making decisions based on anticipated efficacy of supportive management or experimental drugs must account
for these differences in patients. A key social mobilization
message during the West Africa outbreak was the importance of early diagnosis and treatment to save lives (not just
prevent transmission), drawing on experience and evidence
from other infectious diseases with similar end-organ effects. Invasive monitoring and careful fluid management
probably contributed to the low case-fatality rates observed
in the study in Kerry Town, but as the authors noted, the
study population was subject to selection bias (5), which
limits the generalizability of care-associated predictors of
outcome. Rigorous study of all patients with confirmed
EVD and estimates of case-fatality rate at each point in the
referral pathway (community, EIC, ETC) are needed to disentangle survival selection bias from the effect of early care
and care-associated predictors of case-fatality rate.
In conclusion, case-fatality rates across ETCs may depend on which patients are referred to the facilities and,
thus, the distribution of known predictors, such as age and
virus load. Referral pathways and the potential for survival
selection bias should be accounted for when comparing
case-fatality rates between studies, ETCs, and interventions
and when planning and evaluating future clinical trials.
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Plasmodium malariae Prevalence
and csp Gene Diversity,
Kenya, 2014 and 2015
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In Africa, control programs that target primarily Plasmodium falciparum are inadequate for eliminating malaria. To
learn more about prevalence and genetic variability of P.
malariae in Africa, we examined blood samples from 663
asymptomatic and 245 symptomatic persons from western
Kenya during June–August of 2014 and 2015. P. malariae
accounted for 5.3% (35/663) of asymptomatic infections
and 3.3% (8/245) of clinical cases. Among asymptomatic
persons, 71% (32/45) of P. malariae infections detected by
PCR were undetected by microscopy. The low sensitivity
of microscopy probably results from the significantly lower
parasitemia of P. malariae. Analyses of P. malariae circumsporozoite protein gene sequences revealed high genetic
diversity among P. malariae in Africa, but no clear differentiation among geographic populations was observed. Our
findings suggest that P. malariae should be included in the
malaria elimination strategy in Africa and highlight the need
for sensitive and field-applicable methods to identify P. malariae in malaria-endemic areas.

O

ver the past decade, malaria control strategies in Africa have reduced the number of malaria cases and
deaths. Nevertheless, non–Plasmodium falciparum malaria
still presents a major challenge for malaria elimination
(1,2). Global malaria elimination programs focus primarily on P. falciparum. Recent research efforts and control
programs have drawn resources to P. vivax malaria. By
contrast, P. malariae and P. ovale receive little attention,
and malaria caused by these organisms is among the most
neglected tropical diseases (3). In those rural areas of Africa where malaria is most common, affordable diagnostic
tools are rapid diagnostic tests and microscopy, but they are
not effective for detecting these 2 species, mainly because
parasitemia with these species is low (4–6). As a result, P.
malariae and P. ovale infections are often underestimated,
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and epidemiologic information, such as distribution and
prevalence of these species in malaria-endemic areas, is
lacking. This knowledge is essential for implementation of
specific strategies for monitoring and eliminating all types
of malaria where it is endemic to Africa.
Although P. malariae infection is often asymptomatic
and rarely leads to severe clinical illness or death, this species causes a low-grade chronic infection that persists for
decades and is associated with nephropathy and anemia (7–
9). The persistence, as well as submicroscopic features of
P. malariae, have contributed to intermittent outbreaks of
malaria in the Colombian Amazon region (10). In addition,
P. malariae can cause irreversible stage 5 kidney failure
(11). The prevalence of this species may increase the risk
for kidney injuries and impair renal function, particularly in
children with no immunity against P. malariae. Ample evidence shows peak prevalence for severe and uncomplicated
clinical P. falciparum malaria among infants and children
in sub-Saharan Africa (12–14). Contrary to this age pattern,
patients with P. malariae infections in Papua, Indonesia,
were older (median 22 years of age) than those with non–
P. malariae infections (e.g., P. vivax; median 10 years of
age) (9). Knowledge of the age patterns of patients with P.
malariae infection is critical for understanding its epidemiology and developing effective preventative strategies.
Compared with the distribution of P. falciparum and
P. vivax, the distribution of P. malariae is relatively sparse
and variable. P. malariae is endemic to West Africa (3),
South America (15), Asia (16,17), and the western Pacific
region (18,19). Knowledge of genetic variation among isolates from these geographic areas is still lacking. One study
indicated a remarkably low level of sequence diversity at
the msp1 locus in P. malariae from Brazil (20). Similarly, the lack of variation at the dhfr and dhps loci has been
shown for P. malariae from Asia and the western Pacific
region (21,22). These findings suggested that antimalarial
drugs might be imposing selective pressure on the genetic
diversity of P. malariae. The circumsporozoite protein (csp)
gene, which is known to be critical for plasmodia sporozoite motility and hepatocyte invasion (23), has been shown
to be variable in length and is a sequence of the tandemly
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repeated peptide units in P. falciparum (24,25), P. vivax
(26,27), and P. malariae isolates from Central Africa (28).
The vast antigenic variation observed in P. falciparum as
a result of immune selection pressure can influence the capacity of mosquito transmission and the effectiveness of
malaria vaccine (29). In this study, we sought to determine
the prevalence of infection and age distribution of persons
with asymptomatic and symptomatic P. malariae infection
in western Kenya, the genetic affinity between P. malariae
isolates from East Africa and other regions, and the level of
csp gene diversity among P. malariae and the significance
of this diversity.
Scientific and ethical clearance was given by the institutional scientific and ethical review boards of the Kenya
Medical Research Institute and the University of California
Irvine. Written informed consent/assent for study participation was obtained from all consenting heads of households,
parents/guardians (for minors <18 years of age), and each
person who was willing to participate in the study.
Materials and Methods
Study Areas and Participants

During June–August of 2014 and 2015, blood samples
were collected from persons in 4 villages at the Lake Victoria basin (elevation ≈1,000 m) of western Kenya (Figure
1). These villages represent parts of the Lake Victoria area
previously shown by nested and quantitative PCR (qPCR)
methods to have high, stable rates of malaria transmission
and prevalence (10%–40%) among children 5–14 years of
age (30,31).
Community samples were collected from nonfebrile
schoolchildren in 7 public primary schools (70–100 children/school, 2 schools/village except Kombewa). An equal
number of boys and girls 6–15 years of age were randomly
selected from each school. To determine P. malariae prevalence in the adult population, we randomly selected 63
persons (32 male and 31 female) >15 years of age from
18 households in Kombewa. We examined a total of 663
samples from the communities, which provided an estimation of 4% margin of error in parasite prevalence with 0.05
type I error. At the time of sampling, none of these persons
exhibited fever or malaria-related symptoms.
Clinical samples were collected from 113 male and
132 female patients, <1 to 76 years of age, in 3 district hospitals. This sample size provided an estimation of 6% margin of error in parasite prevalence with 0.05 type I error.
These patients had fever or malaria-related signs or symptoms and were determined to be positive for Plasmodium
spp. by microscopy at the time of sampling. Thick and thin
blood smears were prepared for microscopic examination
to determine the Plasmodium species, and ≈50 µL blood
was blotted onto Whatman 3MM filter (Sigma Aldrich, St.
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Louis, MO, USA) papers. Filter papers were air dried and
stored in zip-sealed plastic bags with silica gel absorbent at
room temperature until DNA extraction.
Microscopy and PCR of Plasmodium spp.

We examined slides under microscopes at 100× magnification and counted the number of parasites per 200 leukocytes. A slide was considered negative when no parasites
were observed after counting >100 microscopic fields. At
the time of sample collection, all slides were read by 2 microscopists. If counts were discordant, the slides were examined by a third microscopist. The density of parasitemia
was expressed as the number of asexual parasites per microliter of blood, assuming a leukocyte count of 8,000 cells/
µL, according to World Health Organization guidelines.
We extracted parasite DNA from half of a dried blood
spot by using the Saponin/Chelex method (32). The final
extracted volume was 200 µL. For all samples, nested
amplification of the 18S rRNA gene region of plasmodia
(P. falciparum, P. vivax, P. malariae, and P. ovale) was
used for parasite detection and species identification. As
positive controls for all amplifications, we used DNA
from P. falciparum isolates 7G8 (MR4-MRA-926) and
HB3 (MR4-MRA-155), P. vivax Pakchong (MR4-MRA342G) and Nicaragua (MR4-MRA-340G), P. malariae
(MR4-MRA-179), and P. ovale (MR4-MRA-180). As
negative controls, we used water and noninfected samples
to ensure lack of contamination. Reaction was performed
in a Bio-Rad MyCycler thermal cycler according to the
published protocol (33) (details in online Technical
Appendix 1, https://wwwnc.cdc.gov/EID/article/23/4/161245-Techapp1.pdf).
In addition, the amount of parasite DNA was estimated
by using the SYBR Green (Thermo Scientific, Foster City,
CA, USA) qPCR detection method with Plasmodium species–specific primers that targeted the 18S rRNA genes
(34,35). Reactions were performed in a CFX96 Touch
Real-Time PCR Detection System (Bio-Rad, Foster City,
CA, USA). To confirm specific amplifications of the target
sequence, we performed melting curve analyses for each
amplified sample. To measure reproducibility of the cycle
threshold (Ct), we calculated the mean value and standard
deviations from triplicates in 2 independent assays. The
parasite gene copy number in a sample was quantified according to Ct by using the equation (30) GCNsample = e(E ×
ΔCtsample)
, where GCN stands for gene copy number; ΔCt, the
difference in Ct between the negative control and the sample; e, exponential function; and E, amplification efficiency
(online Technical Appendix 1).
CSP Sequencing and Phylogenetic Analyses

Four internal primers were designed specifically on the
P. malariae csp gene region and used together with the
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published primers (28; online Technical Appendix 1 Table) to unambiguously amplify the 3 segments, the N terminal, the central repeat, and the C-terminal regions of the
csp gene. A total of 37 P. malariae isolates were amplified and sequenced. All resulted sequences were verified
by comparing them with those in the GenBank database
by using BLAST (https://blast.ncbi.nlm.nih.gov/Blast.
cgi). Sequences were translated into protein sequences and
analyzed together with all csp protein sequences available
in GenBank of P. malariae from East Africa (Kenya and
Uganda), West Africa (Cameroon), Central Africa (Côte
d’Ivoire), and South America (Venezuela) and of P. brasilianum from South America (Brazil and Venezuela). It is
noteworthy that although P. malariae and P. brasilianum
coexist in Brazil, no csp sequence for P. malariae is available. Because of the potential for alignment errors associated with gaps in the nucleotide sequences, we used translated amino acid sequences with unambiguous indels in
phylogenetic analyses. Sequence diversity, including measures of evolutionary distances and average pairwise divergence, were estimated and compared among geographic
regions (online Technical Appendix 1).
Statistical Analyses

A 1-tailed t-test was used to test for the significance of differences in parasite gene copy number between P. malariae

from symptomatic and asymptomatic patients and between
P. malariae and P. falciparum in co-infected samples. In
addition, we calculated the Pearson correlation coefficient
(r2) for parasite gene copy number and age by using R
(https://www.r-project.org/).
Results
P. malariae Prevalence and Patient Age Distribution

Among the 663 samples from asymptomatic persons, P.
malariae was detected by PCR in 35 (5.3% prevalence).
Among these, 29 were mixed infections (with P. falciparum) and 6 were P. malariae monoinfections (Figure 1;
Table 1). P. malariae was found to be most prevalent in
Kombewa (14.3%, 19/133 cases), followed by Kendu Bay
(5.3%, 8/150 cases). Prevalence of P. falciparum prevalence was relatively high at these 2 sites (44% and 59%,
respectively; Table 1). In Kombewa, 13 of 19 P. malariae
cases were detected in younger persons (<15 years of age),
which was significantly higher than the number of cases
detected in older persons (6 cases, p = 0.04; Table 1). Although such a comparison between age groups cannot be
made for the other sites, a similar pattern was observed for
symptomatic patients.
Among the 245 samples from symptomatic patients,
8 (3.3%) P. malariae cases were detected; 6 were mixed

Figure 1. Location of sites in western Kenya for study of Plasmodium malariae prevalence and circumsporozoite protein gene diversity,
Kenya, 2014 and 2015. Prevalence (logarithmic vertical scales) of P. falciparum monoinfections (PF), P. malariae monoinfections (PM),
and P. falciparum and P. malariae co-infections (PF+PM) are shown for each study site.
Emerging Infectious Diseases • www.cdc.gov/eid • Vol. 23, No.4, April 2017
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Table 1. Prevalence of Plasmodium malariae and P. falciparum among asymptomatic persons in the community, Kenya, June–August
2014 and 2015*
No. (%) infections
Site, patient age, y
No. tested
Total
P. malariae
P. falciparum
Mixed†
Kombewa
<15
63
41 (65.1)
0
28 (44.4)
13 (20.6)
>15
70
35 (50)
2 (2.9)
29 (41.4)
4 (5.7)
Chulaimbo
<15
190
76 (40)
2 (1.1)
71 (37.4)
3 (1.6)
Kendu Bay
<15
150
97 (64.7)
0
89 (59.3)
8 (6)
Port Victoria
<15
190
57 (30)
2 (1.1)
54 (28.4)
1 (0.5)
Total
663
306 (46.2)
6 (0.9)
271 (40.9)
29 (4.4)
*According to nested PCR of the 18S rRNA gene.
†P. malariae and P. falciparum.

infections with P. falciparum and 2 were P. malariae
monoinfections (Table 2). When the samples were stratified by patient age, all P. malariae infections in symptomatic persons were in infants or very young children of <5
years of age (8/135, 5.9% infection rate). Although P. falciparum infection was highest among patients >5 to <15
years of age, no P. malariae was detected in persons in
this and older age groups despite smaller samples in these
groups. No significant difference was detected between
male and female patients.
Comparisons of Diagnostic Approaches
and Parasitemia

Compared with microscopy, nested PCR revealed a significantly higher number of P. malariae infections in the
community (Table 3). All samples that were P. malariae
positive by microscopy were identified as positive by PCR
and qPCR. Across the study sites, nested PCR–based prevalence ranged from 0 to 12.2% (average 4.8%), >2-fold
higher than by microscopy (0 to 3.8%, average 1.9%; Table
3). The discrepancy between the 2 methods was also reflected by the difference in P. falciparum prevalence; 10%

more positive infections were detected by nested PCR than
by microscopy. Nevertheless, such a discrepancy was not
as substantial as that for P. malariae.
Although the number of P. malariae–positive clinical
samples detected in this study was low, these samples indicated an overlapping range of parasite gene copy number
(geometric mean 6.4 × 101/µL, range 4.3 × 101 to 1.2 × 103/
µL; Figure 2) with that of the samples from asymptomatic
persons (geometric mean 4.8×101/µL, range 0.5 ×101 to 9.4
×102/µL) without differing significantly (p>0.05). Similar
results were observed in the level of P. malariae parasitemia, for which samples from symptomatic and asymptomatic persons did not differ significantly (Figure 2). Parasite
gene copy number and P. malariae parasitemia were significantly positively correlated with each other (r2 = 0.77,
p<0.01; online Technical Appendix 1 Figure 1).
Parasite gene copy number and parasitemia for P. falciparum were generally higher than those for P. malariae
(Figure 3, panel A). Among the 35 mixed infections, 28
(80%) gene copy numbers were higher for P. falciparum
than for P. malariae (online Technical Appendix 1 Figure 2).
Among these samples overall, the amount of P. falciparum

Table 2. Prevalence of Plasmodium malariae and P. falciparum among symptomatic persons, Kenya, June–August 2014 and 2015*
No. (%) infections
Site, patient age, y
No. tested
Total
P. malariae
P. falciparum
Mixed†
Chulaimbo
<5
27
18 (66.7)
2 (7.4)
15 (55.6)
0
>5 to <15
4
3 (75)
0
3 (75)
0
>15
13
3 (23.1)
0
3 (23.1)
0
Kendu Bay
<5
44
38 (86.4)
0
35 (79.5)
3 (6.8)
>5 to <15
34
31 (91.2)
0
31 (91.2)
0
>15
24
23 (95.8)
0
23 (95.8)
0
Port Victoria
≤5
64
54 (84.4)
0
51 (79.7)
3 (4.7)
>5 to <15
22
20 (90.9)
0
20 (90.9)
0
>15
13
9 (69.2)
0
9 (69.2)
0
Total
<5
135
110 (81.5)
2 (1.5)
101 (74.8)
6 (4.4)
>5 to <15
60
54 (90)
0
54 (90)
0
>15
50
35 (70)
0
35 (70)
0
*According to nested PCR of the 18S rRNA gene.
†P. malariae and P. falciparum.
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Table 3. Methods used to diagnose Plasmodium infections in asymptomatic populations, Kenya, June–August 2014 and 2015*
No. (%) infections
No.
Site, method
tested
Total
P. falciparum
P. vivax
P. malariae
P. ovale
P. falciparum/malariae
Kombewa
Microscopy
133
54 (41.2)
49 (37.4)
0
0
0
5 (3.8)
PCR
133
70 (53.4)
54 (41.2)
0
0
0
16 (12.2)
Chulaimbo
Microscopy
190
46 (24.2)
42 (22.1)
0
1 (0.5)
0
3 (1.6)
PCR
190
76 (40.1)
71 (37.4)
0
2 (1.1)
0
3 (1.6)
Kendu Bay
Microscopy
150
78 (52)
75 (50)
0
0
0
3 (2)
PCR
150
97 (64.6)
89 (59.3)
0
0
0
8 (5.3)
Port Victoria
Microscopy
190
36 (18.5)
35 (18.5)
0
0
0
1 (0.5)
PCR
190
57 (30)
54 (28.4)
0
2 (1.1)
0
1 (0.5)
All sites
Microscopy
663
214 (32.4)
201 (30.4)
0
1 (0.2)
0
12 (1.8)
PCR
663
300 (45.4)
268 (40.5)
0
4 (0.6)
0
28 (4.2)

DNA (geometric mean 1.6 × 102/µL, range 1 × 101 to 5.5×
103/µL) was significantly higher than the amount of P. malariae DNA (geometric mean 4.7 × 101/µL, range 0.4 × 101
to 1.1 × 103/µL; p = 0.003), consistent with the difference in
parasitemia according to microscopy (P. malariae geometric mean 3.2 × 102 parasites/µL vs. P. falciparum geometric
mean 1.1 × 103 parasites/µL; online Technical Appendix 1
Figure 2).
When all P. malariae samples were pooled, the parasite gene copy number did not correlate significantly with
patient age (r2 = 0.07; online Technical Appendix 1 Figure

Figure 2. Parasite gene copy numbers (per microliter) detected
by SYBR Green (Thermo Scientific, Foster City, CA, USA)
quantitative PCR and parasitemia (parasites per microliter)
determined by microscopy of Plasmodium malariae samples
from asymptomatic and symptomatic persons. Median, first
quartile, and fourth quartile of the data are shown for each
sample category (horizontal lines). No significant difference was
observed between asymptomatic and symptomatic persons in
terms of P. malariae parasite gene copy number and parasitemia.
Squares represent samples with gene copy number measured by
quantitative PCR; circles, samples with parasitemia estimated by
microscopy; closed squares and circles, P. malariae samples from
asymptomatic persons; open squares and circles, P. malariae
samples from symptomatic patients. NS, not significant.

3). Neither P. malariae prevalence rate nor parasite gene
copy number differed significantly according to patient sex.
Genetic Relatedness and csp Divergence
of P. malariae

The csp alignment comprised 530 aa, of which 34 (6.4%)
were polymorphic among the studied parasites of different
taxa (online Technical Appendix 2, https://wwwnc.cdc.
gov/EID/article/23/4/16-1245-Techapp2.pdf). To avoid
polymorphism caused by PCR error, we sequenced each
isolate at least twice in both directions. Substantial length
variation was observed in the central repeat region, where
the number of NAAGn (the repeat codon unit in which n denotes the number of repeats) in P. malariae ranged from 49
to 85 units. These tandem repeats could be rapidly evolving

Figure 3. Plasmodium malariae and P. falciparum parasite gene
copy numbers (per microliter) and parasitemia (parasites per
microliter) in co-infected samples. Median, first quartile, and
fourth quartile of the data are shown for each sample category
(horizontal lines). Parasite gene copy number and parasitemia
were lower in P. malariae–positive than in P. falciparum–positive
samples. Squares represent samples with gene copy number
measured by quantitative PCR; circles, samples with parasitemia
estimated by microscopy; red, P. malariae samples; blue, P.
falciparum samples.
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through a different mechanism and may influence genetic
relationships among the samples. To examine such effect,
we constructed phylogenetic trees with 2 sets of data: the
entire sequence (530 aa) and partial sequences without the
central repeat region (225 aa).
Maximum-likelihood analyses of the entire csp gene
showed a clear distinction between isolates from South
America and those from the other geographic regions
(Figure 4, panel A). P. brasilianum and P. malariae from
Venezuela formed a monophyletic group (bootstrap >95%)
closely associated with P. brasilianum from Brazil. Sequences of P. malariae from Venezuela were almost identical to those of P. brasilianum from the same area. Closely
related to the clade from South America was a large monophyletic group that contained P. malariae from East, Central, and West Africa and from China (bootstrap >90%).
The isolates from these regions were divided into 2 subclades: I and II (Figure 4, panel A). Subclade I comprised
a mix of P. malariae isolates from Kenya, Cameroon, and
Côte d’Ivoire. Subclade II comprised a mix of P. malariae
isolates from Kenya, Cameroon, Uganda, and China. Sequences without the central repeat region indicated consistently the distinctiveness between P. brasilianum from
Brazil and P. malariae, but the P. malariae samples from
different geographic regions were poorly resolved (Figure

4, panel B). The P. malariae isolate from China was nested
within the African subclade, suggestive of an African origin (Figure 4, panel C). No clear microgeographic structure
was detected, although sample size at the population level
was small.
Among the 3 geographic regions, the level of csp sequence divergence in P. malariae was higher in isolates
from East Africa than from West Africa, as reflected by
a higher number of polymorphic sites and a greater extent of csp length variation despite difference in sample
size (Figure 5, panels A and B). These variations were
located at the 3′ N terminal through the central repeat region, where the largest degree of mismatch was observed
(Figure 5, panel B). To the contrary, the level of sequence
polymorphism was lowest in isolates from South America
(Figure 5, panel A), but the greatest range of difference
in tandem repeat units where remarkable mismatch was
observed was toward the end of the central region. Despite the small sample size, the number of tandem repeats
was generally lower in P. brasilianum than P. malariae
(Figure 5, panel C).
Discussion
In Kenya, areas along the shoreline of Lake Victoria and
coastal regions are malaria hot spots, where intense and stable

Figure 4. Maximum-likelihood
analyses of circumsporozoite protein
gene (csp) sequences of Plasmodium
malariae and distribution of the
samples. A) Phylogenetic tree based
on maximum-likelihood analyses of
the entire csp amino acid sequences
of P. malariae isolates from different
geographic regions, shown by
different colors. Asterisks denote
clade with >90% bootstrap support.
Sequences of P. malariae from
Venezuela (red squares) were almost
identical to those of P. brasilianum
(red circles) from the same area.
These samples were genetically
closely related with P. brasilianum
from Brazil (violet circles) but distant
from P. malariae from East and West
Africa. The samples from Africa were
subdivided into 2 subclades, I and
II. Subclade I comprised a mix of P.
malariae isolates from Kenya (dark
blue squares), Cameroon (yellow
squares), and Côte d’ Ivoire (orange
squares). Subclade II comprised
a mix of P. malariae isolates from
Kenya, Cameroon, Uganda (light
blue squares), and China (green squares). B) Maximum-likelihood analyses of partial csp amino acid sequences without the central
repeat region. P. brasilianum from Brazil was distant from P. malariae, but relationships among the P. malariae samples from different
geographic areas were not well resolved. C) Locations of samples included in the analyses. Arrow indicates the possible African origin of
P. malariae from China. Scale bars indicate length of phylogenetic tree. *Bootstrap value >90%.
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plasmodia transmission occurs throughout the year (31). For
achieving the ultimate goal of eliminating malaria in Kenya,
existing control programs that primarily target P. falciparum
are inadequate. The use of rapid diagnostic tests or microscopy as first-line diagnostic methods can lead to gross underestimation of the actual prevalence of P. malariae (4–6).
Our findings indicated that P. malariae accounted for ≈3%
of clinical cases and ≈5% of asymptomatic infections in this
malaria-endemic region. The prevalence of asymptomatic P.
malariae infections was comparable to that recently reported
for nearby islands of Lake Victoria (1.7%–3.96%) on the
basis of PCR (36,37). These asymptomatic P. malariae infections are concerning because they are parasite reservoirs
that can sustain long-term transmission. For instance, in the
Colombian Amazon region, P. malariae was thought to account for <1% of all malaria infections (38,39); however, a
recent study revealed that 43.6% (294/675) of clinical cases
were caused by P. malariae (10) and suggested that these
parasites have been circulating in the community undetected.
Underestimation or lack of awareness of its occurrence could
thus lead to increased transmission. The infectiousness of P.
malariae for Anopheles mosquitoes in malaria-endemic areas remains unclear and merits further investigation.
We found that P. malariae infections were more common among infants and children than adults. A similar pattern has been found for Senegal, West Africa, where 91%
(265/290 cases) of clinical P. malariae cases occurred in
children <15 years of age and the mean incidence density
was highest for those 5–9 years of age (3). These findings
indicate that children are vulnerable to P. malariae infection

and contrast with those reported for Papua, Indonesia, where
P. malariae infection was higher among older (median 21
years of age) than younger persons (9). It is possible that
our study sites in western Kenya, as well as in West Africa,
are high-transmission areas where P. falciparum malaria
prevalence can be ≈60% during the rainy season (30,40).
Cumulative exposure to the parasites over time may enable
gradual acquisition of immunity in adults. Nevertheless, our
community samples were mostly obtained from schoolchildren 6–15 years of age. Underrepresentation of adult populations may underestimate the overall malaria prevalence in
the study area. Although young children are more vulnerable to P. malariae infections, the level of P. malariae parasitemia does not seem to be associated with age. Chronic
nephrotic syndromes attributed to P. malariae have been
reported (41,42) and shown to be associated with significant
illness from anemia in young children (8,9). However, the
lack of hematologic data from our study participants limits
further investigation.
Our data indicate that ≈50% of P. malariae–positive
samples detected by PCR were undetected by microscopy.
Such a low sensitivity of microscopy could be attributed to
a significantly lower P. malariae than P. falciparum parasitemia, according to qPCRs. Because most P. malariae–positive samples had mixed infections, microscopists could have
recorded only the dominant P. falciparum and overlooked
the sparse P. malariae trophozoites. Also, the ring forms of
P. falciparum and P. malariae are morphologically more
similar to each other than to P. vivax and P. ovale (43). Misdiagnosis of parasite species by microscopy is possible (8).

Figure 5. Comparison of circumsporozoite protein (csp) gene sequence divergence among Plasmodium isolates from different
geographic regions. A) Pairwise genetic distance plot of all amino acid positions of the csp gene. The matrix-normalized distances based
on the standard point accepted mutation (Dayhoff–PAM) model that account for the probability of change from 1 amino acid to another
were calculated. Samples were analyzed as a whole and partitioned by geographic regions as indicated by colors. B) Dot plot showing
matching scores, a proxy of sequence similarity, between pairwise samples calculated based on the standard Dayhoff–PAM matrix. The
greatest mismatch was detected at amino acid positions 110–310, representing the 3′ N terminal through the central repeat regions.
C) Variation in the number of tandem repeats in the central region of the csp gene. The greatest length variation was observed in the
isolates from South America despite the fact that both P. malariae (PM) and P. brasilianum (PB) were included. P. malariae from East
Africa was more variable in the number of repeats than isolates from Central/West Africa, despite difference in sample size. Median,
first quartile, and fourth quartile of the data are shown for each sample category (horizontal lines). Red represents samples from South
America; yellow, Central/West Africa; blue, East Africa. Circles represent P. brasilianum; squares, P. malariae.
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In Africa, the standard treatment for P. malariae
monoinfection is chloroquine, and for P. falciparum and
mixed plasmodial infections it is artemisinin combination
therapy (31). The combination treatment regime should
cure P. malariae infections even in cases of misdiagnosis.
However, P. malariae increases production of P. falciparum gametocytes in mixed infections, and these gametocytes can persist without proper antimalarial treatment
or monitoring (44). Therefore, we highlight the need for
sensitive methods to improve P. malariae diagnosis and
provide accurate epidemiologic data for specific and effective management guidelines. Although PCR is a better diagnostic method, it uses a relatively small amount of blood
from filter papers and could still underestimate P. malariae
infections in samples with exceptionally low levels of parasitemia. More accurate prevalence data may be obtained
from ultrasensitive PCR that targets multicopy regions of
the parasite genome (45) or reverse transcription PCR of
parasite RNA extracted from whole blood (46).
Sequences of the csp gene were shown to be highly
polymorphic among P. malariae isolates from western
Kenya. The most polymorphic region was in the central
repeat region, where mutations and length differences
were detected (24,28). Among the isolates from different geographic areas, P. malariae from East and Central/
West Africa were genetically closely related and exhibited
a comparable level of sequence variation. This variation
could be attributed to positive selection, frequent recombination, and gene flow among the parasites, as follows.
First, compared with msp1, dhfr, and dhps of P. malariae
(20–22), the csp gene revealed a remarkably higher level
of sequence diversity. It is possible that selection of csp
genetic variants may confer immunogenic advantages to
the pathogen during host invasion (28,47). Second, intense
transmission and large vector populations in our study
area might enhance frequent heterologous recombination
of the parasite genome during reproduction in the mosquitoes and increase genetic diversity within populations
(24,25). Third, recurrent gene flow between the parasite
populations across countries, via human migration or dispersal of vector mosquitoes, promotes the spread of these
genetic variants, leading to a lack of differentiation according to geographic region. Future study using other variable
markers, such as microsatellites, on expanded population
samples could validate our findings.
In summary, underestimation of the actual prevalence of asymptomatic infections hinders progress toward
malaria elimination in Africa. The low parasitemia of P.
malariae infections influences diagnostic sensitivity by microscopy. A more sensitive tool is needed to identify asymptomatic P. malariae and to improve control strategies,
particularly among infants and children who are vulnerable
to P. malariae infection.
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Presence and Persistence of
Zika Virus RNA in Semen,
United Kingdom, 2016
Barry Atkinson, Fiona Thorburn, Christina Petridou, Daniel Bailey, Roger Hewson,
Andrew J.H. Simpson, Timothy J.G. Brooks, Emma J. Aarons
Zika virus RNA has been detected in semen collected several months after onset of symptoms of infection. Given
the potential for sexual transmission of Zika virus and for
serious fetal abnormalities resulting from infection during
pregnancy, information regarding the persistence of Zika
virus in semen is critical for advancing our understanding of
potential risks. We tested serial semen samples from symptomatic male patients in the United Kingdom who had a diagnosis of imported Zika virus infection. Among the initial
semen samples from 23 patients, Zika virus RNA was detected at high levels in 13 (56.5%) and was not detected in
9 (39.1%); detection was indeterminate in 1 sample (4.4%).
After symptomatic infection, a substantial proportion of men
have detectable Zika virus RNA at high copy numbers in
semen during early convalescence, suggesting high risk for
sexual transmission. Viral RNA clearance times are not consistent and can be prolonged.

Z

ika virus is an emerging flavivirus currently causing a
major outbreak of human disease in the Americas, the
Caribbean, and Western Pacific regions; 71 countries and
territories have reported mosquitoborne transmission since
2015 (1). Human infection can be subclinical (2). Symptomatic infection usually causes a mild, self-limiting illness
accompanied by rash, fever, arthralgia, and myalgia (2–5).
However, international scientific consensus holds that Zika
virus infection is a cause of 2 severe clinical sequelae recognized recently: Guillain-Barré syndrome and congenital
neurologic abnormalities, including microcephaly (6). The
risk for adverse obstetric outcome after maternal infection
during pregnancy is currently unknown, but the risk for microcephaly attributable to Zika virus infection in the first
trimester has been estimated to be 0.88%–13.2% (7).
Zika virus is primarily mosquitoborne, but sexual
transmission has also been described (8–14). To date, 12
Author affiliations: Public Health England, Porton Down, UK
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countries have reported nonvectorborne transmission (1),
usually sexual transmission from men after symptomatic
infection, although transmission after asymptomatic infection also has been described (15,16). Sexual transmission
is a major concern for pregnant women and couples considering pregnancy because of the risk for adverse fetal
sequelae. Information on Zika virus persistence in semen
is required to inform public health guidance for the prevention of sexual transmission. With few exceptions (17,18),
published data are mostly limited to individual case reports,
and few publications report isolation of infectious Zika virus from semen. However, Zika virus RNA has been detected in semen up to 6 months after onset of symptoms
(19,20). This potential for prolonged onward transmission
warrants further investigation. We describe the analysis of
serial semen samples from 23 symptomatic Zika virus–infected male travelers to determine the presence and persistence of Zika virus RNA.
Methods
Testing of Diagnostic Samples

We diagnosed possible imported Zika virus infection in patients by using a real-time reverse transcription PCR (rRTPCR) assay based on a published method targeting the
nonstructural protein 1 (NS1) gene (21) and a commercial
serologic assay (EUROIMMUN AG, Lübeck, Germany).
(We diagnosed infection in patient 1 by using a different
rRT-PCR assay [22]). We performed viral RNA extraction
on the EZ1 platform by using the EZ1 Virus Mini Kit with
Buffer AVL (QIAGEN, Valencia, CA, USA) inactivated
samples. We also tested all patients for other pathogens,
such as chikungunya and dengue viruses, by using published molecular and commercial serologic assays. The
preferred sample type was serum or plasma, but published
testing guidance specifically called for urine samples from
pregnant women and male partners of pregnant women.
Testing of Semen Samples

We offered a Zika virus RNA semen testing service to
adult male patients with diagnosed Zika virus infection. If
Zika virus RNA was detected, we offered testing of serial
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samples. We advised that samples be collected in sterile
pots and transported at ambient temperature. We analyzed
the samples by using the RNA extraction and rRT-PCR
testing procedures described here, without modification.
Results
Since December 2013, nearly 2,500 Zika virus diagnostic
molecular detection tests have been performed on travelers
returning to the United Kingdom with possible Zika virus
infection. As of October 5, 2016, a total of 116 persons, 55
of whom were males, had detectable Zika virus RNA in
serum, plasma, or urine (23). Sixteen male patients (29.1%)
submitted >1 semen sample (patients 1–16). In addition,
7 patients (patients 17–23) submitted semen samples after
serologic diagnoses (i.e., detection of Zika virus IgM and
IgG in serum but without detection of Zika virus RNA).
All patients had recently traveled from the Americas
or Caribbean, except patient 1, who acquired Zika virus infection in the South Pacific in 2014. All patients reported a
self-limiting, mild illness with fever and/or rash consistent
with Zika virus infection (online Technical Appendix Tables 1 and 2, https://wwwnc.cdc.gov/EID/article/23/4/161692-Techapp1.pdf). None reported hematospermia.
We detected Zika virus RNA in >1 semen sample from
10 (62.5%) of the 16 patients with rRT-PCR–diagnosed
infection and from 2 (28.6%) of the 7 patients with serologically diagnosed infection. For the 10 patients who had
a positive initial blood or urine sample and a subsequent
positive semen sample, the median cycle threshold (Ct) value was significantly lower for semen samples (Ct 27.3) than

for acute-phase diagnostic serum, plasma, or urine samples
(Ct 34.1; p = 0.01 by sign test).
Further semen samples were provided by 8 of the 12
Zika virus–positive patients (Figure). A series of samples
sufficient to demonstrate seminal clearance of Zika virus
RNA was available for 4 patients (2,5,9,10). Patient 5
demonstrated the longest time to clearance (from day 92
to day 131). For other patients from whom additional positive semen samples were received, Ct values increased
consistently over time (i.e., genome copy number fell).
The day 167 semen sample of patient 8 repeatedly demonstrated a subthreshold curve in the rRT-PCR test, suggesting evidence of Zika virus RNA at the assay detection
limit. This patient was taking immunosuppressive drug
therapy when infected (disease-modifying antirheumatic
drugs [discontinued after his diagnoses with Zika virus infection] and oral steroids). No other patients were known
to have immunosuppression.
Zika virus RNA was undetectable in semen samples
from 5 of the 16 patients with rRT-PCR–diagnosed infection (31.3%); results were indeterminate (subthreshold) for
1 patient (6.3%). All 6 patients subsequently seroconverted
for Zika virus IgG (data not shown). The indeterminate result
occurred in the only patient who had undergone a vasectomy
(day 16 sample). Zika virus RNA was also undetectable in
the semen of 5 (71.4%) of the 7 patients with serologically
diagnosed infection. Although Zika virus infection was not
definitively confirmed by molecular testing in any of these
5 patients, laboratory tests excluded recent chikungunya or
dengue infection (online Technical Appendix Table 2).

Figure. Cycle threshold (Ct) values of semen samples analyzed to determine presence and persistence of Zika virus RNA in semen,
United Kingdom, 2016. All references to days indicate days after onset of symptoms. The dotted line represents the limit of detection
for the assay. The lines represent implied decay rates based on longitudinal data; however, they should not be used to infer exact data
between analyzed samples. In particular, the point at which viral RNA became undetected cannot be accurately inferred from the curves
for patients 5, 8, 9, and 10. Patient 6 had a previous vasectomy, and patient 8 was receiving immunosuppressive drug therapy at the
time of sampling. IND, indeterminate; NA, not available.
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Of the 15 patients with rRT-PCR–confirmed infection
in whom previous dengue serostatus could be assessed at
the time of their initial Zika virus diagnosis (because no
potentially cross-reactive Zika virus IgG was detectable at
that time), only 3 had serologic evidence of previous dengue virus infection. Two of these patients (patients 3 and 6)
did not have Zika virus RNA in subsequent semen samples
(online Technical Appendix Table 1).
We attempted isolation of viable virus from all initial
positive semen samples, with 1 successful isolation (day
13 sample from patient 7, Ct 24). We attempted virus isolation in Vero and C6/36 cells; we observed propagation
only in C6/36 cells for the original sample, although C6/36
infected supernatant was capable of infecting Vero cells
and produced a cytopathic effect. We deposited the complete genome for this isolate in GenBank (accession no.
KX673530) (24).
Discussion
Although persistence of Zika virus in serum and plasma appears to be transient, our data show that Zika virus RNA is
frequently detectable in semen for several weeks to months
after recovery from symptomatic infection. Zika virus
RNA persistence in semen is not consistent; 10 (43.5%)
of the 23 patients we tested lacked detectable Zika virus
RNA in semen on the first sample (all but 1 tested within
28 days after symptom onset). Our detection of Zika virus RNA in early semen samples from 12 (52.2%) of 23
infected patients is similar to the detection of viral RNA
in 50% of case-patients in small-number Belgian (17) and
French (18) series.
We observed no obvious differences in terms of age,
travel history, or symptoms between the patients with and
without Zika virus RNA in our series, although detailed
clinical information about ethnic origin, symptom severity or duration, and laboratory parameters, such as platelet count or C-reactive protein, were not collected. Sample
degradation probably could not explain the negative results
because the time from sample collection to testing was
shorter on average for negative samples than for samples
yielding positive results (data not shown).
One patient with an indeterminate rRT-PCR result for
his initial (day 16) semen sample was reported to have had
a vasectomy; ongoing viral replication might have been
occurring in the urogenital tract. A recent publication reported Zika virus RNA in the ejaculate of a vasectomized
man 96 days after onset of symptoms in addition to infectious virus cultured at 69 days (25), suggesting that previous vasectomy does not necessarily preclude the possibility
of viral RNA or infectious virions in the semen.
It has been hypothesized that previous dengue infection
might drive greater Zika virus replication through the mechanism of antibody-dependent enhancement; this process has

been observed in vitro (26,27). However, our data indicate
that this process cannot be invoked as a potential sole explanation for seeding of infection in the urogenital tract; among
the 9 patients with Zika virus RNA in their semen for whom
dengue serostatus at the time of Zika virus infection could
be determined, only 1 (patient 10) had serologic evidence of
previous dengue virus infection. Our data are insufficient to
allow speculation as to whether an altered immune response
associated with previous dengue infection might protect
against viral replication in the male urogenital tract.
Among the 12 patients in whom Zika virus RNA was
detected in semen, all samples obtained within 28 days of
symptom onset had Ct values <30, indicative of high genome copy number. This observation is concordant with
other reports (9,12,17,19,28–31) and suggests that the risk
for sexual transmission is particularly high in the first few
weeks after infection.
The specimens analyzed in this report were provided
at the discretion of the patients, and the data are subject to
limitations. Monitoring was inconsistent, and patients were
lost to follow-up. Clearance of Zika virus RNA from semen
was demonstrated for only 4 patients. In all other patients
from whom serial Zika virus RNA–positive semen samples
were received, the Ct value increased over time, consistent
with a fall in genome copy number, as has been observed
previously (12,17,30,32). The patient with an indeterminate
(subthreshold) result at 167 days (patient 8) was receiving
immunosuppressive therapy. Because Zika virus is the only
known arbovirus with evidence for human sexual transmission, we cannot compare the persistence of Zika virus RNA
or infectious virions in semen to similar viruses. Although
the presence of Zika virus in semen is presumed to be attributable to viral replication at an immunoprivileged site
within the urogenital tract, the cell type in which replication occurs is not currently known. In a mouse model, viral
RNA was detected in the testes, in spermatogonia, primary
spermatocytes, and Sertoli cells (33)
Detection of Zika virus RNA in semen samples does
not necessarily indicate the presence of infectious virus.
We attempted in vitro isolation from all positive samples;
only 1 sample (day 13 sample from patient 7, Ct 24) yielded replicating virus. Isolation from samples with similar
Ct values was unsuccessful, highlighting the inconsistency
for this technique at present. The inability to isolate virus
cannot be taken to indicate the absence of infectious virus
until more is known about the intricacies of virus isolation from semen. Although we have been unable to isolate
virus in tissue culture consistently from semen samples, it
is striking that all recognized transmission events to date
have occurred relatively soon after infection in the male
index patient (8–13,34). The longest published interval for
sexual transmission after symptom onset is 32–41 days
(14). Even if methodology for reliably isolating Zika virus
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from semen samples is established, it will be difficult to
determine whether semen samples with Zika virus RNA
detected at lower copy numbers contain infectious virions.
The current World Health Organization (WHO) guidelines advise that male and female travelers should adopt
safer sex practices or consider abstinence to reduce the risk
for sexual transmission for 6 months after leaving a country with ongoing Zika virus transmission (35). This recommendation was a conservative estimate for symptomatic
men given the maximum reported persistence of Zika virus
RNA in semen (62 days) at the time the WHO guidelines
were issued (May 2016). Our data, together with other recent case reports (12,18–20,25,32,36), show that Zika virus RNA is sometimes detectable beyond 62 days, with the
maximum period of RNA detection observed to date being
approximately 6 months (20). However, our understanding
of the dynamics for virus or viral RNA clearance are still
nascent, and further data are required to assess the validity
of current recommendations.
Currently, we lack knowledge of viral persistence in
semen. More data, especially from larger systematic studies, are urgently needed to support evidence-based policies
to prevent sexual transmission of Zika virus. In the meantime, testing of semen from symptomatic men >8 weeks
after leaving a Zika-affected area, as suggested by WHO
(35), might be valuable for assessing individual risk and for
contributing to global data.
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EID SPOTLIGHT TOPIC

Zika virus

Zika virus is spread to people
through mosquito bites.
Outbreaks of Zika have occurred
in areas of Africa, Southeast
Asia, the Pacific Islands, and
the Americas. Because the
Aedes species of mosquitoes
that spread Zika virus are found
throughout the world, it is likely
that outbreaks will spread to new
countries. In May 2015, the Pan
American Health Organization
issued an alert regarding the first
confirmed Zika virus infection in
Brazil. In December 2015, Puerto
Rico reported its first confirmed
Zika virus case.
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Three Divergent Subpopulations
of the Malaria Parasite
Plasmodium knowlesi
Paul C.S. Divis, Lee C. Lin, Jeffrine J. Rovie-Ryan, Khamisah A. Kadir, Fread Anderios,
Shamilah Hisam, Reuben S.K. Sharma, Balbir Singh, David J. Conway

Multilocus microsatellite genotyping of Plasmodium knowlesi isolates previously indicated 2 divergent parasite subpopulations in humans on the island of Borneo, each associated
with a different macaque reservoir host species. Geographic
divergence was also apparent, and independent sequence
data have indicated particularly deep divergence between
parasites from mainland Southeast Asia and Borneo. To resolve the overall population structure, multilocus microsatellite genotyping was conducted on a new sample of 182 P.
knowlesi infections (obtained from 134 humans and 48 wild
macaques) from diverse areas of Malaysia, first analyzed
separately and then in combination with previous data. All
analyses confirmed 2 divergent clusters of human cases in
Malaysian Borneo, associated with long-tailed macaques
and pig-tailed macaques, and a third cluster in humans
and most macaques in peninsular Malaysia. High levels of
pairwise divergence between each of these sympatric and
allopatric subpopulations have implications for the epidemiology and control of this zoonotic species.

lasmodium knowlesi is a zoonotic malaria parasite
that has only recently been recognized as a notable
cause of malaria (1). Although cases have now been seen
in most countries in Southeast Asia, the largest numbers
have been reported in Malaysia (1–4). The extent to which
this is a result of varying efforts in diagnosis is unclear, as
specific molecular identification is required to discriminate
P. knowlesi from other malaria parasite species. Moreover,
although most reports are of cases presenting with clinical
symptoms, asymptomatic infections may also occur (5).

P

Author affiliations: Malaria Research Centre, Universiti Malaysia
Sarawak, Kota Samarahan, Sarawak, Malaysia (P.C.S. Divis,
K.A. Kadir, B. Singh, D.J. Conway); London School of Hygiene
and Tropical Medicine, London, United Kingdom (P.C.S. Divis,
D.J. Conway); Universiti Putra Malaysia, Serdang, Malaysia
(L.C. Lin, R.S.K. Sharma); Department of Wildlife and National
Parks Peninsular Malaysia, Kuala Lumpur, Malaysia
(J.J. Rovie-Ryan); Sabah State Public Health Laboratory, Kota
Kinabalu, Malaysia (F. Anderios); Institute for Medical Research,
Kuala Lumpur (S. Hisam)
DOI: http://dx.doi.org/10.3201/eid2304.161738
616

The Plasmodium knowlesi parasite is transmitted by
mosquitoes to humans from monkey reservoir hosts, with
different Anopheles species of the Leucosphyrus group having been incriminated as potential vectors in different areas
(1,6). Two macaque species, the long-tailed macaque (Macaca fascicularis) and the pig-tailed macaque (M. nemestrina), are the major reservoirs of infection (7,8). Human
infections in Malaysian Borneo, the portion of Malaysia
on the island of Borneo, have divergent genetic subpopulations that are seen in the different macaque species locally,
indicating that 2 independent zoonoses may be occurring
sympatrically (9). Noticeable geographic differentiation of
parasites between Malaysian Borneo and peninsular Malaysia was also evident in microsatellite analysis; separate
studies have revealed divergence between the 2 regions at
unlinked genes encoding the normocyte binding protein
(10–12) and the Duffy binding protein (13,14), as well as
the 18S rRNA and mitochondrial cytochrome oxidase subunit 1 (15). Whole-genome sequencing has confirmed the
presence of 2 divergent subpopulations of P. knowlesi in
Malaysian Borneo and revealed a third divergent cluster
of laboratory isolates maintained in laboratories since the
1960s; most of these were recorded to have originated from
peninsular Malaysia (16).
To resolve the population structure in relation to host
species and geography, a new collection of 182 P. knowlesi
infection samples from humans and wild macaques living
in diverse areas of Malaysia was genotyped at 10 microsatellite loci. We first analyzed the new dataset separately and
then analyzed a combined dataset incorporating previous
multilocus microsatellite data, using several independent
and complementary statistical approaches to identify genetic substructure. All analyses revealed that 2 divergent
genetic subpopulations of human cases occur sympatrically in Malaysian Borneo, detected separately in long-tailed
macaques and pig-tailed macaques in the same region,
whereas a third divergent genetic subpopulation occurs in
humans and most macaques in peninsular Malaysia. This
parasite species has undergone different sympatric and allopatric processes of divergence, which will affect its future
adaptation to a changing environmental landscape. Current
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differences between the subpopulations need to be recognized in clinical and epidemiologic studies.
Materials and Methods
Study Sites and DNA Samples

We obtained blood samples infected with P. knowlesi from
human clinical cases at 7 sites and from macaque hosts at 8
sites across Malaysia (Figure 1). We extracted DNA from
anticoagulated venous blood samples or dried blood spots,
and tested the DNA for the presence of different malaria
parasite species by species-specific PCR using methods described previously (7). Samples from 134 P. knowlesi–positive human cases collected during 2012–2014 that had sufficient DNA for multilocus genotyping originated from Kapit
(n = 35), Betong (n = 4), and Lawas (n = 15) in Sarawak
state, Malaysian Borneo; from Kudat (n = 20), Ranau (n =
25), and Tenom (n = 22) in Sabah state, Malaysian Borneo;
and from Kelantan (n = 13) in peninsular Malaysia.
Samples that were collected during 2007–2014 from 48
P. knowlesi–positive macaques had sufficient DNA for multilocus genotyping. Most were from long-tailed macaques,
sampled from Selangor (n = 17), Perak (n = 6), and Negeri
Sembilan (n = 15) in peninsular Malaysia and from Balingian (n = 1), Limbang (n = 2), Miri (n = 2), and Sarikei (n =
2) in Sarawak; pig-tailed macaque samples were from Limbang (n = 1) and Kapit (n = 2) in Sarawak. We performed
the sampling according to the protocols of the Department
of Wildlife and National Parks in Malaysia. We included
DNA of P. knowlesi strain Nuri (kindly provided by Clemens Kocken at the Biomedical Primate Research Centre, the
Netherlands) in the genotyping as a control (17).
Microsatellite Genotyping of New Samples

We genotyped each of the P. knowlesi–positive DNA
samples at 10 microsatellite loci (NC03_2, CD05_06,

CD08_61, NC0AU: 9_1, NC10_1, CD11_157, NC12_2,
NC12_4, CD13_61, CD13_107) using hemi-nested PCR
assays specific for P. knowlesi, as described previously (9).
We analyzed fluorescent dye-labeled PCR products by using capillary electrophoresis on the Genetic Analyzer 3730
(Applied Biosystems, Cheshire, UK), with GeneScan 500
LIZ internal size standards, following which we scored alleles and peak heights with GeneMapper version 4.0 software (Applied Biosystems).
The genotypic multiplicity of infection (MOI) was defined as the maximum number of alleles detected at any individual locus. Electrophoretic peak heights above 200 fluorescent units of the expected molecular sizes were scored
as alleles, and secondary peaks within an infection sample
were scored if they had a height of at least 25% relative to
the predominant allele. We determined the multilocus genotype profile of each infection, and allele frequency counts
for population samples, by counting the predominant allele
at each locus within each infection.
Analysis of Microsatellite Genotypes from
Previous Data

We retrieved whole genome sequence data of P. knowlesi
samples from the European Nucleotide Archive (http://
www.ebi.ac.uk/ena), and we obtained the reference genome
sequence of strain H from GeneDB (http://www.genedb.
org/Homepage/Pknowlesi). Most of the parasite genome
short-read Illumina sequences available are from patients
sampled in Malaysian Borneo (12,16), but a few are from
older laboratory lines that originated from peninsular Malaysia, as well as 1 supposedly from the Philippines (16).
Although genome sequences indicate some historical mislabeling or contamination of the laboratory lines, meaning
that individual identities are in question, it is clear that most
are from peninsular Malaysia (16). We aligned the raw
short reads to P. knowlesi genome strain H by using the
Figure 1. Geographic
distribution of DNA samples of
Plasmodium knowlesi infections
derived from 134 humans and
48 macaques across Malaysia.
h, human samples; lt, long-tailed
macaque samples; pt, pig-tailed
macaque samples.
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BWA-MEM alignment tool with default parameters
(https://arxiv.org/pdf/1303.3997.pdf). We identified lists of
indels using the SAMTools and VCFtools software (18,19)
with the following parameters, described elsewhere (16):
mpileup –B –Q 23 –d 2000 –C 50 -ugf; varFilter –d 10 –D
2000. Using ARTEMIS software (20), we determined the
putative microsatellite allele size by inspecting the indels
within the location of the PCR primers used for the second
amplification PCR. We assessed the quality of the mapping
within the microsatellite allele regions with the minimum
depth of short-read coverage at 30-fold.

the discriminant function, we partitioned the variances into
within-group and among-group components, while optimizing separations between groups.
We calculated pairwise differentiation (FST) between
different subpopulations of P. knowlesi by using FSTAT
software version 2.9.3.2 (28). We estimated the mean allelic diversity across loci, measured as expected heterozygosity (HE), using FSTAT software. We assessed multilocus linkage disequilibrium with the standardized index of
association (IAS), calculated by LIAN version 3.7 (29), with
Monte Carlo simulation of 10,000 data permutations.

Analyses of P. knowlesi Population Genetic Substructure

Results

We evaluated population genetic structure by Bayesian
clustering inference using STRUCTURE version 2.3.4
software (21), on samples for which there were no missing data at any locus. First, to allocate the probable ancestral assignment of a genotype into 1 or more K clusters, we set the parameters for the admixture model on the
basis of correlated allele frequency, without providing the
sample source information. However, the sensitivity for
population structure analysis can be improved by providing population information, in which an algorithm assumes
that the probability of an individual being part of a population varies among locations or sources of origins (22).
For the second test, we set the parameter to LOCPRIOR.
This parameter is informative when population structure
signals are weak because of a close relationship between
populations. We performed both LOCPRIOR and nonLOCPRIOR parameters in STRUCTURE runs separately
with a burn-in period of 50,000 followed by 100,000 Markov chains (MCMC iterations). The simulations were replicated 20 times for K values ranging from 1 to 10. The
optimal K value was calculated based on Evanno’s method
of ΔK statistics implemented in the STRUCTURE HARVESTER webpage interface (23,24). For the optimum K,
we aligned the 20-replicate runs at 10,000 permutations to
determine the consensus of cluster scores using CLUMPP
version 1.1.2 (25).
To evaluate population structure independently, we
performed principal coordinate analysis (PCoA) using the
GenAlEx package version 6 implemented in Microsoft Excel (26). We first generated a genetic distance matrix using the multilocus microsatellite dataset, and we plotted
a 2-dimensional PCoA based on the first 2 highest eigenvalues. We calculated the K-means clusters using the first
and second eigenvectors generated from the PCoA, and
subsequently used them to assign each individual infection
to the most probable cluster. In addition, we applied the
discriminant analysis of principal component from the adegenet 2.0.0 packages in R to assess the population structure
(27). In this procedure, we first transformed genotype data
into 40 uncorrelated principal components, and then, using
618

Genotypic Diversity within P. knowlesi Infections

Of 182 P. knowlesi infections genotyped for this study (134
from humans, 45 from long-tailed macaques, and 3 from
pig-tailed macaques), 166 (91.2%) yielded complete genotype data for the panel of 10 microsatellite loci, whereas
the remainder were each genotyped for at least 7 of the loci
(Table; online Technical Appendix 1, http://wwwnc.cdc.
gov/EID/article/23/4/16-1738-Techapp1.xlsx).
Among the human cases, single genotype infections
were common, and the average number of genotypes per infection (MOI) was less than 2 at all sites sampled. This was
expected when these samples were collectively reanalyzed
with P. knowlesi infections of humans and macaques across
Malaysia from previous studies (online Technical Appendix 2 Table 1, http://wwwnc.cdc.gov/EID/article/23/4/161738-Techapp2.pdf). We found no notable difference in
numbers of genotypes per infection in Malaysian Borneo
and peninsular Malaysia (mean MOI values of 1.50 and
1.77, respectively; p = 0.14 by Fisher exact test). In contrast, multiple genotype infections were more common in
macaques both in Malaysian Borneo (mean MOI = 2.10, p
= 6.7 × 10-3) and peninsular Malaysia (mean MOI = 2.39,
p = 9.8 × 10−4) (Table; Figure 2). We counted the predominant allele at each locus per infection for subsequent statistical analyses on population structure.
Analysis of P. knowlesi Population Genetic Structure
with New Samples

Bayesian clustering analyses using 2 admixture models on
the new sample of 166 infections with complete genotype
data for the full panel of 10 microsatellite loci identified 3
subpopulation clusters (K = 3; Figure 3; online Technical
Appendix 2 Figures 1 and 2, panel A), hereafter referred
to as clusters 1–3. Human infections in Malaysian Borneo were assigned to clusters 1 and 2, whereas long-tailed
macaque infections were all in cluster 1 and pig-tailed
macaque infections were mostly in cluster 2 (1 pig-tailed
macaque infection was assigned as intermediate between
clusters 2 and 3), confirming the existence of 2 major
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Table. Summary of Plasmodium knowlesi mixed-genotype infections in 134 human and 48 macaque hosts across Malaysia obtained
using 10 microsatellite loci*
No. isolates by no. genotypes detected
Average
Host and site
Region
No. samples
1
2
3
4
% Poly
MOI
MS10
Human
Kapit
Sarawak
35
27
5
2
1
23
1.34
35
Betong
Sarawak
4
4
0
0
0
0
1.00
3
Lawas
Sarawak
15
7
7
0
1
53
1.67
14
Kudat
Sabah
20
13
6
1
0
35
1.40
20
Ranau
Sabah
25
13
10
2
0
48
1.56
25
Tenom
Sabah
22
11
7
3
1
50
1.73
22
Kelantan
Peninsular Malaysia
13
5
6
2
0
62
1.77
13
Total
134
132
Long-tailed macaque
Balingian
Sarawak
1
0
1
0
0
100
2.00
1
Limbang
Sarawak
2
0
1
1
0
100
2.50
1
Miri
Sarawak
2
1
1
0
0
50
1.50
1
Sarikei
Sarawak
2
1
0
1
0
50
2.00
2
Selangor
Peninsular Malaysia
17
8
6
2
1
53
1.76
15
Perak
Peninsular Malaysia
6
1
3
2
0
83
2.17
5
Negeri Sembilan
Peninsular Malaysia
15
0
3
6
6
100
3.20
6
Total
45
31
Pig-tailed macaque
Limbang
Sarawak
1
0
0
1
0
100
3.00
1
Kapit
Sarawak
2
1
0
1
0
50
2.00
2
Total
3
3
All
182
166
*All samples were successfully genotyped at ≥7 loci, and 166 samples had complete genotypes for all 10 microsatellite loci (MS10). MOI, multiplicity of
infection; poly, polyclonal infections.

sympatric subpopulations in Malaysian Borneo, as reported previously (9,12,16).
Among the samples from peninsular Malaysia, those
from human cases were all assigned to cluster 3, along with
most of the infections from wild long-tailed macaques sampled in Kelantan, although long-tailed macaque infections
from the other 2 sites had more intermediate cluster assignments, suggesting some ancestral affinity with cluster
2. All the laboratory isolates, originating many years ago
mainly from peninsular Malaysia, were clearly assigned to
cluster 3, consistent with results of a recent whole genome
sequence analysis (16).
Analysis of Population Genetic Structure Incorporating
New and Previously Acquired Microsatellite Data

To further evaluate the population structure of P. knowlesi,
we collated the dataset in this study with data from samples analyzed previously (9). This yielded a total of 758

P. knowlesi infections with the complete panel of 10 microsatellite loci genotyped. This total comprises 166 samples
from the present study (Table), 556 previously genotyped
samples, 29 samples that had undergone repeat genotyping for all 10 loci completed here (online Technical Appendix 1 Figure 3), and 7 derived from Illumina short-read
sequence data.
The admixture STRUCTURE analysis without the
LOCPRIOR model identified 2 subpopulation clusters
(K = 2; online Technical Appendix 2 Figure 2, panel
B, and 4). This was consistent with a previous analysis showing that human cases in the Malaysian Borneo
group fell into 2 different genotype clusters, which are
also respectively seen in long-tailed and pig-tailed macaque infections, although the current analysis assigned
samples from peninsular Malaysia to cluster 2 (previously, they had been grouped into cluster 1). However, incorporation of the LOCPRIOR model showed 3
Figure 2. Multiplicity of infection
(MOI) for Plasmodium knowlesi
genotypes in 134 human and 48
macaque hosts across Malaysia.
Means of MOI were higher in
macaque hosts than in human
hosts for both regions, but the
values were not statistically
significant for A) peninsular
Malaysia (p = 0.25 by Fisher
exact test) compared with
B) Malaysian Borneo (p = 0.01).
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subpopulation clusters (K = 3; Figure 4, panel A; online
Technical Appendix 2 Figure 4), with most of the isolates
from peninsular Malaysia belonging to cluster 3, as also
seen with the analysis based solely on the new samples.
Overall, this confirms that human P. knowlesi infections
in Malaysian Borneo are divided into 2 different genetic
subpopulations that are associated with different macaque reservoir host species, whereas human infections
in peninsular Malaysia belong to a third subpopulation
that is also seen in long-tailed macaques at 1 of the sites
in peninsular Malaysia.

Technical Appendix 2 Table 4). However, the degree of
significance increased when all infections were not assigned into subpopulation clusters (IAS range from -0.002
to 0.242 with p<0.01 at most sites; online Technical Appendix 2 Table 5). Analyses of allele frequencies across
all 10 microsatellite loci confirmed strong genetic differentiation among these clusters (FST = 0.184 between
clusters 1 and 2; FST = 0.152 between clusters 1 and 3;

Robustness and Divergence of Subpopulation Clusters

Using an a priori designation of 3 subpopulation clusters
(K = 3), we independently assigned all 758 infections into
clusters using PCoA (Figure 4, panel B) and discriminant
analysis (Figure 4, panel C), and compared the results with
those derived from the STRUCTURE analysis (Figure 4,
panel A). These showed highly concordant results (online
Technical Appendix 1). PCoA indicated that infections in
humans were strongly associated with infections in local
macaque reservoir hosts for both Malaysian Borneo and
peninsular Malaysia (online Technical Appendix 2 Figure
5). Discriminant analysis also showed clear clustering, with
only minimal overlap among the inertia ellipses for the 3
major clusters.
To test the consistency and robustness of cluster
assignment for all 758 infections, across the different
methods used (Bayesian analysis using STRUCTURE,
principal coordinates analysis, and discriminant analysis), we assessed a consensus for each individual (online Technical Appendix 1; online Technical Appendix
2 Table 2). A large majority (86.4%) of infections were
assigned into the same cluster by all 3 methods (cluster
1, n = 384; cluster 2, n = 175; cluster 3, n = 96). Most
of the remainder (12.9% of the total) had an agreed assignment for 2 of the methods (cluster 1, n = 65; cluster 2, n = 16; cluster 3, n = 17), whereas only 5 (0.7%)
showed no agreement across the methods. Omitting the
few infections that did not show agreement for 2 or more
methods yielded a dataset of 753 P. knowlesi infections
that grouped into 3 major subpopulation clusters (cluster
1, n = 449; cluster 2, n = 191; cluster 3, n = 113; online
Technical Appendix 2 Table 3). We estimated values
of allelic diversity (HE) between 0.51 and 0.83 among
different sites at each of the subpopulation clusters (online Technical Appendix 2 Table 4), and we observed
similar patterns even without separating the infections
by subpopulation cluster assignments (online Technical
Appendix 2 Table 5). The index of multilocus linkage
disequilibrium yielded various degrees (IAS range from
-0.007 to 0.305), with loss of significance at majority
of the sites among the 3-subpopulation clusters (online
620

Figure 3. Subpopulation cluster assignments of individual
Plasmodium knowlesi infections in human and macaque hosts
across Malaysia and 7 laboratory isolates. The Bayesian-based
STRUCTURE analysis with LOCPRIOR model (22) was applied
on complete 10-microsatellite loci of 166 P. knowlesi infections
and 7 laboratory isolates showing 3 subpopulation clusters (K = 3;
ΔK = 37.72). Ancestral population clusters are referred to as
cluster 1 (blue), cluster 2 (green), and cluster 3 (red). Numbers
in parentheses indicate number of isolates. hm, human; lt, longtailed macaque; pt, pig-tailed macaque; ot, various other sources.
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FST = 0.201 between clusters 2 and 3; p<3.3 × 10−4 for
each comparison using 3,000 randomized permutations).
This indicates deep divergence among the 3 major parasite subpopulations that infect humans, 2 of which are
sympatric and predominantly associated with different
reservoir hosts (long-tailed and pig-tailed macaques in
Malaysian Borneo), and 1 of which is allopatric in a different geographic region (peninsular Malaysia).

Discussion
Three major subpopulations of P. knowlesi have been demonstrated in natural human infections in Malaysia. These
subpopulations show profound divergence, with pairwise
FST values of ≈0.2, suggesting minimal or no current gene
flow between parasites in Malaysian Borneo and peninsular Malaysia, nor between parasites in long-tailed and pigtailed macaque hosts within Malaysian Borneo.

Figure 4. Population genetic structure of combined 751 P. knowlesi infections across Malaysia and 7 laboratory isolates. A) The
inference of genetic clusters on complete 10-locus genotype dataset using the STRUCTURE analysis with LOCPRIOR model (22)
showed 3 major subpopulation structures (K = 3, ΔK = 98.73), corresponding to those shown in Figure 3. Numbers in parentheses
indicate number of isolates. B, C) Using a priori K = 3, individual genotypes were assigned to the most probable subpopulation clusters
using independent genetic distance matrix inferred by the principal coordinate analysis (B) and discriminant analysis of principal
component (DAPC) (C). In DAPC, clusters depicted as ellipses indicated the variance within the clusters and centered by K-means. hm,
human; lt, long-tailed macaque; PCo, principal coordinate; pt, pig-tailed macaque.
Emerging Infectious Diseases • www.cdc.gov/eid • Vol. 23, No.4, April 2017
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The existence of 3 divergent clusters was initially indicated from whole genome sequence-based single nucleotide polymorphism analysis of P. knowlesi clinical isolates and laboratory lines (16). Whereas 2 of the clusters
of genome sequences (clusters 1 and 2) had been seen in
clinical infections in Malaysian Borneo, the third (cluster
3) was seen only in old laboratory lines that were originally isolated mostly from peninsular Malaysia. Using microsatellite scoring obtained from genome sequences and
combined with genotyping of infections from humans and
macaques in the current study, we confirmed that the cluster 3 subpopulation is widespread in peninsular Malaysia.
Furthermore, it is divergent from clusters 1 and 2, which
account for all infections in Malaysian Borneo and apparently a minority of wild macaque infections in peninsular
Malaysia. With smaller numbers of samples, recent studies on sequence diversity in genes encoding the normocyte
binding protein (Pknbpxa) (10) and the Duffy binding protein (PkDBP) (30), as well as the 18S rRNA gene and the
mitochondrial Cox1 gene, have suggested that parasites in
peninsular Malaysia had probably diverged from those in
Malaysian Borneo.
It is likely that allopatric divergence occurred as a
result of the ocean barrier between Borneo and mainland
Southeast Asia, established at the end of the last ice age
≈13,000 years ago, which prevents the movement of wild
macaque reservoir hosts (31). However, one of the old
laboratory lines that was recently sequenced is labeled
as having originally been isolated from a long-tailed macaque in “Philippines,” and this sequence is clearly assigned to cluster 3 along with the parasites from peninsular Malaysia (16), although the islands of the Philippines
have never been connected to peninsular Malaysia or any
other part of mainland Southeast Asia (32). Unless there
was a historical mislabeling or previous mixup of parasite material, this finding suggests that wider sampling of
P. knowlesi in wild macaques will give a more complete
understanding of divergence within this zoonotic parasite
species (31,33–35). Similarly, the observation that a minority of P. knowlesi parasites in long-tailed macaques
from peninsular Malaysia are assigned to cluster 2, which
has otherwise been seen only in samples from Malaysian
Borneo, indicates that additional sampling of macaques
from different areas may uncover more features of the
parasite population structure.
The sympatric differentiation between cluster 1 and
cluster 2 parasites in Malaysian Borneo supports the idea
that parasite subpopulations are transmitted independently
in long-tailed and pig-tailed macaque populations (36,37).
Although pig-tailed macaques occur mostly in forested areas, long-tailed macaques have a broader habitat range in
both forested and nonforested areas (38). Because of the
absence of parasite samples from pig-tailed macaques in
622

peninsular Malaysia, it is unknown whether there is divergence in P. knowlesi between the different macaque host
species in this region.
Analysis of genome sequences to derive the frequency
distribution of single-nucleotide polymorphism alleles indicates that the cluster 1 subpopulation of P. knowlesi has
undergone long-term population growth (16). It is unknown
whether parasites of cluster 2 and cluster 3 subpopulations
have a similar demographic history, but genome sequencing of more samples within these subpopulations should be
able to address this in the future.
The observation that most infections in all macaque
populations are polyclonal, whereas most human cases
contain single parasite genotypes, probably reflects a
higher intensity of transmission among macaques than
from macaques to humans (9). It is not yet known whether there are any substantial differences in the clinical
course of infections caused by the 3 major subpopulations of P. knowlesi; this question should be investigated
in a manner that accounts for any confounding variables
between different study sites. In any case, recognition
of these divergent subpopulations provides a more accurate basis on which to understand and potentially control the transmission of this zoonosis. Furthermore, obtaining whole-genome sequence data from more clinical
samples belonging to each of the 3 major types should
enable a more thorough investigation of the genomic divergence, and identify loci at which there are signals of
recent adaptation that may relate to differences in virulence or transmission.
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Variation in Aedes aegypti
Mosquito Competence for
Zika Virus Transmission
Christopher M. Roundy,1 Sasha R. Azar,1 Shannan L. Rossi, Jing H. Huang, Grace Leal,
Ruimei Yun, Ildefonso Fernandez-Salas, Christopher J. Vitek, Igor A.D. Paploski, Uriel Kitron,
Guilherme S. Ribeiro, Kathryn A. Hanley, Scott C. Weaver, Nikos Vasilakis

To test whether Zika virus has adapted for more efficient
transmission by Aedes aegypti mosquitoes, leading to recent urban outbreaks, we fed mosquitoes from Brazil, the
Dominican Republic, and the United States artificial blood
meals containing 1 of 3 Zika virus strains (Senegal, Cambodia, Mexico) and monitored infection, dissemination, and
virus in saliva. Contrary to our hypothesis, Cambodia and
Mexica strains were less infectious than the Senegal strain.
Only mosquitoes from the Dominican Republic transmitted
the Cambodia and Mexica strains. However, blood meals
from viremic mice were more infectious than artificial blood
meals of comparable doses; the Cambodia strain was not
transmitted by mosquitoes from Brazil after artificial blood
meals, whereas 61% transmission occurred after a murine
blood meal (saliva titers up to 4 log10 infectious units/collection). Although regional origins of vector populations and
virus strain influence transmission efficiency, Ae. aegypti
mosquitoes appear to be competent vectors of Zika virus in
several regions of the Americas.

Z

ika virus is an emerging arthropodborne virus (arbovirus) of the family Flaviviridae. Discovered in 1947
(1), Zika virus remained obscure and its detection largely
limited to sylvatic transmission cycles between arboreal
mosquitoes (Aedes [Stegomyia] africanus, Ae. [Diceromyia] furcifer) and primates (1). Before the recent outbreaks
in Micronesia (1) and French Polynesia (2), only 14 human cases had been reported. In early 2015, autochthonous
Zika virus transmission was detected for the first time in
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the Americas, in Brazil (3). After explosive spread in the
Americas, transmission has been documented in 48 countries and territories, including the United States (4). Most
Zika virus infections result in inapparent or mild illness;
symptoms include fever, rash, malaise, and conjunctivitis.
However, during the outbreak in Brazil, Zika virus was associated with serious congenital outcomes, including microcephaly (5), ocular abnormalities (6), meningoencephalitis (7), and myelitis (8), and Guillain-Barré syndrome in
many age groups (2). These complications and the rapid
spread of the virus prompted the World Health Organization to declare Zika virus a public health emergency of international concern (5).
There are 2 primary Zika virus lineages: Asian and African (9). The Zika virus strain currently circulating in the
Americas (American lineage) is derived from the Asian lineage (10). Because no vaccines or antiviral drugs are available (11), efforts to prevent Zika virus infection focus on
controlling mosquito vectors. Historically, Zika virus has
been isolated from several Aedes spp. mosquitoes, including multiple sylvatic species in Africa (1,12,13) and the
domestic species Ae. aegypti in Malaysia (1) and Mexico
(14). Ae. aegypti mosquitoes are the main urban vector of
other medically important urban arboviruses with similar
origins, such as dengue virus (DENV), chikungunya virus
(CHIKV), and yellow fever virus. However, studies of Ae.
aegypti mosquito susceptibility for Zika virus have yielded
varied results; some have suggested relative refractoriness
(15). This finding has led to speculation that other vectors
common in tropical cities, such as Ae. albopictus mosquitoes (16), implicated in a Gabon epidemic (17), and Culex
quinquefasciatus mosquitoes, common in tropical cities,
could be Zika virus vectors (13).
One hypothesis for the sudden emergence of Zika virus
epidemics since 2007 is viral adaptation for more efficient
transmission by Ae. aegypti mosquitoes (18). A precedent
for this mechanism is the adaptation of CHIKV for infecting Ae. albopictus mosquitoes, mediated through a series
1

These authors contributed equally to this article.
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of envelope glycoprotein substitutions. This adaptation enabled the dramatic spread of CHIKV in the Indian Ocean
Basin, Asia, and Europe since 2005 (19). Similar adaptive
evolution of the Asian and/or American lineages of Zika
virus for transmission by Ae. aegypti mosquitoes could explain the lack of past major urban outbreaks.
During 2016, we tested this hypothesis by examining the ability of 3 Zika virus strains representing African, Asian, and American lineages to be transmitted
by Ae. aegypti mosquitoes. Because geographically disparate populations of this species can vary in their susceptibility to flaviviruses (20), including Zika virus (15),
we tested populations from 3 at-risk sites in the Americas—Brazil (Salvador), the Caribbean (Dominican Republic [DR]), and the United States (Rio Grande Valley
[RGV], Texas)—with Zika virus strains from Senegal
(DAK AR 41525), Cambodia (FSS 13025), and a 2015
Mexico outbreak (MEX1–7) (14). We also estimated the
extrinsic incubation period (EIP) and viral titers in mosquito saliva and characterized differences in infection
and dissemination between artificial and viremic blood
meals (21).

Mosquitoes

Colonized Ae. aegypti mosquitoes from Salvador (generation F2), the DR (F6), and the RGV (F4) were housed
in a 27° ± 1°C incubator (a typical temperature in tropical climates) with 80% ± 10% relative humidity in cardboard cups with mesh lids, fed 10% sucrose ad libitum,
and maintained at 16:8 light:dark cycle. Mosquitoes were
sex-sorted 3 days posteclosion. Twenty-four hours before
experiments, sucrose was replaced with water, which was
withdrawn 6 h before feeding.
Murine Infections

Materials and Methods

Four-week-old interferon type I receptor-knockout (A129)
mice were infected intraperitoneally with 1 × 105 focusforming units (FFU) of Zika virus FSS 13025 diluted in
phosphate-buffered saline. This model generates viremias
of 104–107 during 1–3 days post infection (dpi) (22). One
animal per day was randomly selected, anesthetized with
100 mg/kg of ketamine, and placed on the screened lid of
cups containing sucrose-starved Ae. aegypti mosquitoes
(Salvador). Mosquitoes were allowed to feed for 30 min,
then cold-anesthetized, and fully engorged specimens were
incubated. After blood feeding, mice were euthanized and
exsanguinated for viremia quantification by FFA.

Cells

Preparation of Infectious Blood Meals and Oral infection

Vero cells were purchased from ATCC (Bethesda, MD,
USA). Cells were maintained in Dulbecco’s modification
of Eagle’s medium (DMEM) (Invitrogen, Carlsbad, CA,
USA) supplemented with 5% fetal bovine serum (FBS)
(Atlanta Biologicals, Flowery Branch, GA, USA) and
penicillin/streptomycin (100 U/mL and 100 µg/mL respectively) (Invitrogen) in a humidified incubator at 37°C
with 5% CO2.
Viruses

We used the following Zika virus strains in these studies: FSS 130125 (GenBank accession no. KU955593.1),
a human isolate from Cambodia isolated in Vero cells,
passaged once in C6/36 before lyophilization; DAK AR
41525 (KU955591.1), an Ae. africanus isolate from Senegal isolated in AP61 cells and passaged once in C6/36;
and MEX 1–7 (KX247632.1), isolated from Ae. aegypti
mosquito on Vero cells with 3 additional passages. All viruses were acquired as lyophilized stocks from the World
Reference Center for Emerging Viruses and Arboviruses
at the University of Texas Medical Branch (Galveston,
TX, USA). Viruses were cultured once in C6/36 Ae. albopictus cells, followed by 3 passages in Vero cells to
generate stocks for mosquito feeding. All stocks were
titered by focus-forming assay (FFA) and frozen at
−80°C in 30% FBS before use in artificial blood meals or
mouse infections.
626

Artificial blood meals containing Zika virus were prepared
at ≈4 × 104, 4 × 105, or 4 × 106 FFU/mL. Blood meals comprised 1% (wt/vol) sucrose, 7.5% fetal bovine serum (FBS),
12.5% washed human erythrocytes (University of Texas
Medical Branch blood bank), 900 µM adenosine triphosphate, and viral dilutions in DMEM containing 2% FBS
and 100 U/mL penicillin and 100 µg/mL streptomycin. After 1 h of feeding, mosquitoes were cold-anesthetized, and
engorged females were extrinsically incubated. Infections
were conducted in 4 separated experiments, with 1 of the 3
mosquito strains studied at a time, followed by the murine
blood meal experiments.
Mosquito Dissemination and Transmission Potential

On days 2, 4, 7, 10, and 14 after feeding, ≈9 mosquitoes
per group (fewer in some groups because of feeding efficiency and survival) were cold-anesthetized, and legs
were removed and placed into Eppendorf tubes containing
a steel ball bearing and 500 µL of DMEM, supplemented
with 2% FBS, 1% penicillin/streptomycin, and 2.5 µg/mL
amphotericin B (GIBCO, Waltham MA, USA). On days 4,
7, 10, and 14, after removal of legs, mosquitoes were immobilized and their proboscis inserted for 30 min of salivation into a sterile 10-µL micropipette tip containing 8 µL
of FBS, after which the expectorated saliva/FBS was added
to 100 µL of DMEM. Mosquito bodies were then triturated
for 5 min at 26 Hz in a Tissue Lyser II (QIAGEN, Venlo,
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the Netherlands) in microfuge tubes containing a steel ball
bearing and 500 µL of mosquito media. On day 2 after
infection, only bodies and legs were collected. For mosquitoes fed on viremic mice, samples were collected 3, 7,
and 14 days after feeding. Homogenized mosquito samples
were clarified by centrifugation at 200 × g for 5 min.
FFA

FFAs were conducted as described previously (23) for viral
stocks, blood meals, and all mosquito samples by inoculating
96-well plates of nearly confluent Vero cells with 50 µL of
sample supplemented with 50 µL of mosquito media. After a
3-day incubation, plates were fixed, washed, and blocked before overnight incubation with mouse anti– Zika virus (strain
MR-766). Plates were washed and incubated with goat antimouse secondary antibody conjugated to horseradish peroxidase (KPL, Gaithersburg, MD, USA). Plates were washed
and developed with aminoethylcarbazole solution (Enzo
Diagnostics, Farmingdale, NY, USA) prepared according to
the manufacturer’s protocol for detection.
Saliva Titration

Positive saliva samples were titrated by FFA on 24-well
plates of Vero cells. Means and SDs were calculated for all
positive samples. Samples that were positive during initial
screening but below the limit of detection (10 FFU) for the
titration assay were given a value of limit of detection–1
for calculations.
Statistical Analysis

For mosquitoes fed on artificial blood meals, the effect of
mosquito strain, virus strain, and dpi, as well as interactions among these, on percentage of bodies infected was
analyzed by using a nominal logistic regression, with separate analyses for each blood meal titer (≈4, 5, or 6 log10
FFU/mL). Because of the large number of comparisons, the
threshold for significance (α) was set to an arbitrary but
conservative threshold of 0.005. Next, the effects of mosquito strain, virus strain, and dpi on dissemination, measured as the percentage of infected bodies that produced
infected legs, were analyzed by using a nominal logistic
regression, with separate analyses for each blood meal titer.
Similarly, the effects of mosquito strain, virus strain, and
dpi on transmission, measured as the percentage of mosquitoes with disseminated infection that secreted virus in
the saliva, were analyzed by using a nominal logistic regression, with separate analyses for each blood meal titer.
For both dissemination and saliva infection, interactions
among each of the 3 independent variables were not fully
explored, because some combinations were not included
(i.e., some mosquito strain × virus strain × dpi combinations did not yield infected bodies). Virus titer in the saliva was not subject to statistical analysis because of small

sample sizes. The effects of feeding mode (mouse versus
artificial blood meal), virus titer, and dpi on the percentage
of infections, dissemination, and transmission in Salvador
Ae. aegypti mosquitoes fed on Zika virus strain FSS were
analyzed by nominal logistic regression.
Results
We detected no statistically significant interactions among
mosquito strain, virus strain, and dpi in any analysis of infection, dissemination, or transmission after mosquitoes
fed on an artificial blood meal (Table 1). Frequently, dpi
significantly affected infection, dissemination, and transmission as expected based on the need for replication and
dissemination in the mosquito, so these data are not presented in detail here.
When Ae. aegypti mosquitoes were fed on artificial
blood meals at doses of 5 or 6 log10 FFU/mL of Zika virus,
DAK AR 41525 (Figure 1, panels B, C; Figure 2, panels B,
C; Figure 3, panels B, C) produced a significantly higher
percentage of infection than did the same titers of strain
FSS and MEX1–7 (Figure 1, panels B, C; Figure 2, panels
B, C; Figure 3, panels B, C) across all 3 strains of Ae. aegypti (p<0.001 at 5 log10 FFU/mL, p<0.002 at 6 log10 FFU/
mL). In addition, at the 2 higher doses, disseminated DAK
AR 41525 infections produced a higher percentage of infectious saliva (p<0.004 at 5 log10 FFU/mL, p<0.0001 at 6
log10 FFU/mL). DAK AR 41525, however, did not result in
a higher percentage of infections resulting in dissemination
to the legs (a proxy for the hemocoel). At an artificial blood
meal concentration of ≈4 log10 FFU/mL, we found no significant difference among the 3 Zika virus strains in infection, dissemination, or transmission. For all artificial blood
meal concentrations, FSS 13025 and MEX 1–7 produced
similar infection, dissemination, and transmission percentages in each mosquito population.
When Ae. aegypti mosquitoes were fed on artificial
blood meals at doses of ≈4, 5, or 6 log10 FFU/mL of Zika
virus, a significantly greater percentage of mosquitoes from
the DR (Figure 2) became infected than from the RGV
(Figure 3) and Salvador populations (Figure 1) (p<0.001
at 4 and 5 log10 FFU/mL, p<0.002 at 6 log10 FFU/mL). At
doses of 5 and 6 log10 FFU/mL, a greater percentage of Ae.
aegypti mosquitoes from the DR with disseminated infections had infectious saliva (p<0.004 at 5 log10 FFU/mL,
p<0.0001 at 6 log10 FFU/mL). Ae. aegypti mosquitoes from
the DR, however, did not have significantly higher percentages of infections that disseminated. For all artificial blood
meal doses and Zika virus strains, Ae. aegypti from Salvador and the RGV had similar infection, dissemination, and
transmission percentages.
Because virus titers and sampling days for mosquitoes
fed on mice (4, 6, and 7 log10 FFU/mL sampled 7 and 14
days postfeeding) and artificial blood meals (4, 5, and 6
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all 3 variables). Because only 8 mosquitoes in this group
produced infected saliva, we did not attempt analysis on
this small sample. However, it was striking that only mosquitoes fed on mice produced infected saliva. An analysis
using all data from Salvador mosquitoes fed on Zika virus strain FSS 13025 in artificial blood meals and mice revealed a significant effect of all 3 independent variables on
infection (p<0.0001 for all comparisons), with infection being greater at higher blood meal titers and later time points
after infection and from blood meals acquired from mice.
Ae. aegypti mosquitoes from Salvador exhibited a
minimum EIP of 10 days after artificial infection with Zika
virus strain DAK AR 41525 at 5 and 6 log10 FFU/mL and
14 days after infection with FSS 13025 or MEX1–7 strains
at 6 log10 FFU/mL and DAK AR 41525 at 4 log10 FFU/
mL. Ae. aegypti mosquitoes from the DR exhibited an EIP
of 10 days after artificial infection with Zika virus strain
DAK AR 41525 at 5 and 6 log10 FFU/mL and 14 days after
infection with FSS 13025 at 5 or 6 log10 FFU/mL, MEX1–7
strains at all 3 doses, and DAK AR 41525 at 4 log10 FFU/
mL. Ae. aegypti mosquitoes from the RGV did not effectively transmit FSS 13025 or MEX1–7 at any titer (only
1 positive MEX1–7 saliva sample on 10 dpi) but showed
an EIP of 7 days with strain DAK AR 41525 at 6 log10
FFU/mL, 10 days at 5 log10 FFU/mL, and 14 days at 4 log10
FFU/mL. Mosquitoes infected through murine blood meals
showed an EIP of 7 days after a 6 or 7 log10 FFU/mL blood
meal, and 14 days after a 4 log10 blood meal.

Figure 1. Infection, dissemination, and transmission of 3 Zika
virus strains by Aedes aegypti mosquitoes from Salvador, Brazil,
after artificial blood meals with a concentration of 4 log10 (A), 5
log10 (B), or 6 log10 (C) focus-forming units/mL.

log10 FFU/mL sampled 2, 4, 7, 10, and 14 dpi) did not completely overlap, we first compared mosquito infection only
for blood meal titers (≈4 and 6 log10 FFU/mL) and dpi (7,
14 dpi) that coincided between the 2 feeding methods (Figure 1, panels A [middle panel], C [middle panel]; Figure
4). A nominal logistic regression using these data (N = 81)
showed no significant interactions among the independent
variables; virus titer (χ2 24.3, df = 1, p<0.0001) and feeding
method (χ2 9.7, df = 1, p<0.0019) significantly affected the
likelihood of infection, whereas dpi did not (χ2 0.33, df = 1,
p = 0.56). Using this same dataset, we found that virus titer,
feeding method, and dpi all significantly affected dissemination from infected bodies to legs (N = 50, p<0.0001 for
628

Discussion
Because no vaccine or therapeutic drugs are available, Zika
virus prevention depends on controlling the mosquito vector. Although some previous studies (15) showed relatively
low Zika virus competence in Ae. aegypti mosquitoes, raising questions about the role of other potential vectors, others have shown this species to be highly competent (24,25).
We demonstrated that Ae. aegypti mosquito competency as
a vector for Zika virus in the Americas varies greatly and
depends on mosquito origin, Zika virus strain, and type of
blood meal used. Recent studies demonstrated that preexisting DENV antibodies in Zika virus–endemic areas might
enhance Zika virus infection in vitro (26); other studies
have conversely demonstrated that monoclonal antibodies
to DENV envelope neutralize Zika virus in vitro and protect immunocompromised mice from lethal infection (27).
The role of preexisting immunity to heterologous viruses
remains unclear; thus, even a moderately competent vector,
such as Ae. aegypti mosquitoes, might be able transmit efficiently because of its highly anthropophilic behavior and
ready access to homes without screening or air conditioning in much of Latin America and the Caribbean.
In agreement with previous studies (15), we demonstrated significant variation in competency for Zika virus
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Figure 2. Infection, dissemination, and transmission of 3 Zika
virus strains by Aedes aegypti mosquitoes from the Dominican
Republic after artificial blood meals with a concentration of 4 log10
(A), 5 log10 (B), or 6 log10 (C) focus-forming units/mL.

transmission among Ae. aegypti mosquito populations
from 3 different parts of the Americas. After artificial blood
meals, strains FSS 13025 and MEX1–7 were refractory to
transmission in all populations; we detected only 1 positive
saliva sample after large oral doses. In contrast, mosquitoes
from the DR were susceptible to and able to transmit all 3
Zika virus strains. A similar difference in DENV competency has been noted in comparisons of Ae. aegypti mosquito populations from different geographic locations (20).
This variation could be due to genetic differences among
mosquitoes or differences in microbiome, virome, or immune activation. Understanding differences in competency

and underlying mechanisms could help guide new strategies to control this vector.
In addition to differences in competency among Ae.
aegypti mosquito populations, we showed a significant difference in infectivity among Zika virus strains. DAK AR
41525 was the only strain capable of disseminating and
being transmitted by all mosquito strains. Furthermore, in
mosquitoes from the DR, which were susceptible to all 3
Zika virus strains, DAK AR 41525 disseminated the most
rapidly and resulted in the greatest proportion of infectious
saliva. This finding is surprising given that African Zika
virus strains have never been associated with outbreaks involving Ae. aegypti mosquitoes.
Another contribution of our findings is the higher
infectivity from murine blood meals than from artificial
meals. Artificial blood meals are known to be less infectious than natural meals, at least in part because of the lack
of coagulation and concentration of the virus adjacent to
the mid-gut epithelium (28,29). Also, in the case of DENV
and St. Louis encephalitis virus, frozen stocks are less infectious for Ae. aegypti mosquitoes than freshly harvested,
cell culture–derived virus (30). The FSS 13025 strain of
Zika virus infected only 75% of Salvador Ae. aegypti mosquitoes at 6 log10 FFU/mL by 14 dpi from an artificial blood
meal, with 67% of these infections disseminating, and 0%
involving the saliva. In contrast, 14 dpi after feeding on
an infected mouse with a 6 log10 FFU/mL viremia, 100%
infection occurred; 92% of these were disseminated, and
61% of disseminated infections reached the saliva. With
titers as low as 4 log10 FFU/mL in murine blood meals,
40% of mosquitoes became infected, of which 100% were
disseminated and had Zika virus detected in saliva. This
dramatic difference in competency after artificial versus
viremic blood meals undoubtedly contributed to the underestimation of Ae. aegypti mosquitoes as a Zika virus vector
in previous studies (15,25).
An important determinant of vector capacity is the
EIP, that is, the time before a virus can be found in the
saliva of a mosquito after an infectious blood meal. The
EIP for DENV varies depending on temperature and other
factors, with an average of 6.5 days at 30°C and 15 days at
25°C (31). The EIP for CHIKV is as short as 2 days (32). A
short EIP facilitates rapid spread, whereas a long EIP gives
a larger window for mosquito death, including by human
intervention. The 7-day minimum EIP we estimated after a
murine blood meal, and 7–10 days after an artificial blood
meal, are comparable to those of other flaviviruses in mosquitoes incubated at similar temperatures.
Another major factor in vector transmission is the
amount of virus inoculated in the saliva, which can affect
pathogenesis (21); this value is critical for determining realistic animal model doses. We found saliva titers of up to 4
log10 FFU per collection, with the following mean ±SD log10

Emerging Infectious Diseases • www.cdc.gov/eid • Vol. 23, No.4, April 2017

629

RESEARCH

Figure 4. Infection, dissemination, and transmission of the
Zika virus strain FSS 13025 by Aedes aegypti mosquitoes from
Salvador, Brazil, after blood meals from infected A129 mice with
viremic titers of 4 log10, 6 log10, or 7 log10 focus-forming units/mL.

Figure 3. Infection, dissemination, and transmission of 3 Zika
virus strains by Aedes aegypti mosquitoes from the Rio Grande
Valley, Texas, USA, after artificial blood meals with a concentration
of 4 log10 (A), 5 log10 (B), or 6 log10 (C) focus-forming units/mL.

FFU/collection for each mosquito–virus strain combination: Salvador mosquitoes, DAK AR 41525: 2.49 ±2.93; DR
mosquitoes, DAK AR 41525: 2.72 ±3.26; DR mosquitoes,
MEX1–7: 2.30 ±2.35; RGV mosquitoes, DAK AR: 2.20
±1.96; Salvador mosquitoes, FSS 13025 infected through a
murine blood meal: 2.77 ±3.00. Because of the dearth of positive saliva samples, no statistically significant differences
were found for these means. These infectious saliva titers are
based only on a small number of positive samples after artificial blood meals. Some studies have found that in vitro salivation overestimates the amount of an arbovirus inoculated
in vivo (33); others have found the inverse (34). Additional
studies are needed to precisely determine the amount of virus
transmitted by a Zika virus–infected Ae. aegypti mosquito.
630

Ideally, in investigations of viral adaption to vectors,
virus and mosquito origins should be matched. The mosquitoes to match the locations of the Zika virus strains reported here were unavailable. However, vector-adaptive
mutations in arboviruses are unlikely to remain geographically isolated because they spread more efficiently (35,36).
Therefore, adaptive evolution was investigated on the basis
of available mosquitoes with minimal colonization histories, from sites at risk for Zika virus transmission or with
reported autochthonous transmission. Surprisingly, despite
the use of minimally colonized mosquitoes, most susceptible population of Ae. aegypti from the DR had the longest
history of 6 generations. Previous studies demonstrated altered DENV-2 susceptibility for Ae. aegypti colonized for
>4 generations (37).
Although human Zika virus viremia is not well characterized, a Micronesia study found viral RNA concentrations of 900–729,000 RNA copies/mL (38). Recent case
studies have estimated ranges of 1.47–2 log10 PFU/mL
(39), 0.49–3.39 log10 FFU/mL (14), 2.20–2.75 log10 PFU/
mL, and 1.88–2.80 log10 PFU/mL (40). This wide range
might reflect the sampling of most patients after peak viremia has passed, which complicates selecting realistic doses
for mosquito competency studies.
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Outbreaks among Wild Birds and Domestic
Poultry Caused by Reassorted Influenza
A(H5N8) Clade 2.3.4.4 Viruses, Germany, 2016
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Martin Beer
In November 2016, an influenza A(H5N8) outbreak caused
deaths of wild birds and domestic poultry in Germany. Clade
2.3.4.4 virus was closely related to viruses detected at the
Russia–Mongolia border in 2016 but had new polymerase
acidic and nucleoprotein segments. These new strains may
be more efficiently transmitted to and shed by birds.

D

uring 2014–2015, after massive outbreaks of highly
pathogenic avian influenza (HPAI) on the Korean
Peninsula, subtype H5N8 viruses (group A clade 2.3.4.4)
caused outbreaks among wild birds and domestic poultry
in central Asia, Russia, and central Europe (1,2). Strains
of this clade, and novel reassortants thereof, were transferred to North America (3). Transcontinental spread of
these strains and an earlier HPAI virus (HPAIV) of the
goose/Guangdong lineage of subtype H5N1 has been
linked to dissemination by migratory wild birds (4). We
describe a novel reassortant of HPAIV A(H5N8) within
group B clade 2.3.4.4, which causes lethal infections in
hundreds of wild birds and domestic poultry in Germany
and elsewhere in Europe.
The Study
In late May 2016, a group B clade 2.3.4.4 H5N8 virus was
detected in dead and hunted wild birds at Lake Uvs-Nuur,
at the Russia–Mongolia border (5). On November 7, 2016,
many dead tufted ducks (Aythya fuligula) were found at
Lake Plön in Schleswig-Holstein, northern Germany, and
at Lake Constance in Baden-Württemberg, southern Germany (Figure 1); most were positive for H5N8. The epidemic among wild birds continued and spread toward the
center of the country (Figure 1). As of December 2016, several backyard holdings, 4 zoos, and a few large commercial
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operations were also affected. Direct or indirect contact
with wild birds was the most likely route of virus introduction into the backyard holdings and zoos. Despite the generally high standards of commercial operations, possible
biosecurity gaps were identified.
Most affected birds were found dead or exhibited severe
clinical signs such as apathy or sudden deaths (in some parts
of the affected chicken breeder farms, up to 90% died before
culling). Macroscopic changes commonly observed in tufted
ducks and poultry included severe diffuse hepatic necrosis,
multifocal petechiae, and variably hyperemic and edematous
lungs. Light microscopy confirmed influenza A virus nucleoprotein (NP) antigen and variably distinct necrotizing lesions
in liver, heart, lungs, brain, pancreas, spleen, and thymus (online Technical Appendix Figure 1, https://wwwnc.cdc.gov/
EID/article/23/4/16-1949-Techapp1.pdf). Some chickens
also displayed severe diffuse catarrhal enterocolitis; influenza
A virus NP antigen was present in the intestinal epithelium.
The spectrum of affected species of wild birds is broad
and includes mainly diving ducks but also swans, grebes,
gulls, buzzards, crows, and a white-tailed eagle (Table 1).
As of November 30, 2016, ≈400 infected wild birds were
detected in 13 federal states of Germany. H5N8 infections
were also reported from Austria, Croatia, Denmark, Finland, France, Hungary, Poland, Romania, Sweden, Switzerland, and the Netherlands, indicating that the same subtype caused the recent outbreaks throughout Europe.
The high pathogenicity for gallinaceous poultry was
confirmed; intravenous pathogenicity index for 1 isolate
(A/tufted duck/Germany-SH/AR8444/2016) was 2.93,
comparable to the 2.81 index for H5N8 circulating in 2014
(A/turkey/Germany-MV/AR2472/2014). However, deaths
of wild birds of a variety of species, in particular diving
ducks, and extended pathologic changes in dead wild birds
suggested a marked shift of pathogenicity from the viruses
in Germany in 2014 (1).
For genetic characterization, we analyzed virus sequences from several swab samples and the first 2 virus
isolates from dead tufted ducks from Lake Plön and Lake
Constance and compared them with sequences from H5N8positive turkeys and chickens. We found few genetic differences between the analyzed strains from northern and
southern Germany and only slight differences between
sequences generated from wild bird or poultry samples.
This finding clearly contrasts with those of the H5N1 clade
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Figure 1. Highly pathogenic avian influenza A(H5N8) cases
in wild birds and outbreaks in poultry holdings (10 backyard
holdings, 4 zoos or pet farms, and a few commercial operations)
in Germany, November 2016. Circles indicate original locations of
outbreaks and isolates.

2.2 outbreaks in Germany in 2006, which showed similar
distribution (6) but 2 distinct H5N1 northern and southern
subclusters and a difference in timing during the first transcontinental wave; virus was found in Europe in October
2005 but not in Germany until early 2006.
All genome segments of the novel H5N8 clade 2.3.4.4
group B strains from Germany in 2016 differed significantly from the H5N8 clade 2.3.4.4 group A strains detected in 2014–2015 in Germany and other European
countries (1). This finding is in accord with results of
studies suggesting that there was no continued circulation of group A–like viruses among wild birds in the
Netherlands from mid-November 2014 to January 2016
(7). Database searches identified H5N8 clade 2.3.4.4 viruses (first detected in wild birds at the Russia–Mongolia
border at the end of May 2016) as closest relatives. Extended searches confirmed that the isolates from Germany in 2016 described in this study are novel reassortants,
which can be clearly distinguished from the isolates from
634

Table 1. Species of birds affected by highly pathogenic avian
influenza virus A(H5N8), Germany, 2016
Group
Common name (taxonomic name)
Diving ducks
Tufted duck (Aythya fuligula)
Common pochard (Aythya ferina)
Common goldeneye (Bucephala clangula)
Red-crested pochard (Netta Rufina)
Greater scaup (Aythya marila)
Common eider (Somateria mollissima)
Common scoter (Melanitta nigra)
Dabbling ducks
Mallard (Anas platyrhynchos)
Northern pintail (Anas acuta)
Diving birds
Great crested grebe (Podiceps cristatus)
Little grebe (Tachybaptus ruficollis)
Mergansers
Common merganser (Mergus merganserI)
Geese
Greylag goose (Anser anser)
Bean goose (Anser fabalisI)
Canada goose (Branta Canadensis)
White-fronted goose (Anser albifrons)
Pink-footed goose (Anser brachyrhynchus)
Swans
Mute swan (Cygnus olorI)
Black swan (Cygnus atratus)
Whooper swan (Cygnus cygnus)
Gulls
Black-headed gull (Chroicocephalus
ridibundus)
European herring gull (Larus argentatus)
Great black-backed gull (Larus marinus)
Mew gull (Larus canus)
Rails
Common coot (Fulica atra)
Herons
Gray heron (Ardea cinerea)
Birds of prey
Common buzzard (Buteo buteo)
Rough-legged buzzard (Buteo lagopus)
White-tailed eagle (Haliaeetus albicilla)
Cormorants
Great cormorant (Phalacrocorax carbo)
Crows
Carrion crow (Corvus corone)
Domestic birds
Domestic duck (Anas platyrhynchos
domesticus)
Domestic chicken (Gallus gallus domesticus)
Turkey (Meleagris gallopavo)
Zoo birds
Emu (Dromaius novaehollandiae)
Great white pelican (Pelecanus onocrotalus)

Russia–Mongolia in 2016 (e.g., A/great crested grebe/
Uvs-Nuur Lake/341/2016) by 2 segments (Table 2; online
Technical Appendix Figure 2). Six segments (polymerase
basic [PB] 2, PB1, hemagglutinin, neuraminidase, matrix
protein, nonstructural protein [NS]) were highly similar to
those of clade 2.3.4.4 viruses from Russia in 2016 (99% for
each surface protein; Table 2). The NS1 protein of the new
2016 isolate from Germany is truncated (217 aa) compared
with the Russia–Mongolia viruses (230 aa), a truncation
also found in other influenza virus strains. However, the
nuclear export protein is not affected. Of note, the Russia–
Mongolia virus proved to be a novel reassortant from earlier H5N8 clade 2.3.4.4 viruses within group B (Table 2;
Figure 2) (5). These new H5N8 viruses are central Asia
reassortants, which originated from strains circulating in
eastern Asia. Genes of 3 segments (hemagglutinin, neuraminidase, and NS protein) cluster with segments of H5N8
clade 2.3.4.4 group B viruses identified in eastern China;
the other 5 genes (PB1, PB2, polymerase acidic [PA], nucleoprotein [NP], and matrix protein) cluster with avian
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Table 2. Genetic composition of influenza virus A/tufted duck/SH-Germany/R8444/2016 isolated in Germany, 2016*
Genome segment, virus strain
Identity, %
Group
PB2
A/wild duck/Poland/82A/2016 (H5N8)
99
Russia–Mongolia 2.3.4.4
A/duck/Mongolia/30/2015 (H3N8)
97
2016 reassortant
A/duck/Mongolia/118/2015 (H4N6)
97
A/great crested grebe/Uvs-Nuur Lake/341/2016 (H5N8)
97
PB1
A/wild duck/Poland/82A/2016 (H5N8)
99
Russia–Mongolia 2.3.4.4
A/great crested grebe/Uvs-Nuur Lake/341/2016 (H5N8)
99
2016 reassortant
A/duck/Mongolia/179/2015 (H3N8)
97
A/duck/Mongolia/518/2015 (H10N3)
97
PA
A/wild duck/Poland/82A/2016 (H5N8)
100
Central Europe 2.3.4.4
A/mallard/Republic of Georgia/13/2011 (H6N2)
97
2016 reassortant
A/duck/Mongolia/179/2015 (H3N8)
97
A/duck/Hokkaido/W9/2015 (H1N1)
97
A/greylag goose/Iceland/0921/2011 (H6N8)
97
HA
A/wild duck/Poland/82A/2016 (H5N8)
99
Russia–Mongolia 2.3.4.4
A/tufted duck/Denmark/17740–1/2016 (H5N8)
99
2016 reassortant
A/mute swan/Croatia/70/2016 (H5N8)
99
A/great crested grebe/Uvs-Nuur Lake/341/2016 (H5N8)
99
A/duck/Eastern China/S1109/2014 (H5N8)
98
NP
A/wild duck/Poland/82A/2016
99
Central Europe 2.3.4.4
A/mallard/Republic of Georgia/13/2011 (H6N2)
98
2016 reassortant
A/chicken/Netherlands/16007311–037041/2016 (H7N9)
97
A/chicken/France/150169a/2015 (H5N1)
97
A/greylag goose/Iceland/0921/2011 (H6N8)
97
NA
A/wild duck/Poland/82A/2016 (H5N8)
99
Russia–Mongolia 2.3.4.4
A/great crested grebe/Uvs-Nuur Lake/341/2016 (H5N8)
99
2016 reassortant
A/mute swan/Croatia/70/2016 (H5N8)
99
A/duck/Eastern China/S1109/2014 (H5N8)
98
MP
A/wild duck/Poland/82A/2016 (H5N8)
99
Russia–Mongolia 2.3.4.4
A/great crested grebe/Uvs-Nuur Lake/341/2016 (H5N8)
99
2016 reassortant
A/mute swan/Croatia/70/2016 (H5N8)
99
A/duck/Mongolia/179/2015 (H3N8)
98
NS
A/wild duck/Poland/82A/2016 (H5N8)
99
Russia–Mongolia 2.3.4.4
A/great crested grebe/Uvs-Nuur Lake/341/2016 (H5N8)
99
2016 reassortant
A/mute swan/Croatia/70/2016 (H5N8)
99
A/duck/Eastern China/S1109/2014 (H5N8)
99
* Sequences were compared with entries in the GISAID (http://platform.gisaid.org) database. Details and acknowledgments in online Technical Appendix
(https://wwwnc.cdc.gov/EID/article/23/4/16-1949-Techapp1.pdf). HA, hemagglutinin; MP, matrix protein; NA, neuraminidase; NS, nonstructural protein;
NP, nucleoprotein; PA, polymerase acidic protein; PB, polymerase basic protein.

influenza viruses of low pathogenicity, which were identified in Mongolia, China, and Vietnam (5).
The viruses from Germany (2016) further evolved
from the strains from Russia and harbor 2 new segments
(PA, NP). The virus sequences are essentially identical to
sequences from an H5N8 virus isolate found November
2016 in a dead wild duck in Poland near the Germany
border (Table 2) but differ significantly from sequences
of other currently circulating isolates (online Technical Appendix Figure 2). The new PA sequences cluster with sequences of viruses detected in eastern and
central Asia. The NP segment sequences are similar to
those of viruses frequently found in central and northwestern Europe. The PA and NP segments in question
occurred concurrently in different avian influenza viruses

before; namely, in H6N8 strains from Iceland in 2011
(e.g., A/greylag goose/Iceland/0921/2011) and in an
H6N2 isolate from Georgia in 2011 (A/mallard/Republic
of Georgia/13/2011) (Table 2; online Technical Appendix Figure 2). It is reasonable to suggest that the novel
reassortant strain from Germany was generated by >1
reassortment event that occurred during June–November
2016 between central Asia (Mongolia) and central Europe
(Poland/Germany).
Conclusions
A new reassortant influenza A(H5N8) virus is responsible
for the recent HPAIV outbreak in Germany. The observed
differences in pathogenicity for a broad spectrum of waterfowl compared with that of H5N8 viruses from 2014–2015
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H5N8 viruses predominate and have further evolved into 3
distinct subgroups: icA1, icA2, and icA3 (6). We report the
emergence of a group B H5N8 virus in Qinghai Lake, China, a key breeding and stopover site for waterfowl along
the Central Asian Flyway.

In May 2016, a highly pathogenic avian influenza A(H5N8)
virus strain caused deaths among 3 species of wild migratory birds in Qinghai Lake, China. Genetic analysis showed
that the novel reassortant virus belongs to group B H5N8
viruses and that the reassortment events likely occurred in
early 2016.

The Study
On May 1, 2016, the carcass of a brown-headed gull (Larus
brunnicephalus) was found on Egg Islet, a major breeding site of bar-headed geese, in Qinghai Lake. Carcasses of
wild birds were recovered for 15 consecutive days, starting on May 8: 124 bar-headed geese (Anserindicus), 17
brown-headed gulls (Larus brunnicephalus), and 14 great
black-headed gulls (L. ichthyaetus). As of June 4, a total
of 158 birds, most of which were bar-headed geese, were
found dead in Qinghai Lake, predominantly on Egg Islet
(Figure 1; online Technical Appendix, https://wwwnc.cdc.
gov/EID/article/23/4/16-1866-Techapp1.pdf)
In the first 9 days of the outbreak, multiple organs
(brain, intestine, liver, lung, pancreas and kidney) were
collected aseptically from 18 bar-headed geese, 6 brownheaded gulls, and 1 great black-headed gull. We inoculated
10-day-old chicken embryos with the homogenates of these
organs for virus isolation. Almost all organs analyzed were
positive for influenza virus, and we detected only H5- and
N8- subtype-specific strains.
We sequenced full-length genomes and found the
polybasic amino acid sequence, REKRRKR*GL in the
hemagglutinin (HA) cleavage site, confirming the virus can
be classified as highly pathogenic. Sequences of 48 Qinghai Lake H5N8 influenza isolates (QH-H5N8) were deposited into the GISAID database (http://www.gisaid.org)
under accession nos. EPI774110–EPI774510.
Sequence comparisons showed high nucleotide identity among all 8 gene segments of the QH-H5N8 isolates
(>99.2 %; data not shown), indicating that the isolated
strains are descendants of a common ancestral virus. A
BLAST search (https://blast.ncbi.nlm.nih.gov/) suggested
that QH-H5N8 is a reassortant virus (online Technical Appendix Table 1) and that the HA, neuraminidase (NA), and
nonstructural protein (NS) genes of QH-H5N8 share high
nucleotide identity (>99.1%) with those of the H5N8 virus
that circulated among poultry in eastern China in 2014 (A/
duck/Eastern China/S1109/2014[H5N8]). The remaining

S

ince 2003, the A/Goose/Guangdong/1/96 lineage
(Gs/Gd-lineage) of highly pathogenic avian influenza (HPAI) A(H5N1) viruses has been evolving into diverse clades and subclades (1). A novel subclade of HPAI
A(H5N8), 2.3.4.4, which evolved from a clade 2.3.4 H5N1
variant, was initially isolated from domestic ducks in eastern China in 2010 (2) and caused outbreaks in domestic
ducks and migratory birds in South Korea in early 2014
(3,4). In late 2014, several countries in Europe and East
Asia experienced an invasion of HPAI H5N8 virus (5).
This HPAI H5Nx (H5N8, H5N2, and H5N1) lineage subsequently emerged in North America, causing fatalities
among wild birds and outbreaks in domestic poultry (5).
Available evidence strongly suggests that the HPAI
H5N8 subclade 2.3.4.4 viruses were introduced and spread
across the globe by migratory birds (6–8). Currently, 2
distinct H5N8 virus groups have been identified: group A
(Buan2-like) and group B (Gochang1-like) (3). Group A
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Figure 1. Phylogenetic analyses of 594 hemagglutinin (HA) sequences (1,704 nt) from clade 2.3.4.4 H5 influenza viruses. A) HA-coding
sequence subtree from maximum-likelihood phylogenetic analysis of the clade 2.3.4.4 H5 viruses. Colored nodes: blue, Qinghai Lake H5N8
strains (this study); red, Ubsu-Nur Lake H5N8 strains. B) Maximum-likelihood phylogenetic tree of the clade 2.3.4.4 HA-coding sequences,
rooted with A/Goose/Guangdong/1/96(H5N1). Scale bars indicate nucleotide substitutions per site. C) Median-joining phylogenetic network
of the HA-coding gene sequences, including the most parsimonious trees linking the sequences. To simplify the network, nodes with only
one sequence are not shown. Network branch lengths are proportional to the numbers of mutations. icA, intercontinental group A; icA1,
intercontinental subgroup A1; icA2, intercontinental subgroup A2; icA3, intercontinental subgroup A3; icB1, intracontinental subgroup B1.
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internal genes share high nucleotide identity with those of
the low pathogenicity avian influenza (LPAI) viral pool in
waterfowl from Mongolia and other regions (online Technical Appendix Table 1).
Phylogenetic analysis confirmed that the 8 segments
had different origins. In the HA, NA, and NS phylogenetic
trees, the QH-H5N8 virus clustered with H5N8 viruses isolated in late May 2016 from wild waterfowl at Ubsu-Nur
Lake (UN-H5N8), forming a monophyletic cluster (Figure
1, panel A; online Technical Appendix Figure 2, panels D, F,
H). Unlike the H5N8 strains previously described in South
Korea in 2014–2015 (Buan2-like, group A), this cluster fell
within group B (Gochang1-like) H5N8 viruses, forming a
novel subgroup, intracontinental group B (icB1) (Figure
1, panel B; online Technical Appendix Figure 2, panel D).
Neighbor-joining phylogenetic network analysis of the HA
segment of the clade 2.3.4.4 H5 viruses also supported the
finding that the QH-H5N8 and UN-H5N8 strains form a
monophyletic cluster and appear to have evolved independently from group A H5N8 viruses (Figure 1, panel C).
Phylogenetic trees constructed by using sequences
from the internal genes (all but polymerase basic 1 [PB1])

show that QH-H5N8 and UN-H5N8 viruses are closely related to various LPAI viruses circulating in aquatic birds
in Mongolia in 2015. The PB1 gene, however, originated
from various LPAI viruses dispersed across a relatively
large geographic region (East and South Asia) over a long
period (2010–2015) (online Technical Appendix Figure 2).
We used molecular dating to estimate the timing of
the reassortment events that led to the emergence of QHH5N8 (online Technical Appendix Figure 3). The HA, NA,
and NS genes were transferred from domestic waterfowl in
eastern China to wild migratory birds in approximately October 2015, January 2016, and December 2015, respectively (Figure 2; online Technical Appendix Table 2). Other
internal gene segments (except PB1) originated from Mongolian waterfowl during July 2014–January 2016 (Figure
2; online Technical Appendix Table 2, Figure 3). The PB1
segment differs from the other segments, and was transferred from a LPAI virus circulating among waterfowl in
Asia in February 2014 (Figure 2; online Technical Appendix Table 2, Figure 3). Thus, the generation of QH-H5N8
in wild migratory birds appears to have been a complex
process and was likely completed in early 2016 (Figure 2).

Figure 2. Hypothetical evolutionary pathway of influenza (H5N8) viruses from Qinghai Lake, China. Gene segments are colored
according to their origins. Dashed virions indicate unidentified viruses. HA, hemagglutinin; LPAI, low pathogenicity avian influenza; MP,
matrix protein; NA, neuraminidase; NP, nucleoprotein; NS, nonstructural protein; PA, acidic polymerase; PB, polymerase basic.
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Conclusions
We show that a group B H5N8 virus emerged in Qinghai
Lake, China, causing deaths in wild migratory birds. Phylogenetic analysis indicates that the QH-H5N8 virus is the
descendant of an unidentified triple-reassortant strain (Figure 2). The reassortment event may have occurred in waterfowl, and can be traced back to early 2016. However, we
cannot infer the geographic region where the reassortant
virus was generated, because the gene constellation of the
virus originated from different locations.
The absence of domestic poultry in the vicinity of Qinghai Lake strongly suggests that the virus was introduced
to the area by wild birds. The deaths in Qinghai Lake occurred during May−June 2016, which corresponds with the
breeding season for the affected species. In late May 2016,
similar H5N8 strains were detected in wild migratory birds
at Ubsu-Nur Lake, 1,600 km north of Qinghai Lake (9,10).
This finding suggests that the early summer movement of
wild migratory birds from unknown southern sites to northern breeding grounds resulted in the introduction of H5N8
to Qinghai Lake and to Ubsu-Nur Lake, infecting a diverse
population of breeding waterbirds.
Currently, we know of 3 HPAI H5N1 virus clades that
have been introduced to wild migratory birds in Qinghai
Lake, which is located near multiple migratory flyways:
clade 2.2 in 2005 (11,12), clade 2.3.2 in 2009 (13,14), and
clade 2.3.2.1c in 2015 (15). On all 3 occasions, similar viruses were subsequently detected in other regions. Therefore, when wild birds left the breeding location for their
wintering sites in the autumn of 2016, H5N8 virus could
potentially have spread to other regions along the flyway.
HPAI H5N8 viruses have already caused fatalities among
wild birds or poultry in South Asia, Europe, the Middle
East, and Africa (http://www.oie.int/) since late October
2016. Available genetic information shows that H5N8
strains isolated in other countries are highly similar to the
QH-H5N8-like virus, suggesting that the QH-H5N8-like
viruses may have already disseminated to other areas along
the migratory flyways.
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Design Strategies for Efficient
Arbovirus Surveillance
Samuel V. Scarpino, Lauren Ancel Meyers,
Michael A. Johansson
As public health agencies struggle to track and contain
emerging arbovirus threats, timely and efficient surveillance
is more critical than ever. Using historical dengue data from
Puerto Rico, we developed methods for streamlining and
designing novel arbovirus surveillance systems with or without historical disease data.

M

osquitoborne viruses in the families Flaviviridae and
Togaviridae cause substantial illness and death worldwide (1,2). Dengue is the most widespread arboviral disease,
with an estimated 70–140 million cases occurring annually
(3). Despite the large public health and economic costs of arboviruses, effective medical countermeasures are limited (1).
Globally, primary arbovirus prevention and control efforts
include personal protection, mosquito control, and clinical
treatment. The success of these efforts depends on timely and
accurate situational awareness: knowing spatiotemporal patterns of exposure, infection, and severity.
Puerto Rico has an islandwide passive dengue surveillance system similar to those found in other regions with
endemic dengue (4). Healthcare providers (clinics or hospitals) report suspected dengue cases and submit blood samples for laboratory diagnosis. This comprehensive system
captures spatiotemporal variation in incidence and enables
characterization of circulating viruses, but it requires substantial resources and may lack efficiency.
Here, we extend a previous approach (5) to designing
dengue surveillance systems with 4 sets of specific public health objectives: real-time estimation of island-wide
dengue cases, regional dengue cases, island-wide cases of
each dengue virus serotype, and all three preceding quantities combined. Using dengue case data from 1991 through
2005, we identified a surveillance system including a subset of Puerto Rican providers that was expected to achieve
these objectives efficiently and demonstrated the robustness of that system with data for 2006–2012.
Author affiliations: University of Vermont, Burlington, Vermont,
USA (S.V. Scarpino); Santa Fe Institute, Santa Fe, New Mexico,
USA (S.V. Scarpino, L.A. Meyers); University of Texas at Austin,
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The Study
Across Puerto Rico, we analyzed the weekly number of
suspect cases, laboratory-positive cases, and cases of each
serotype reported during 1991–2012. For each case, we
considered the patient’s municipality of residence and the
identity of the reporting provider.
In designing a multipurpose dengue surveillance system,
we sought to identify a small subset of providers that can provide accurate situational awareness. However, it is computationally unfeasible to evaluate all possible combinations of
providers. Our procedure for solving this computational issue
is described in the following sections, with a detailed description in the online Technical Appendix (https://wwwnc.cdc.
gov/EID/article/23/4/16-0944-Techapp1.pdf).
Building from previous research (6), we design surveillance systems by sequentially adding providers that
most improve system performance. To evaluate the performance of a system with respect to an objective, we repeatedly perform the following: fit multilinear models to
historical reported dengue cases, use the fitted models to
estimate dengue cases in another historical time period
(one not used in model fitting), and quantify accuracy by
using the coefficient of determination (R2) resulting from a
linear regression of the estimated on the actual time series.
In each repetition, we used a different combination of training data and testing data, and average all the scores across
repetitions (denoted as Ȓ2). That is, we chose the set of providers that achieved the highest average out-of-sample performance (see, e.g., online Technical Appendix Figure 1).
We compared our results to 3 systems in which providers were selected without historical disease data. Specifically, we selected providers on the basis of the population
within 20 miles of a provider (proposed by Polgreen et al.
[7]), the total number of patients seen (proposed by Mandl
et al. [8]), and the diversity of the municipality of residence
for patients, which does not require that each provider see an
even distribution of patients; rather, providers are incorporated sequentially to achieve geographic complementarity.
We constructed surveillance systems ranging from 1
through 75 providers by using the selection algorithm for
4 objectives: island-wide cases (Island), island-wide cases
for each of the 4 dengue virus serotypes (Serotype), health
region-specific cases for all 8 health service regions (Regional), and all objectives combined (Multi-objective). We
assessed 3 alternative systems: population coverage (Population), patient volume (Volume), and patient geographic
diversity (Diversity). The Multi-objective system reached
99% of maximum accuracy with just 22 providers (online

Emerging Infectious Diseases • www.cdc.gov/eid • Vol. 23, No.4, April 2017

Strategies for Efficient Arbovirus Surveillance

Technical Appendix Figure 2) and performed almost as
well as the systems designed specifically to achieve each
objective individually (Figure 1). The Diversity system
achieved 99%, 92%, and 90% of the performance of the
systems specifically engineered for estimating island-wide,
serotype, and regional cases, respectively, and showed
similar geographic patterns to the Multi-objective system
(online Technical Appendix Figure 3). For individual serotypes and regions, performance was best for objectives
with less sparse data (online Technical Appendix Figure 4).
Finally, we assessed the robustness of the Multi-objective
system, which offered the strongest combination of efficiency

Figure 1. Relative surveillance system performance. The
performance of the 4 optimized surveillance systems (Island,
Regional, Serotype, and Multi-objective) compared with 3
alternative designs (Population, Volume, and Diversity), with
respect to estimating A) island-wide cases, B) serotype-specific
cases, and C) regional cases. Each system contains 22 providers.
Systems are ordered from highest to lowest performance in each
graph. Performance is measured by average out-of-sample across
100 different 3-year periods, resulting from linear regression of
target time series (e.g., island-wide cases) on time series of cases
occurring within the specified surveillance system.

and performance. We tested it against 7 additional years’
worth of data that were withheld from the analysis. The system
performed well for each of the objectives (Figure 2), achieving
average values of 0.86 and 0.78 for surveillance of individual
serotypes and regions, respectively, and 0.97 for surveillance
of island-wide cases. Among individual serotypes and regions, all had values greater than 0.75, except for the Fajardo
region, where cases were particularly sparse.
Conclusions
Surveillance systems are widely used to support public
health efforts, but they are rarely designed systematically to
achieve clear, quantifiable objectives or surveillance goals,
and to do so efficiently. Articulating such public health objectives is a critical first step toward evaluating, improving,
and streamlining surveillance. Here, we applied a rigorous,
quantitative approach to design a dengue surveillance system that efficiently achieves several distinct public health objectives. The method flexibly and robustly maximizes information collected while minimizing the effort required. In this
application, we built a multi-objective system that efficiently
tracks the spatiotemporal patterns of dengue in Puerto Rico.
This system is almost as informative as the systems we optimized to achieve individual objectives, and it maintained
its expected performance on recent data that were withheld
during the design stage.
Although surveillance goals and resources may be
highly specific to the disease threat and region of concern,
the proposed optimization method can be applied broadly
to enhance the detection of infectious disease threats, as
we have shown now for both dengue and influenza (5).
We hypothesize that the systems we designed for dengue
in Puerto Rico may also serve well for other arboviruses
transmitted by Aedes spp. mosquitoes, given their similar
transmission mechanisms and the strong out-of-sample
performance of the system. In some cases, additional data
(e.g., mosquito or nonhuman host surveillance) and public
health goals (e.g., vector density) could be integrated into
the systems. Such data were not available for this study.
For newly emerging arboviruses, when historical data are
not available, systems optimized for similar pathogens may
provide reasonable coverage. Nonetheless, emergence dynamics may have more sporadic and explosive characteristics that may not be captured by a system designed to track
spatiotemporal patterns of an endemic disease.
Public health authorities seek situational awareness at
multiple geopolitical scales as well as early warning of anomalous events across a wide spectrum of biologic threats beyond arboviruses. The method we present can also be used to
redesign existing surveillance systems by manually including
or excluding providers during optimization. Additionally, the
method is well suited to integrating diverse data streams, such
as climatic, mosquito vector, pharmacy, or digital data (9).
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In an era of “right-sizing,” quantitative development
and evaluation are critical to the design, redesign, justification, and benchmarking of surveillance efforts. Given

limited public health budgets on all scales, methods such as
the one we present are critical to the future reliability and
sustainability of infectious disease surveillance.
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Typhus Group Rickettsiosis,
Texas, USA, 2003–2013
Kristy O. Murray, Nicole Evert, Bonny Mayes,
Eric Fonken, Timothy Erickson,
Melissa N. Garcia, Tom Sidwa
We characterized the epidemiology of typhus group rickettsiosis in Texas, USA. During 2003–2013, a total of 1,762
cases were reported to the state health department. The
number of diagnosed cases and geographic expansion increased over time. Physician awareness is critical to diagnose and effectively treat rickettsial infections.

T

yphus group rickettsiosis (TGR) is a fleaborne disease.
In Texas, USA, most infections are attributed to Rickettsia typhi, the causative agent of murine typhus (1). Rare
cases of another TGR, R. prowazekii, have been reported in
south Texas (2).
The established reservoirs of murine typhus are Rattus
spp. rodents; however, opossums are thought to be an important reservoir in peridomestic settings, with the cat flea,
Ctenocephalides felis, as the vector (3–5). Clinical disease
in humans often is characterized by the classical triad of
fever, headache, and rash, although 1 study found that rash
was present in only 54% of cases and only 12.5% had the
classical triad (6). Infections can be severe and potentially
fatal if not treated appropriately (7).
In the United States, Texas reports the most TGR cases annually, and TGR is considered endemic to the southernmost part of the state (8). Since the mid-2000s, public
health authorities have observed an increase in the number
of reported cases and geographic expansion into areas of
the state to which TGR is not considered endemic. Our objective with this study was to characterize the epidemiology of TGR in Texas and identify high-risk geographic and
demographic populations.
The Study
The state of Texas mandates reporting of rickettsial diseases to the Texas Department of State Health Services
(TxDSHS). TxDSHS maintains demographic, clinical, and
environmental data on each case in a database for surveillance purposes. Confirmed cases of TGR were defined as
Author affiliations: Baylor College of Medicine and Texas Children’s
Hospital, Houston, Texas, USA (K.O. Murray, T. Erickson,
M.N. Garcia); Texas Department of State Health Services, Austin,
Texas, USA (N. Evert, B. Mayes, E. Fonken, T. Sidwa)
DOI: http://dx.doi.org/10.3201/eid2304.160958

clinically compatible illness with 1 of the following: 1) >4fold rise in antibody titer by immunofluorescent antibody,
complement fixation, latex agglutination, microagglutination, or indirect hemagglutination antibody between acute
and convalescent specimens; 2) a positive PCR result; 3)
bacterial isolation from a clinical specimen; 4) positive immunofluorescence from tissue; or 5) a single IgM or IgG
titer of >1,024 in the TGR-endemic area of south Texas or
Travis County, beginning in 2007 and 2012, respectively.
Probable cases were defined as clinically compatible illness
and a single serologic titer of >128 by immunofluorescent
antibody, latex agglutination, microagglutination or indirect hemagglutination antibody or a single titer of >16 by
complement fixation.
We analyzed surveillance data on all confirmed and
probable cases reported to TxDSHS during 2003–2013.
Census data from the 2010 national census (9) were used to
derive attack rates for sex, age, and race/ethnicity, as well
as cumulative incidence by county. Statistical estimates
were calculated by using Epi Info version 7.2 (Centers
for Disease Control and Prevention [CDC], Atlanta, GA,
USA). Incidence by county was graphed using MapInfo
version 10.2.5 (Pitney Bowes Software, Troy, NY, USA).
During 2003–2013, a total of 1,762 TGR cases (770
confirmed and 992 probable) were reported. We observed
evidence of increased numbers of cases over time and
expanded geographic locations. We know of no specific
reason that would have prompted physicians to increase
diagnosing or reporting cases. During the study period,
case numbers reported ranged from 27 in 2003 to 222 in
2013 (Figure 1). An average of 102 cases were reported
yearly during 2003–2007, which is less than half (209)
of the average number reported during 2008–2013. As
expected, illness onset peaked in June and July; however, in south Texas (<28°N), 2 peaks occurred: the first
in summer (June and July) and the other in winter (December and January). The reason for this bimodal distribution of cases in south Texas is unknown and requires
further investigation.
TGR cases expanded geographically during the study
period. In 2003, cases were reported from 9 counties in south
Texas. By 2013, cases had been reported from 41 counties
(Figure 2). Cumulative incidence was highest in south Texas; an average of 59.5 cases per 100,000 population were
reported during the study period (Figure 2). Nueces County
in south Texas had the highest cumulative incidence (139.9
cases/100,000 population). One county (Kenedy) in south
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Figure 1. Typhus group rickettsiosis, Texas, 2003–2013. A) Number
of reported cases by year. B) Illness onset by epidemic week during
the study period, by location; <28°N represents south Texas.

Texas reported no cases; this is most likely due to this county’s low population count (416 persons) (10).
The attack rate was slightly higher for female than for
male residents (7.3 vs. 6.7/100,000 population) (Table 1).
Median age of case-patients was 33 years, and the highest attack rate was for 5–19-year-olds (10.4 cases/100,000
population). These findings contrast with a 1980s study of

345 murine typhus case-patients in south Texas for whom
median age was 48 years, and only 5 (1.4%) case-patients
were <11 years of age (6).
Fifty-four percent of case-patients reported fleas in the
home, and 34.0% reported a flea bite before illness onset
(Table 2). The most common animals in the home environment were dogs (67.0%), cats (46.2%), wildlife (42.4%),
and rodents (28.9%); 57.7% of homes had >1 animal.
A total of 1,047 (59.6%) case-patients were hospitalized
(Table 2). The most commonly reported signs and symptoms
were fever (99.7%), headache (77.2%), chills (70.1%), malaise (64.1%), anorexia (52.8%), nausea/vomiting (51.4%),
and myalgias (50.8%). Rash was reported in 42.5% of cases;
children were more likely than adults to have a rash (54.5%
vs. 35.7%; odds ratio 2.2, p<0.001). One third (33.7%) of
case-patients had the classical triad of fever, headache, and
rash, which was higher than the previously reported 12.5%
by Dumler et al. (6). Children were more likely than adults
to have all 3 symptoms (41.1% vs. 29.3%; p<0.001). Four
deaths were reported (0.2% case-fatality rate). The median
age of persons who died was 51.5 years (range 36–55 years).
Identification and reporting of Rickettsia-positive persons is critical to identifying disease outbreaks. Although
TGR is reportable in Texas, our study probably underrepresents the true number of cases because the illness was mild
or not recognized as TGR, the clinical provider did not realize the disease is reportable, or the disease was misclassified (false negative) because specimens were collected too
early after symptom onset (11).
Another potential limitation is the propensity of
cross-reactions with other rickettsial pathogens. We
would expect some degree of serologic cross-reaction

Figure 2. Geographic distribution of typhus group
rickettsiosis, Texas, 2003–2013. A) County-level
cumulative incidence per 100,000 population, 2003–
2013, and spread into new geographic areas beginning
in 2007. B) Incidence stratified by geographic location;
<28°N represents south Texas.
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Table 1. Demographic characteristics and attack rates for typhus
group rickettsiosis, Texas, 2003–2013
Cases, no.
Census
Attack
Characteristic
(%), n = 1,762 population*
rate†
Sex
F
921 (52)
12,673,281
7.3
M
841 (48)
12,472,280
6.7
Race/ethnicity
White, non-Hispanic
429 (24)
11,397,345
3.8
White, Hispanic
1,133 (64)
9,460,921
12.0
Black
23 (1)
2,886,825
0.8
Unknown or other
177 (10)
1,400,470
12.6
Age group, y
<5
40 (2)
1,928,473
2.1
5–19
591 (34)
5,693,241
10.4
20–39
398 (23)
7,194,139
5.5
40–64
575 (33)
7,727,822
7.4
>65
158 (9)
2,601,886
6.1
*Based on 2010 Population Census for Texas.
†Per 100,000 population.

between the 2 pathogens within the TGR group, R. typhi
and R. prowazekii; hence, we collectively call these diagnoses TGR, even though we presume most cases were
attributed to R. typhi infections. Serum reactive to typhus group antigen might cross-react, albeit infrequently
and at a lower titer, to spotted fever group antigen (12).
Finally, until 2015, TxDSHS included in the case definition for a confirmed case a single IgM titer >1,024 in
TGR-endemic areas. This decision was based on CDC’s
criteria for diagnosing spotted fever rickettsiosis (13).
As mentioned by CDC, a single IgM result is not ideal

for diagnosing acute infections due to reduced specificity. Further research is needed to understand the true incidence of TGR in Texas.
Conclusions
We observed increased cases and geographic spread of
TGR in Texas. Our results highlight the importance of
educating the public about flea-bite prevention and raising
physician awareness to identify cases, particularly in children. Further research is needed to better understand the
transmission dynamics between rodents, fleas, and other
potential new reservoir/vector systems and determine risk
factors for infection.
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Table 2. Clinical and environmental characteristics of reported TGR cases, Texas, 2003–2013*
Characteristic
Total, no. (%)
Confirmed case,† no. (%)
Clinical features
Hospitalized
1,047/1,758 (59.6)
473/767 (61.7)
Fever
1,747/1,752 (99.7)
759/764 (99.3)
Headache
1,353/1,753 (77.2)
569/765 (74.4)
Chills
1,228/1,753 (70.1)
511/765 (66.8)
Malaise
1,123/1,753 (64.1)
471/765 (61.6)
Anorexia
925/1,753 (52.8)
399/765 (52.2)
Nausea/vomiting
901/1,753 (51.4)
381/765 (49.8)
Myalgia
890/1,753 (50.8)
388/765 (50.7)
Rash
722/1,700 (42.5)
325/747 (43.5)
Diarrhea
394/1,753 (22.5)
184/765 (24.1)
Photophobia
381/1,752 (21.7)
160/765 (20.9)
Retroorbital pain
266/1,753 (15.2)
121/765 (15.8)
Classical triad (fever, headache, rash)
572/1,697 (33.7)
240/745 (32.2)
Abnormal laboratory findings
Elevated liver function
478/1,751 (27.3)
192/765 (25.1)
Thrombocytopenia
290/1,752 (16.6)
123/765 (16.1)
Environmental findings
Fleas present in home
707/1,310 (54.0)
313/580 (54.0)
History of flea bite
418/1,231 (34.0)
187/538 (34.8)
Rodents present
379/1,312 (28.9)
192/584 (32.9)
Wildlife present
587/1,383 (42.4)
273/617 (44.2)
Dogs present
973/1,452 (67.0)
411/640 (64.2)
Cats present
659/1,427 (46.2)
298/633 (47.1)
>1 species present
844/1,463 (57.7)
371/644 (57.6)

Probable case,‡ no. (%)
574/991 (57.9)
988/988 (100)
784/988 (79.4)
717/988 (72.6)
652/988 (66.0)
526/988 (53.2)
520/988 (52.6)
502/988 (50.8)
397/953 (41.7)
210/988 (21.3)
221/987 (22.4)
145/988 (14.7)
332/952 (34.9)
286/986 (29.0)
167/987 (16.9)
394/730 (54.0)
231/693 (33.3)
187/728 (25.7)
314/764 (41.1)
562/809 (69.5)
361/792 (45.6)
472/816 (57.8)

*Denominators are the number of case-patients for whom the information was available. CF, complement fixation; IFA, immunofluorescent antibody; IHA,
indirect hemagglutination antibody; LA, latex agglutination; MA, microagglutination; TGR, typhus group rickettsiosis.
†A confirmed case was defined as clinically compatible illness with 1) a >4-fold rise in antibody titer by IFA, CF, LA, MA, or IHA between acute and
convalescent specimens; 2) a positive PCR result; 3) bacterial isolation from a clinical specimen; 4) positive immunofluorescence from tissue; or 5) a
single IgM or IgG titer of >1,024 in a TGR-endemic region of south Texas (beginning in 2007) or Travis County (beginning in 2012).
‡A probable case was defined as clinically compatible illness and a single serologic titer of >128 by IFA, LA, MA, or IHA or a single titer >16 by CF.
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Detection and Molecular Characterization
of Zoonotic Poxviruses Circulating in the
Amazon Region of Colombia, 2014
Jose A. Usme-Ciro, Andrea Paredes,
Diana M. Walteros, Erica Natalia
Tolosa-Pérez, Katherine Laiton-Donato,
Maria del Carmen Pinzón, Brett W. Petersen,
Nadia F. Gallardo-Romero, Yu Li,
Kimberly Wilkins, Whitni Davidson,
Jinxin Gao, Nishi Patel, Yoshinori Nakazawa,
Mary G. Reynolds, P. S. Satheshkumar,
Ginny L. Emerson, Andrés Páez-Martínez
During 2014, cutaneous lesions were reported in dairy
cattle and farmworkers in the Amazon Region of western Colombia. Samples from 6 patients were analyzed
by serologic and PCR testing, and results demonstrated
the presence of vaccinia virus and pseudocowpox virus.
These findings highlight the need for increased poxvirus
surveillance in Colombia.

T

he Poxviridae family comprises large double-stranded
DNA viruses that infect a wide range of invertebrate and
vertebrate animals, including humans (1). Many poxviruses, particularly those belonging to the genus Orthopoxvirus
(e.g., vaccinia virus [VACV]) and Parapoxvirus (e.g., pseudocowpox virus [PCPV]), are considered zoonotic viruses
because their infections usually arise from human contact
with infected domestic or sylvatic animal species (2).
Orthopoxviruses (OPXVs) gained considerable attention in the past because variola (smallpox) virus fatally
infected millions of persons worldwide for centuries. However, in 1980, smallpox became the first infectious disease
to be eradicated, resulting from vaccination campaigns
involving several VACV strains (3). VACV has been detected in recurrent zoonotic outbreaks in Brazil, where it
has been categorized into 2 well-defined genetic lineages
Author affiliations: Instituto Nacional de Salud, Bogotá, Colombia
(J.A. Usme-Ciro, A. Paredes, D.M. Walteros, E.N. Tolosa-Pérez,
K. Laiton-Donato, A. Páez-Martínez); Universidad Cooperativa de
Colombia, Santa Marta, Colombia (J.A. Usme-Ciro); Laboratorio
Departamental de Salud de Caquetá, Caquetá, Colombia
(M. del Carmen Pinzón); Centers for Disease Control and
Prevention, Atlanta, USA (B.W. Petersen, N.F. Gallardo-Romero,
Y. Li, K. Wilkins, W. Davidson, J. Gao, N. Patel, Y. Nakazawa,
M.G. Reynolds, P.S. Satheshkumar, G.L. Emerson); Universidad
de La Salle, Bogotá (A. Páez-Martínez)
DOI: http://dx.doi.org/10.3201/eid2304.161041

(4). VACV has also emerged as a zoonotic virus in India
(5). In 2011, VACV infections were found in cattle herds
during active surveillance in Argentina (6). In Colombia,
the most recently reported VACV outbreak in 1965–1966
caused disease in ≈8,570 cows and 150 humans and was
associated with intensified smallpox eradication campaigns
that extended until 1972 (3,7).
Parapoxviruses are emerging zoonotic pathogens that
can cause infections in humans through direct contact with
infected animals, especially domestic and wild ruminants
(1). Among these viruses, bovine papular stomatitis virus,
orf virus, and PCPV are known to cause cutaneous lesions
(2). Although a parapoxvirus outbreak in imported goats
was reported in Colombia in 1983 (8), only Brazil and the
United States have formal evidence of endemic and zoonotic transmission of these viruses (9,10). We describe the
clinical features, serologic and molecular diagnosis, and
phylogenetic analysis of poxviruses circulating along the
Amazon in western Colombia.
The Study
During an active outbreak investigation in February–July
2014, serum and exanthematous lesion samples were collected from 6 patients in the bordering municipalities of
Valparaíso (patients 1–5) and Solita (patient 6) in the
department of Caquetá (Figure 1; Table) in the Amazon Region of Colombia. Archived serum samples collected in December 2012–April 2013 from 11 patients
with exanthematous lesions (from several farms) in the
municipality of Valparaíso who consulted the local hospital were also analyzed (Table). In all patients, the incubation period ranged from 4–7 days, after which nodules on the hands or forearms appeared, along with fever,
lymphadenopathy, and localized pain. Lesions increased
in size and progressed from erythematous macules to papules, vesicles, and pustules that subsequently exhibited
bacterial infection by the fourth week of symptom onset.
By the fifth and sixth week, lesions progressed to scabs
(Figure 1). Lesions appeared mainly in hands with preexisting cuts, abrasions, or other skin barrier defects. Direct contact with lesions from the udders of cattle during
milking was reported by all but 1 patient. Patient 5 was a
24-year-old woman who reported no recent contact with
infected animals, but her husband was a milker who had
exanthematous lesions on his hands 2 weeks before she
displayed symptoms.
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Figure 1. Location of 6 patients with poxvirus infections and photographs of lesions from 3 patients, Colombia, 2014. A) The
municipalities of Valparaíso (residence of patients 1–5) and Solita (residence of patient 6) are 36 km apart in the southwestern region
of the department of Caquetá. Yellow, white, and blue stars denote locations of patients 2, 3, and 4, respectively. Inset shows location
of Caquetá in Colombia. Map source: Departamento Administrativo Nacional de Estadística (http://geoportal.dane.gov.co/). B–D)
Exanthematous lesions on the hands of dairy farm workers depicting the varying sizes of lesions and typical evolution of ulcers. Patient
2 (B) tested positive for vaccinia virus, patient 3 (C) had inconclusive results, and patient 4 (D) was positive for parapoxvirus.

All serum samples were tested by ELISA for OPXV
IgG and IgM as described (11) (online Technical Appendix,
https://wwwnc.cdc.gov/EID/article/23/4/16-1041-

Techapp1.pdf). An ELISA for detecting parapoxvirus-specific antibodies was not available. Fifteen serum samples
were positive for OPXV IgG (Table); 9 were also positive

Table. Orthopoxvirus IgG and IgM antibodies and poxvirus genome detection in lesion and serum samples*
ELISA
Real-time PCR (Ct)
Patient
Age,
Vaccination
no.
Identification no.
Sex
y
status
Municipality
IgG†
IgM‡
VACV
Parapoxvirus
1
2014030600020
F
13
Unvaccinated
Valparaíso Pos (0.176) Pos (0.408)
Pos (21.8)
Neg
2
2014030600021
F
15
Unvaccinated
Valparaíso Pos (0.393) Pos (0.450)
Pos (27.8)
Neg
3
2014030600022
M
46
UNK
Valparaíso Pos (0.327) Pos (1.102)
Inc
Inc
4
2014030600023
M
34
Unvaccinated
Valparaíso Pos (0.166)
Neg
Neg
Pos (36.8)
5
2014042400031
F
24
Unvaccinated
Valparaíso
Neg
Neg
Pos (21.6)
Neg
(POX0001)
6
2014062800100
M
UNK
UNK
Solita
Neg
Neg
Neg
Pos (35.9)
(POX0002)
7
2013050600018
M
26
Unvaccinated
Valparaíso Pos (0.254) Pos (0.898)
Neg
Neg
8
2013050600026
M
52
UNK
Valparaíso Pos (0.213)
Neg
Neg
Neg
9
2013050600019
M
17
Unvaccinated
Valparaíso Pos (0.261) Eqi (0.094)
Neg
Neg
10
2013050600020
M
20
Unvaccinated
Valparaíso Pos (0.384)
Neg
Neg
Neg
11
2013050600021
M
47
UNK
Valparaíso Pos (0.383) Pos (0.632)
Neg
Neg
12
2013050600022
M
18
Unvaccinated
Valparaíso Pos (0.450) Pos (0.202)
Neg
Neg
13
2013050600027
M
27
Unvaccinated
Valparaíso Pos (0.224) Pos (0.243)
Neg
Neg
14
2013050600023
M
24
Unvaccinated
Valparaíso Pos (0.482)
Neg
Neg
Neg
15
2013050600024
F
12
Unvaccinated
Valparaíso Pos (0.272) Pos (0.128)
Neg
Neg
16
2013050600028
M
13
Unvaccinated
Valparaíso Pos (0.451) Pos (0.427)
Neg
Neg
17
2013050600025
M
23
Unvaccinated
Valparaíso Pos (1.651) Eqi (0.029)
Neg
Neg
*Ct, cycle threshold; eqi, equivocal; inc, inconclusive; neg, negative; pos, positive; UNK, unknown.
†OPXV IgG ELISA titers correspond to a 1:100 dilution of the serum sample.
‡OPXV IgM ELISA titers correspond to a 1:50 dilution of the serum sample.
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Figure 2. Phylogenetic characterization
of orthopoxvirus gene A56R and
parapoxvirus gene p37K of viruses
obtained from patient lesion samples
from an outbreak in Colombia, 2014.
Trees were inferred by the neighborjoining method. A) Nucleotide sequences
of the A56R gene (829 bp) of reference
orthopoxvirus strains were aligned and
used for phylogenetic inference. The
evolutionary distances were computed
by using the T92+G model (shape: 0.69).
Vaccinia virus (VACV) groups 1 and 2
are labeled with brackets. B) Nucleotide
sequences of the partial (445 bp) p37K
gene of reference parapoxvirus strains
were aligned and used for phylogenetic
inference. The evolutionary distances
were computed by using the T92+G
model (shape: 0.39). The percentage of
replicate trees in which the associated
taxa clustered together in the bootstrap
test (1,000 replicates) are shown at
the nodes. Diamonds indicate poxvirus
isolates from Colombia. GenBank
accession numbers and further
information on the sequences included
in the analyses are provided in online
Technical Appendix Tables 1, 2
(https://wwwnc.cdc.gov/EID/
article/23/4/16-1041-Techapp1.pdf). Scale
bars indicate nucleotide substitutions
per site. BPSV, bovine papular stomatitis
virus; CPXV, cowpox virus; RPXV,
rabbitpox virus; MPXV, monkeypox virus;
ORFV, orf virus; PCPXV, pseudocowpox
virus; PVNZ, parapoxvirus of red deer in
New Zealand; SPV, sealpox virus; VARV,
variola virus.

for OPXV IgM, which can persist for up to 6 months after
primary infection or vaccination (11). Reliable vaccination
data was not available for these patients; however, on the basis of age, only patients 3, 8, and 11 could have been vaccinated. These 3 patients exhibited detectable OPXV IgG lev-

els, and patients 3 and 11 were also positive for OPXV IgM.
These results suggest that these patients had not been vaccinated and that their lesions were caused by recent OPXV
exposure. Patients 4, 10, and 14 exhibited detectable OPXV
IgG without detectable OPXV IgM. These results suggest
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the patients had previous OPXV infections, given that an
active parapoxvirus infection was demonstrated in patient 4
and vaccination could be ruled out for patients 10 (a 20-yearold) and 14 (a 24-year-old) based on their age.
DNA was extracted from lesion and serum samples by
using the PureLink viral RNA/DNA extraction kit (Invitrogen Inc., Carlsbad, CA, USA) according to the manufacturer’s instructions and amplified by using PCR with generic
and specific poxvirus primers as previously described (online Technical Appendix) (12). OPXV DNA was detected in
lesion samples from patients 1, 2, and 5 (Table). For further
genetic characterization, the A56R (hemagglutinin, 1,134
bp) gene from patients 2 and 5 were amplified by PCR, sequenced (online Technical Appendix), and compared with
reference orthopoxvirus A56R sequences (online Technical
Appendix Table 1). Our phylogenetic analysis confirmed
VACV to be the etiologic agent of infection in these patients
(Figure 2, panel A). The OPXV isolates detected in our samples were related to group 1 (Passatempo, Aracatuba, Muriae, and other strains from Brazil); however, bootstrap score
and branch positioning suggest the strains from Brazil and
Colombia diverged long ago or independently arose.
For parapoxvirus detection and characterization, we
designed generic and degenerate primers to amplify a partial sequence of the p37K (envelope protein B2L, 489 bp)
gene by PCR (online Technical Appendix). Parapoxvirus
DNA was detected in lesion samples from patients 4 and 6
(Table). Nucleotide sequencing and phylogenetic analysis
of the sample from patient 6 showed a close relationship
with previously reported PCPV strains circulating in Brazil
and worldwide (online Technical Appendix Table 2; Figure
2, panel B).
Conclusions
We found OPXV IgG and IgM in serum samples collected
from patients with exanthematous lesions and from those
who had such lesions in the past. Molecular methods allowed for the detection and characterization of VACV (3
patients) and PCPV (2 patients). Lesions caused by poxviruses affected the hands and forearms and disappeared
within weeks without treatment. However, by limiting the
patients’ daily activities, the infections had substantial negative impacts on the economies of dairy farmworkers and
their local communities.
The disease burden of poxvirus infections in Colombia
has not been estimated. However, anecdotal communications
and data suggest it might be a serious and increasing health
problem because farmworkers and healthcare personnel are
not trained to recognize the disease and prevent subsequent
transmission. The rapid spread of poxviruses could be facilitated by farmworkers performing daily milking activities at
several farms and trading cattle. Also, factors such as humanto-human and fomite transmission, a growing susceptible
652

population, and an unknown animal reservoir might increase
the potential risk for infection at the community level. The
serious consequences that poxvirus infections could have on
immunocompromised persons (13), the increased risk for
transmission related to the anatomic site of the lesions (14),
the potential for long-lasting sequelae, and the possibility of
the virus evolving into a more virulent strain (15) could pose
a great threat to individual persons, populations, and public
health systems in the near future.
Studies focused on determining the prevalence of poxvirus infections, risk factors for disease, and the geographic
distribution of poxvirus strains are needed to understand the
disease burden and guide effective prevention and control
measures and educational outreach. Analysis and characterization of VACV and PCPV complete genomes could provide clues to explain their emergence and recent evolutionary histories, and research aimed at identifying the domestic
animal hosts and wildlife reservoirs of poxviruses could further our understanding of their natural transmission cycles.
Dr. Usme-Ciro was the founder of the Unit of Sequencing
and Genomics at the National Institute of Health in Colombia.
His research is focused on molecular virology, specifically on
molecular epidemiology, evolution and emergence of viruses
of public health relevance in Colombia, and the study of viral
determinants of disease severity.
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Reassortment of Influenza A Viruses
in Wild Birds in Alaska before
H5 Clade 2.3.4.4 Outbreaks
Nichola J. Hill, Islam T.M. Hussein,
Kimberly R. Davis, Eric J. Ma, Timothy J. Spivey,
Andrew M. Ramey, Wendy Blay Puryear,
Suman R. Das, Rebecca A. Halpin, Xudong Lin,
Nadia B. Fedorova, David L. Suarez,
Walter M. Boyce, Jonathan A. Runstadler
Sampling of mallards in Alaska during September 2014–
April 2015 identified low pathogenic avian influenza A virus
(subtypes H5N2 and H1N1) that shared ancestry with highly
pathogenic reassortant H5N2 and H5N1 viruses. Molecular
dating indicated reassortment soon after interhemispheric
movement of H5N8 clade 2.3.4.4, suggesting genetic exchange in Alaska or surrounds before outbreaks.

T

he emergence of highly pathogenic avian influenza
(HPAI) A virus subtype H5 of clade 2.3.4.4 in East
Asia followed by spread into North America in 2014 highlights the importance of ecologic interactions along the
Pacific Rim to the incursion of novel viruses. Introduction
of influenza A subtype H5N8 into North America is hypothesized to have occurred through wild bird movement
across the Bering Strait (1,2); the virus then spread through
Canada to the continental United States, concurrently infecting wild birds (ducks, geese, passerines, and raptors)
and poultry (turkeys and chickens) (3). Reassortment of
H5N8 with low pathogenic avian influenza (LPAI) A virus in North America generated 3 subtypes (H5N8, H5N2,
and H5N1, collectively referred to as H5Nx) that followed
different trajectories in local bird populations. HPAI H5N2
became the most widespread in US poultry, prompting the
culling of ≈49 million chickens and turkeys in 15 states (4).
During the outbreaks (November 2014–December 2015),
Author affiliations: Massachusetts Institute of Technology,
Cambridge, Massachusetts, USA (N.J. Hill, I.T.M. Hussein,
K.R. Davis, E.J. Ma, W.B. Puryear, J.A. Runstadler); University of
Alaska Fairbanks, Alaska, USA (T.J. Spivey); US Geological
Survey, Anchorage, Alaska, USA (T.J. Spivey, A.M. Ramey);
Vanderbilt University Medical Center, Nashville, Tennessee, USA
(S. Das); J. Craig Venter Institute, Rockville, Maryland, USA
(R.A. Halpin, X. Lin, N.B. Fedorova); US Department of
Agriculture, Athens, Georgia, USA (D.L. Suarez); University of
California, Davis, California, USA (W.M. Boyce)
DOI: http://dx.doi.org/10.3201/eid2304.161668
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surveillance efforts increased; consequently, later stages
of the epidemic were better characterized (5,6) relative to
the beginning. Analysis of wild bird viruses from Alaska
preceding outbreaks remains one of the few avenues for
elucidating how H5N8 entered and reassorted with North
American lineage viruses.
Our sampling of mallards (Anas platyrhynchos) from
urban ponds in Anchorage, Alaska, during September
2014–April 2015 identified LPAI H5N2 and H1N1 (online
Technical Appendix Figure 1, Table 1, https://wwwnc.cdc.
gov/EID/article/23/4/16-1668-Techapp1.pdf). These viruses were the closest relatives for 4 of the 8 North American
segments that contributed to the H5Nx reassortants based
on the time of most recent common ancestry (tMRCA)
analysis (online Technical Appendix Figures 2–12). All
North American segments of the H5N2 reassortant (basic
polymerase protein 1, nucleoprotein, and neuraminidase)
shared most recent common ancestry with LPAI H5N2
that circulated in Anchorage mallards and a concurrently
sampled wild bird population at Izembek National Wildlife
Refuge in western Alaska (1) (online Technical Appendix
Figures 3, 5, 8, 9). Molecular dating indicated reassortment
of H5N8 and LPAI H5N2 (or precursors) shortly after the
interhemispheric movement of H5N8. We estimated that
ancestors of the H5N2 reassortant emerged among wild
birds in Alaska during August 2013–May 2014, based
on tMRCAs of multiple segments (Figure 1, panel A),
followed by emergence of the H5N2 reassortant during
May–September 2014. Our analysis refines the hypothesis of Beringia introduction (1,2) by indicating that H5N8
reassorted with viruses shed by waterfowl in Alaska (or
nearby high latitudes) shortly after introduction into North
America (May 2014–October 2014, 95% highest posterior
density January 2014–January 2015) (Figure 1, panel A).
Accuracy of molecular dating hinges on the availability of
virus sequences from relevant hosts, which were lacking
from North American poultry and wild birds during the
year preceding outbreaks (Figure 1, panel B). Our sampling
was fortuitous, being one of the few in Alaska conducted
before the outbreaks, underscoring the importance of routine sampling where interhemispheric mixing of viruses occurs with high frequency.
The rapid reassortment of H5N8 clade 2.3.4.4 within
North America is premised on the movement of at least a
single infected bird across the Bering Strait followed by
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Figure 1. Molecular dating of the emergence of H5 clade 2.3.4.4 influenza A virus in Eurasia and North America and concurrent trends
in surveillance effort. A) Events contributing to the evolution of H5 clade 2.3.4.4 estimated using multiple influenza segments. Time of
most recent common ancestry (indicated by a black circle) is size-scaled by the posterior probability (0.0–1.0), and the 95% highest
posterior density is color-coded by lineage. Gray shading indicates time of most recent common ancestry of multiple segments with a
posterior probability >0.85. B) Surveillance effort estimated by the number of hemagglutinin sequences (high and low pathogenicity)
available in the Influenza Research Database (https://www.fludb.org). Black bars indicate surveillance effort for H5 clade 2.3.4.4; white
bars indicate surveillance effort for other clades. M, matrix gene; N2, neuraminidase 2 gene; NP, nucleoprotein gene; PA, polymerase
acidic, PB1, basic polymerase protein 1 gene; PB2, basic polymerase protein 2 gene; tMRCA, time of most recent common ancestry.

infection of a host population at high latitude. Interhemispheric movement during spring 2014 (or earlier) is most
plausible given the circulation of the Eurasian ancestor of
North American clade 2.3.4.4 during December 2013–May
2014 (95% highest posterior density October 2013–January 2015) (Figure 1, panel A), an event that preceded introduction. The presence of overwintering birds in Alaska,
a known area for influenza exchange between East Asia
and North America (7,8), might enhance opportunities
for viruses originating in Eurasia to reassort with LPAI
in local bird populations. Mallards from this study are a
prime example of an overwintering population, occupying
urban ponds that remained thawed because of human activity, which allows some birds to remain in southcentral
Alaska from September through April, when many migratory waterfowl have since flown south. We found evidence

that LPAI H5N2 shed by overwintering mallards from
Anchorage (south-central Alaska) and wild birds from
Izembek (western Alaska) were highly related and formed
monophyletic clades (online Technical Appendix Figures
5, 6, 8–10). This provided evidence of regional dispersal
of LPAI in Alaska concurrent with the proposed timing of
H5N8 introduction and reassortment.
Anchorage mallards shed viruses that shared ancestry
with 2 of 4 North American segments (basic polymerase
protein 1 and nonstructural) of the H5N1 reassortant (online Technical Appendix Figures 2, 5, 12). Emergence of
the H5N1 reassortant probably occurred after July 2014
(Figure 1, panel A), after the H5N2 reassortant emerged.
Molecular dating of tMRCA of H5N8 reassortants was
confounded by long branch lengths of parental lineages indicative of unsampled ancestors; however, estimates based
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Figure 2. Spatial and temporal distribution of H5 clade 2.3.4.4 influenza A virus outbreaks among wild birds and poultry across North
America. A) Spatial distribution of H5 clade 2.3.4.4 influenza A virus outbreaks in wild birds (triangles) and poultry (circles) across North
America, color-coded by subtype, relative to poultry density. The location of mallards from Anchorage, Alaska, based on resighting of
banded birds, is indicated. B) Temporal distribution of H5 clade 2.3.4.4 influenza A virus detections during the course of the outbreaks
relative to the migration of mallards banded in Anchorage.

on 2 segments suggest emergence after October 2014. The
H5N1 and H5N8 reassortants possessed a highly similar
polymerase acidic segment (online Technical Appendix
Figure 6), suggesting a similar evolutionary trajectory of
the two subtypes that later diverged. Our tMRCA estimates for H5N1 are consistent with reassortment during or
after the breeding season for mallards in Alaska followed
by southward dispersal along the Pacific Flyway during
autumn (Figure 2). These results suggest that H5N1 is a
multiple reassortant that acquired PB1 and NS segments in
Alaska (or surrounds) followed by polymerase acidic and
neuraminidase 2 from different host populations before detection in Washington (9) and Oregon (4) in early 2015.
Arrival of mallards banded in Anchorage at the highdensity poultry region of the Fraser Valley, British Columbia, Canada, in November 2014 is compatible with the
chronology of evolution and subsequent detection of the
H5Nx subtypes (Figure 2). The migration chronology of
banded mallards might be broadly representative of other
dabbling duck species that breed in Alaska, such as the
American green-winged teal (Anas carolinensis), American wigeon (Anas americana), and northern pintail (Anas
acuta), in which H5Nx was detected at lower latitudes.
Consequently, mallards and other waterfowl species probably were involved in the southward dispersal and reassortment of H5Nx followed by spillover to poultry. Observations of wild birds congregating at water bodies on poultry
farms in the Fraser Valley support the scenario of indirect
transmission from migratory birds to poultry, seeding outbreaks at lower latitudes (10). Later divergence of H5N2
656

into multiple lineages during May–November 2014 (online
Technical Appendix Figure 8) implies that outbreaks were
seeded by different H5N2 strains, although the mode of dispersal through wild bird migration, farm-to-farm poultry
movement, or poultry workers remains unclear.
Since introduction of HPAI H5 of clade 2.3.4.4 into the
Pacific Northwest in late 2014, little evidence exists for additional reassortment, despite continued spread of H5N2 and
H5N8 until late 2015 (Figure 2, panel B). Lack of further
reassortment implies a change from wild bird–mediated dispersal to intermittent spillover between wild birds and poultry or indirect transmission among poultry farms via fomites, wind, or other undetermined vectors. The spatiotemporal
pattern of outbreaks in wild birds and poultry appeared correlated during this later phase (Figure 2, panel B). Correlation might be a function of outbreak investigation procedures
that require concurrent sampling of poultry and wild birds
inhabiting the control zone. However, our phylogenetic
analysis lends support for frequent spillover given that lineages of H5Nx were mixed by host, rather than poultry and
wild birds clustering separately (online Technical Appendix
Figures 4–12). Our analysis and the August 2016 detection
of HPAI H5N2 in mallards from Fairbanks, Alaska (11), an
area lacking commercial poultry, implicates waterfowl as
playing an important role in reassortment, spread, and possibly long-term circulation of H5Nx viruses.
This study was supported by the National Institutes of Health
Center of Excellence in Influenza Research and Surveillance
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Incidence and Characteristics of Scarlet Fever,
South Korea, 2008–2015
Duck Woong Park, Sun-Hee Kim,
Jung Wook Park, Min-Ji Kim, Sun Ju Cho,
Hye Jung Park, So Hyang Jung, Mi Hee Seo,
Yong Seok Lee, Byung Hee Kim, Hyeran Min,
Su Ya Lee, Dong Ryong Ha, Eun Sun Kim,
Yeongjin Hong,1 Jae Keun Chung1
The incidence rate for scarlet fever in South Korea is rising. During 2008–2015, we collected group A Streptococcus isolates and performed emm and exotoxin genotyping
and disk-diffusion antimicrobial tests. Scarlet fever in South
Korea was most closely associated with emm types emm4,
emm28, emm1, and emm3. In 2015, tetracycline resistance
started increasing.

investigations of GAS infections (7). The incidence of these
infections is closely related to variations in the predominance of certain emm types (7). speA and speC, which are
2 of 11 genes encoding for superantigens found in GAS,
are often associated with scarlet fever (8). Our objective
was to identify the overall trend in the annual incidence and
characteristics of scarlet fever in South Korea by studying
its upsurge in Gwangju, South Korea, because incidence
during the past 8 years was highest for this city (https://
is.cdc.go.kr/dstat/index.jsp).

Author affiliations: Health and Environment Research Institute of
Gwangju, Gwangju, South Korea (D.W. Park, S.-H. Kim,
J.W. Park, M.-J. Kim, S.J. Cho, H.J. Park, S.H. Jung, M.H. Seo,
Y.S. Lee, D.R. Ha, E.S. Kim, J.K. Chung); Mirae Children’s
Hospital (NamGu), Gwangju (B.H. Kim); Jungang Children’s
Hospital, Gwangju (H. Min); Yesarang Pediatric Clinic, Gwangju
(S.Y. Lee); Chonnam National University Medical School,
Gwangju (D.W. Park, Y. Hong)

The Study
The incidence of scarlet fever in the Gwangju metropolitan area is the highest among all South Korea cities (61.5
cases/100,000 persons); according to the Korean Disease
Web Statistics System, the national incidence from 2008
through 2015 was 36.9 cases/100,000 persons (https://
is.cdc.go.kr/dstat/index.jsp). Incidence of scarlet fever in
South Korea began to increase in 2011 (Figure 1, panel A),
coinciding with an outbreak of scarlet fever in China and
Hong Kong. Scarlet fever mainly occurs during the late
fall, winter, and early spring. Our study results indicate that
the incidence of scarlet fever in South Korea peaks in the
winter; however, it also peaked in the summers of 2011 and
2015 (Figure 1, panel B).
During 2008–2015, we collected 1,460 pharyngeal
swab samples from patients suspected of having scarlet fever from 8 major hospitals in the Gwangju metropolitan
area. We tested the β-hemolytic isolates for susceptibility
to bacitracin (0.04 U) and for streptococcal grouping; a total of 705 samples were positive for GAS.
Because variation in the circulating emm types could
contribute to the incidence of disease and changes in the
epidemiology of scarlet fever, we determined the emm sequence type for the 705 samples by using a standard protocol (https://www.cdc.gov/streplab/protocol-emm-type.html)
(2). A total of 11 different emm sequence types were identified (Figure 2, panels A and B). emm4 (35.6%, 251/705) was
the most predominant. The other 3 predominant emm types
were emm28 (14.8%, 104/705), emm1 (14.5%, 102/705),
and emm3 (11.6%, 82/705), and these 4 emm types accounted for ≈76.5% (539/705) of all isolates. These results
differed from those of previous studies in mainland China
and Hong Kong, where the outbreaks of scarlet fever were
caused mainly by emm12 (2,3). Our results showed that

DOI: http://dx.doi.org/10.3201/eid2304.160773

1

S

carlet fever is a common disease caused by group A
Streptococcus (GAS; also known as Streptococcus pyogenes). In the Far East and the United Kingdom, the incidence of scarlet fever has been increasing since 2008 (1–3),
and according to the Infectious Disease Statistics System of
Korea, the incidence rate for scarlet fever in South Korea
increased from 0.3 cases/100,000 persons in 2008 to 13.7
cases/100,000 persons in 2015 (https://is.cdc.go.kr/dstat/
index.jsp).
Several antimicrobial drugs, including β-lactams and
tetracyclines, effectively treat scarlet fever, and macrolides
and lincosamides can be used in patients with penicillin
(β-lactam) allergy (4,5). However, resistance to erythromycin and clindamycin has been reported for GAS isolates
in mainland China and Hong Kong, China (2,3). The streptococcal M protein and exotoxins are 2 of several virulence
factors in GAS (6). The streptococcal M protein is a long
fimbrial adhesion protein encoded by >220 M protein gene
sequence types (emm types). Because of the high genetic
variability of emm, which varies by geographic region, molecular emm genotyping is mandatory for epidemiologic
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emm3 in 2011 (the year incidence began increasing in South
Korea) and emm1 and emm28 in 2015 (the year of a sharp
increase in incidence) played major roles in the epidemics in
the Gwangju metropolitan area (Figure 2, panel A). To our
knowledge, emm3 has not been reported to be prevalent in
other Asian countries but has been associated with scarlet
fever in the United Kingdom (9).
Scarlet fever is a toxin-mediated disease (10). Therefore, we tested all isolates for the presence of the speA and
speC genes by using PCR and previously reported primer
pairs and reaction conditions (8). We found isolates that
harbored speA (57/705, 8.1%), speC (249/705, 35.3%),
and both (3/705, 0.4%). The exotoxin gene detection rate
differed by emm gene type. The isolates positive for speA
were predominantly emm1 (56.1%, 32/57) and emm28
(28.1%, 16/57); the other emm types made up only 15.8%
(9/57). When we examined the reverse association, 31.4%
(32/102) of emm1 isolates and 15.4% (16/104) of emm28
isolates were positive for speA; in contrast, only 1.8%
(9/499) of the other emm types were positive for speA. The

Figure 1. Incidence of scarlet fever in Gwangju, South Korea,
2008–2015. A) The number of cases per 100,000 persons in
Gwangju and South Korea. B) Distribution of cases by month of
each year.

main emm types identified in the speC-positive isolates
were emm4 (68.7%, 171/249), emm75 (10.8%, 27/249),
and emm28 (6.4%, 16/249); 68.1% (171/251) of emm4,
67.5% (27/40) of emm75, and 15.4% (16/104) of emm28
isolates were positive for speC. Only 11.3% (35/310) of the
other emm types were positive for speC. Therefore, speA
and speC exotoxin genes were more prevalent in bacteria
of certain emm types (p<0.01).

Figure 2. emm type characterization of group A Streptococcus
isolates from patients with scarlet fever, Gwangju, South Korea,
2008–2015. A) Annual fluctuations of emm types. Number of isolates
by year: 7 in 2008, 11 in 2009, 9 in 2010, 66 in 2011, 74 in 2012, 147
in 2013, 107 in 2014, and 284 in 2015. B) Total number of isolates by
emm type. Others refers to rarely found emm types (emm11, emm13,
emm17, emm23, emm26, emm30, emm31, emm43, emm49,
emm59, emm81, emm82, emm87, emm101, emm107, emm131,
emm135, emm161, emm163, emm174, emm183, emm196,
emm203, emm204, emm227, emm236, and emm241).
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GAS remains universally susceptible to β-lactams and
glycopeptides. However, the rates of resistance against the
macrolides and lincosamides used in penicillin-allergic
patients have increased (11). We performed susceptibility
tests by using the disk-diffusion method as recommended
by the Clinical and Laboratory Standards Institute (12).
For all samples collected 2008–2015, the antimicrobial
agents chloramphenicol, tetracycline, erythromycin, and
clindamycin were tested. Resistance to antimicrobial
drugs was detected in 9.1% (64/705) of isolates: 0.3%
of the isolates (2/705) showed resistance to chloramphenicol, 7.0% (49/705) to tetracycline, 3.0% (21/705) to
erythromycin, and 2.8% (20/705) to clindamycin (Table).
In some isolates, antimicrobial drug resistance is tightly correlated with specific emm types (13). Resistance to
erythromycin, clindamycin, and tetracycline is common
in bacteria with the emm28 gene. In our study, 18/104
(17.3%) isolates that harbored emm28 were resistant to
erythromycin, clindamycin, or tetracycline (p<0.01). Of
all emm types, emm28 accounted for 71.0% (44/62) of all
cases of resistance to these 3 antimicrobial drugs. In our

study, 16/44 isolates harboring emm28 showed resistance
to >2 antimicrobials. emm28 isolates in France were also
found to be associated with multidrug resistance (13,14).
Furthermore, in 2015, we found sharp increases in intermediate tetracycline resistance mainly in isolates harboring
emm1 (57.9%, 22/38). Tetracycline resistance associated
with emm12 and emm1 isolates was also found in scarlet
fever patients in Hong Kong and China (3,15).
This study has a limitation. We collected samples
from only 1 city in South Korea, the Gwangju metropolitan
area. Because of the genetic diversity of GAS, our results
should not be applied to other countries, even those nearby.
However, we do believe that our data are representative of
South Korea.
Conclusions
In 2011, rapid increases in the incidence of scarlet fever in
South Korea, as well as China and Hong Kong, reflected the
beginning of a pandemic in Asia. However, the emm types
contributing to disease differed from country to country.
emm4, emm28, emm1, and emm3 were the most common

Table. Characterization of antimicrobial drug resistance according to emm types in Gwangju, South Korea, 2008–2015*
emm type
Year, antimicrobial drug
emm1
emm4
emm12
emm28
Others
Total
2008
Tetracycline
–
1†
–
–
–
1†
2009
Erythromycin
–
–
–
2
–
2
Clindamycin
–
–
–
2
–
2
Tetracycline
–
–
–
1
–
1
2010
Erythromycin
–
–
–
1
–
1
Clindamycin
–
–
–
1
–
1
2011
Erythromycin
–
1
–
1
1†
1/3†
Clindamycin
–
1
–
1
–
2
Tetracycline
–
–
–
1
–
1
2012
Erythromycin
–
–
–
1
–
1
Clindamycin
–
1
–
1
–
2
Tetracycline
–
1
–
–
–
1
2013
Chloramphenicol
1
–
–
–
–
1
Erythromycin
1
–
–
2
1†
1/4†
Clindamycin
–
1
–
2
–
3
Tetracycline
–
1
–
1
–
2
2014
Chloramphenicol
–
–
1†
–
–
1†
Erythromycin
–
–
–
4
–
4
Clindamycin
–
–
–
4
–
4
Tetracycline
–
1†
–
4
–
1/5†
2015
Erythromycin
–
–
1
5
–
6
Clindamycin
–
–
1
5
–
6
Tetracycline
22/23†
–
1
2/7†
5/7†
29/38†
Isolates, % (no./total)
24.5% (25/102) 3.2% (8/251) 10.8% (4/37) 17.3% (18/104)‡ 4.3% (9/211) 9.1% (64/705)
p value
<0.01
<0.01
<0.01
*Dashes indicate no isolates were drug resistant.
†Intermediate resistance. With fractions, the numerator indicates the number of isolates with intermediate resistance, and the denominator indicates the
total number of resistant isolates.
‡Numbers in column do not add up to 18 (the number of isolates) because of multidrug resistance.
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emm types associated with scarlet fever in South Korea.
Antimicrobial drug resistance in GAS in South Korea is
closely associated with emm28, and resistance to tetracycline (observed emerging in 2015) is associated with type
emm1. However, further studies are necessary to characterize the circulating strains and to control and prevent the
further spread of scarlet fever.
This study was supported by the infectious disease surveillance
project from the Health and Environment Research Institute of
Gwangju and the Korea National Institute of Health, South Korea.
Mr. D.W. Park works as a researcher in the Health and Environment Research Institute of Gwangju, Gwangju, South Korea. He
is a doctoral candidate studying medicine at Chonnam National
University Medical School, Gwangju, South Korea. His primary
research interests are human infectious diseases, especially
respiratory diseases.
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Markers of Disease Severity in
Patients with Spanish Influenza in the
Japanese Armed Forces, 1919–1920
Koichiro Kudo, Toshie Manabe,
Shinyu Izumi, Jin Takasaki, Yuji Fujikura,
Akihiko Kawana, Kenji Yamamoto
We examined preserved medical charts of 470 Spanish influenza patients (8 with fatal cases) hospitalized at former
army hospitals in Japan during 1919–1920. The following
factors were associated with longer periods of hospitalization: adventitious discontinuous lung sounds, maximum respiration rate, continuation of high fever after hospital admission, and diphasic fever.

T

he first and second waves of the Spanish influenza pandemic in Japan affected ≈21 million persons (257,000
deaths) and 2 million persons (127,000 deaths), respectively (1). Although available clinical techniques and treatment options for Spanish influenza patients were limited
in this era, charts showing detailed records of lung sounds
and fever exist and can be used to infer disease severity in
affected persons. We aimed to identify physical features,
including respiratory sounds, that might be associated with
disease severity among patients in Japan who were affected
by Spanish influenza during 1919 and 1920.
The Study
We analyzed medical charts preserved at the former First
Army Hospital in Tokyo, Japan, and other affiliated hospitals. We previously described the clinical features of Spanish influenza among patients who were hospitalized at several study sites (2). Recently, additional records of patients
affected by the second wave of disease during 1919–1920
were discovered, and these patients were the subjects of
this study.
A total of 470 patients hospitalized during January
1919–January 1920 and diagnosed with Spanish influenza
Author affiliations: Koto Hospital, Tokyo, Japan (K. Kudo); Waseda
University Organization for Regional and Inter-regional Studies,
Tokyo (K. Kudo, T. Manabe); Teikyo University School of Medicine,
Tokyo (T. Manabe); Tsukuba University Graduate School of
Comprehensive Human Sciences, Ibaraki, Japan (T. Manabe);
National Center for Global Health and Medicine, Tokyo (S. Izumi,
J. Takasaki, K. Yamamoto); National Defence Medical College,
Saitama, Japan (Y. Fujikura, A. Kawana); So-Yu Medical
Foundation Institute of Medicine, Tokyo (K. Yamamoto)
DOI: http://dx.doi.org/10.3201/eid2304.152097
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(as “epidemic cold” or “pneumonia due to epidemic cold”)
fit the criteria for inclusion in the study. All patients were
male soldiers or officers in the military of Japan. We collected data concerning patients’ general background and
physical assessments, including lung sounds and fever
charts. Among all patients, 8 (2%) died. We divided the
patients who survived (n = 462, 98%) into 3 groups on the
basis of hospitalization length: <10 days (28%), 11–20
days (34%), and >21 days (36%); we compared variables
among the 3 groups. High fever was defined as a body temperature >38°C, and diphasic fever was defined as a body
temperature >38°C after the initial fever had decreased to
<37.5°C. Data on adventitious lung sounds collected during the hospitalization period were classified (on the basis
of international classifications) as continuous, discontinuous, bronchial on the chest wall, and friction rub sounds
(3). The study was approved by the Institutional Review
Board of the National Center for Global Health and Medicine, Tokyo, Japan.
Of the 8 patients who died, 6 died within 10 days of
hospital admission. Median length of hospitalization was 7
days for nonsurvivors and 16 days for survivors. The proportion of patients with audible adventitious lung sounds
was significantly higher among those hospitalized for >21
days and among those who did not survive (Table 1). Factors associated with the length of hospitalization in survivors (identified by using a Cox hazard proportional model)
included diphasic fever, >6 days of continuing high fever
from admission, a maximum respiration rate >26 breaths/
min, and adventitious discontinuous lung sounds (Table 2).
Conclusions
The length of hospitalization of patients with acute infectious diseases, including Spanish influenza, is associated
with disease severity. Otherwise healthy soldiers who became patients during the second wave of Spanish influenza
in Japan during 1919–1920 were severely affected. Adventitious discontinuous lung sounds, rapid respiration rate,
and time-course of fever reflected disease severity during
the pandemic. Patients who were severely affected had
mainly fulminating fatal cases or experienced secondary
bacterial pneumonia.
Severe disease associated with the recent pandemic
caused by influenza A(H1N1)pdm09 virus can be attributed
to viral pneumonia, superimposition of bacterial pneumonia,
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Table 1. General characteristics and clinical findings of patients with Spanish influenza during hospitalization, Japan, 1919–1920*
Survivors, by hospitalization length, n = 462
Nonsurvivors,
Characteristic/clinical feature
n=8
<10 d, n = 131 11–20 d, n = 161 >21 d, n = 170 p value†
Median age, y (IQR)
22 (21–23)
22 (21–28)
21 (20– 27)
21 (20–22)
<0.001‡
Time from onset to first visit, median d (IQR)
2 (1 – 3)
1 (1–1)
1 (0 – 1)
1 (1–2)
0.081‡
Hospitalization, median d (IQR)
8 (6–9)
15 (13 – 17)
32 (25–40)
<0.001‡
7 (6 14)
Duration of high fever from admission, median d
7 (5–14)
3 (2–4)
7 (5 – 8)
10 (7–18)
<0.001‡
(IQR)
>6 d, no. (%)
6 (75.0)
12 (9.2)
91 (56.5)
123 (72.8)
<0.001§
Maximum respiration rate during hospitalization,
53 (45–60)
24 (21–26)
25 (24–30)
29 (25–33)
<0.001‡
median (IQR)
8 (100.0)
10 (16.4)
34 (39.5)
74 (65.5)
<0.001§
26 breaths/min., no. (%)
Diphasic fever, no. (%)
0
12 (9.2)
51 (31.7)
111 (65.7)
<0.001§
Adventitious lung sounds, no. (%)
Discontinuous
8 (100.0)
45 (34.4)
96 (59.6)
141 (82.9)
<0.001§
Continuous
8 (100.0)
75 (57.3)
121 (75.2)
144 (84.7)
<0.001§
Bronchial sounds on chest wall
5 (62.5)
7 (5.3)
13 (8.1)
27 (15.9)
0.002¶
Friction rub
2 (25.0)
2 (1.5)
6 (3.7)
21 (12.4)
<0.001¶
Clinical symptoms, no. (%)
Upper respiratory tract#
7 (87.5)
126 (96.2)
155 (96.3)
157 (92.4)
0.071§
Dyspnea/tachypnea
8 (100.0)
108 (82.4)
144 (89.4)
159 (93.5)
0.003§
Gastric intestinal
5 (62.5)
26 (19.8)
41 (25.5)
61 (35.9)
0.001§
Psycho/mental**
7 (87.5)
121 (92.4)
150 (93.2)
153 (90.0)
0.273§
*High fever, body temperature of >38°C; diphasic fever, body temperature >38°C at a time after the initial fever had decreased to <37.5°C. IQR,
interquartile range;
†p values were calculated for the 3 groups on days of hospitalization of survivors (<10 d, vs 11 – 20, vs >21 d).
‡By Kruskal-Wallis test.
§By 2 test.
¶By Fisher exact test.
#Upper respiratory tract symptoms were cough, sputum, and wheezing.
**Psycho/mental denotes psychological and mental disturbances, including anxiety, irritation, delirium, and confusion.

or other underlying conditions (4–6). Similar factors were
likely responsible for severe disease associated with Spanish
influenza, despite differences in the viruses themselves and
available medical interventions. Therefore, viral pneumonia,
superimposed bacterial pneumonia, and underlying conditions were likely associated with the length of hospitalization of our study subjects. Of the patients hospitalized for
>21 days, 159 (93.5%) had severe respiratory symptoms,
123 (72.8%) experienced >6 days of continuous high fever,
and most variables examined in this study were significantly
higher in accordance with the longer days of the hospitalization group (Table 1). The cause of Spanish influenza was unknown at the time, but viral pneumonia may have developed
in the early stages of infection among some patients (7–9).
Viral pneumonia cannot be easily resolved without antiviral
agents, as observed among patients with A(H1N1)pdm09
virus infection (10,11). Another potential explanation for
an extended period of high fever is that time is required for
eliminating the virus from the body (5).
Among the survivors, the respiration rate for patients
hospitalized for >21 days was significantly higher than

that of those who required shorter hospital stays (p<0.001)
(Table 1). In addition, a high respiration rate was a risk
factor for a lengthy hospital stay (Table 2). According to
current medical practice, respiration rate is one of the consistent indicators for CURB-65 (a clinical prediction rule
that has been validated for predicting mortality in community-acquired pneumonia by the British Thoracic Society
[12]) and for severity on the pneumonia severity index of
the American Thoracic Society/Infectious Disease Society
of America (13).
Auscultation of the lungs remains the most useful
examination technique for assessing airflow through the
tracheal-bronchial tree. Patients with adventitious sounds
experienced a longer hospital stay (Table 1). Adventitious discontinuous sounds were a significant risk factor
for a lengthy hospitalization (Table 2), suggesting that
pneumonia had developed in these patients. Additionally,
bronchial sounds, rather than vesicular sounds audible at
the chest wall, of the study patients suggest more severe
pathophysiologic lung conditions such as severe pneumonia, pulmonary infarction, pulmonary massive bleeding,

Table 2. Risk factors for length of hospitalization among 462 Spanish influenza survivors determined by the Cox proportional hazards
model, Japan, 1919–1920*
Risk factor
Hazard ratio (95% CI)
p value
Diphasic fever
1.73 (1.33–2.25)
<0.001
≥6 d of high fever from admission
1.70 (1.29–2.25)
<0.001
≥26 breaths/min on maximum respiration rate
1.57 (1.19–2.06)
<0.001
Adventitious discontinuous lung sounds
1.56 (1.17–2.07)
<0.001
*Diphasic fever, a body temperature >38°C at a time after the initial fever had decreased to <37.5°C; high fever, body temperature >38°C.
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and diffuse alveolar damage, which was originally reported by Goodpasture (7,8). Bronchial sounds were more
common among patients who died than among survivors
(Table 1). Therefore, severe viral pneumonia may have
developed in these patients, and they died shortly after
disease onset.
Bacterial pneumonia has been previously reported as
a common cause of death among Spanish influenza patients, especially during the second wave of illness (8,14).
Samples from few patients in the study group underwent
microbiologic examination. Thus, a diphasic fever might
be explained by development of secondary bacterial pneumonia during hospitalization. Patients who experienced diphasic fever and a lengthy hospital stay were believed to
have contracted a nosocomial infection (8,9,14).
Although patients with underlying diseases in the influenza pandemic of 2009 exhibited 1 of our identified 3
major prognostic indicators (4–6), we did not observe this
pattern in the patients in our study, who were young soldiers and otherwise healthy and robust. At the time of the
Spanish influenza pandemic, specific diagnostic methods
and suitable techniques for evaluating disease severity
were not available. Laboratory tests and specific treatment
options were limited. The preserved medical charts emphasize the importance of providing information on physical
assessments, such as body temperature, respiration rate,
and lung sounds, to predict disease prognosis.
This study required review of charts handwritten ≈100
years ago, and some areas were unreadable. Because the patients were mainly young male soldiers, generalization of
these results to the wider population in Japan who had Spanish influenza is limited. However, the historical documents
containing this information are rare, and our results provide
valuable information relevant for current and future clinical
care of patients affected by pandemic influenza.
Patients experiencing influenza require rapid assessment of disease severity and prompt treatment. Our findings reveal conveniently assessed parameters to aid clinical decision-making, including triage, especially during
the rampant stage of pandemic influenza, regardless of the
medical resources available.
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afterward have been sporadic. With advances in molecular
sequencing, the identification of sparganum larvae isolated
from humans was made possible (5,6). In this study, we
performed molecular sequencing on archived histologic
specimens to delineate the parasites down to species level.

Human sparganosis is a foodborne zoonosis endemic in
Asia. We report a series of 9 histologically confirmed human sparganosis cases in Hong Kong, China. All parasites
were retrospectively identified as Spirometra erinaceieuropaei. Skin and soft tissue swelling was the most common
symptom, followed by central nervous system lesions.

The Study
Cases of human sparganosis were identified by searching
the clinical, parasitologic, and histopathologic records in
the Queen Elizabeth Hospital and the Pamela Youde Nethersole Eastern Hospital in Hong Kong. Archived histopathology specimens showing parasites compatible with
plerocercoids were retrieved for further molecular testing.
We made 10–15 (depending on the amount of tissue available) 4-µm sections from each paraffin block; the sections
were deparaffinized and suspended in sterile, normal saline.
Genomic DNA was extracted from formalin-fixed paraffin-embedded tissue by using a DNA minikit (QIAGEN,
Hilden, Germany) according to the manufacturer’s instructions. The DNA was eluted in 60 µL of elution buffer and
used as template for PCR.
Primer sequences used in this study were cox1-F
5′-CGGCTTTTTTTGATCCTTTGGGTGG-3′,
cox1R
5′-GTATCATATGAACAACCTAATTTAC-3′,
28S-F 5′-CACCGAAGC CTGCGGTA-3′, and 28S-R
5′-GAAGGTCGACCTGGTGAA-3′, which targeted specifically to the cox1 and 28S rRNA genes of S. erinaceieuropaei respectively (7). The later primers were designed inhouse by multiple alignments of different parasite species.
The PCR mixture (25 µL) contained DNA, PCR buffer (10
mmol/L Tris-HCl [pH 8.3], 50 mmol/L KCl, 3 mmol/L
MgCl2, and 0.01% gelatin), and 200 mmol/L each deoxynucleoside triphosphate (dNTP) and 1.0 U Taq polymerase
(Applied Biosystems, Foster City, CA, USA). The mixtures were amplified in 60 cycles of 94°C for 1 min, 55°C
for 1 min, and 72°C for 1 min with a final extension at 72°C
for 10 min in an automated thermal cycler (Applied Biosystems). Standard precautions were taken to avoid PCR contamination, and no false-positive results were observed in
negative controls. PCR products were gel purified by using
the QIAquick gel extraction kit (QIAGEN). Both strands of
the PCR products were sequenced twice with an ABI Prism

S

parganosis is a parasitic zoonosis endemic in Asia, Europe, and North America. Diphyllobothroid tapeworm
under the genus Spirometra is the causative agent. Humans
can be infected through the consumption of contaminated
water or meat from intermediate hosts or through topical
application of raw, contaminated poultices to eyes and open
wounds. After entry into humans, the plerocercoid larvae
(spargana) migrate to different anatomic locations, where
they cause space-occupying lesions as they develop into
adults. The sites spargana migrate to include skin and soft
tissues, muscles, visceral organs, and the central nervous
system. Clinical symptoms range from asymptomatic/mild
(e.g., subcutaneous swelling) to severe (e.g., seizure and
hemiparesis) depending on the site and size of lesions (1).
Sparganosis is an emerging zoonotic disease and
public health challenge in China, potentially because of
the practice of consuming wild frog meat, which is a delicacy in the southern Guangdong province. According to a
2009 survey, >25% of the local wild frogs were infected
with spargana (2). Most cases of human sparganosis have
been found in Asia, with the highest cumulative number in
China (online Technical Appendix Table, https://wwwnc.
cdc.gov/EID/article/23/4/16-0791-Techapp1.pdf) (3). In
Hong Kong, the earliest known cases of sparganosis were
2 subcutaneous infections reported in 1962 (4), and cases

Author affiliations: Queen Elizabeth Hospital, Hong Kong, China
(T.H.C. Tang, C.K.C. Lai, H.S.Y. Chan, T.C. Wu, Y.-F. Cheung,
T.-L. Poon); The University of Hong Kong, Hong Kong
(S.S.Y. Wong, R.W.S. Poon); Pamela Youde Nethersole Eastern
Hospital, Hong Kong (Y.-P. Tsang, W.-L. Tang, A.K.L. Wu)
DOI: http://dx.doi.org/10.3201/eid2304.160791

1

These first authors contributed equally to this article.

2

These authors contributed equally to this article.

Emerging Infectious Diseases • www.cdc.gov/eid • Vol. 23, No.4, April 2017

665

DISPATCHES

3700 DNA analyzer (Applied Biosystems). Sequences of
the PCR products were compared with known sequences
by BLAST analysis (https://blast.ncbi.nlm.nih.gov).
We constructed a phylogenetic tree using the neighborjoining method with Kimura’s 2-parameter correction with
ClustalX 1.83 (http://www.clustal.org). We included in the
analysis the 252 bps and 211 bps of the amplicon from the
cox1 gene (GenBank accession nos. KU760072–81) and
the 28S rRNA gene (accession nos. KX831668–77) of S.
erinaceieuropaei, respectively, detected in positive samples. Strongyloides stercoralis was used as the outgroup in
these analyses.
Seven patients with human sparganosis were identified
in Queen Elizabeth Hospital, and 2 patients were identified
in the Pamela Youde Nethersole Eastern Hospital. All diagnoses were made from 1999 to 2015 (Table). Eight patients
were Chinese; 1 was Filipino, and 4 were male. Patient age
at diagnosis was 29–73 (median 49) years. Three patients
displayed neurologic symptoms, such as numbness, weakness, or memory impairment, and the other 6 displayed skin
and soft tissue involvement. All had progressively enlarging
or migratory skin nodules (Table). Additional information
on clinical history, histopathology, and magnetic resonance
brain imaging of representative cases was collected (online
Technical Appendix).

Nine patients had archived histopathologic specimens
available for molecular testing. Parasite identification was
achieved in all 9 specimens, and they showed 99%–100% and
100% identity with the cox1 and 28S rRNA gene sequences
of S. erinaceieuropaei, respectively (Figure, panels A and B).
Conclusions
This study demonstrates that human sparganosis appeared
sporadically in Hong Kong. The most common signs of disease were skin and soft tissue nodules followed by intracranial lesions. By molecular sequencing, the tested parasites
were S. erinaceieuropaei. We were unable to pinpoint the
source of infection in most patients; the incubation period
can last as long as several months, and early stages of the
disease are usually asymptomatic (8). Patients might have
difficulty recalling specific high-risk exposures. In most industrialized countries, the practice of applying raw frog or
snake poultices to open wounds is regarded as unhygienic
and becoming obsolete, yet consumption of undercooked
frog meat or, less commonly, ingestion of raw snake bile
for medicinal purposes is still practiced in Hong Kong.
Another possible route of transmission could have been
drinking water contaminated with Spirometra procercoids.
Subcutaneous sparganosis is the most commonly recognized form of the disease. Because sparganosis is rare, it

Table. Characteristics of cases of human sparganosis, Hong Kong, 1999–2015*
Probable
PEC,  109/L
Pt
Age,
place/mode of
Location of
Size of worm or
(% total WBC
no. Year
y/sex Ethnicity
infection
lesion
lesion, cm
Clinical features
count)
1
1999
67/F
Chinese
Unk/Unk
Right breast
0.15 × 0.1 × 0.7,
Right breast mass
NR
0.15 × 0.1 × 0.7,
0.1 × 0.5 × 0.5
(lesions excised)
2
2000
46/M
Chinese
Unk/Unk
NR
0.15 (worm length)
NR
NR
3
2002
29/F
Chinese
Unk/Unk
Epigastrium of 4 × 2.5 × 2 (lesion
NR
NR
abdominal
excised)
wall
4
2003
63/F
Chinese
Unk/Unk
Left thigh
0.6 (maximum
Progressive enlarging mass
NR
dimension of lesion
for 2 years
excised)
5
2004
44/M
Chinese
Unk/Unk
Right thigh
1.5 × 1.5 (lesion);
Right thigh nodule for 6
NR
0.27 × 0.2 × 0.5
months
(worm)
2014
55/M
Unk/Unk
Right thigh
1.6 × 1.3 × 1.4
Recurrent right thigh nodule;
0.22 (3.7)
and suspected
(lesion)
suspicious 2 × 5 × 5 mm
left frontal lobe
T2W/FLAIR hyperintensity
with contrast enhancement
in left frontal white matter
6
2005
43/F
Chinese
Unk/Unk
Left breast
0.21 (lesion
Progressive enlarging left
0.1 (0.7)
excised)
breast mass
7
2011
58/M
Chinese China/ingestion Left chest wall 3 × 2.5 × 1 (lesion)
Left chest wall mass for 3
0.21 (2.5)
of frogs and
years
snakes
8
2013
49/F
Filipino
Unk/Unk
Left parietal
0.17 × 0.12 × 0.23
Right-sided numbness and
0.1 (1.1)
lobe
(lesion)
weakness for 2 days
9
2015
73/M
Chinese China/ingestion
Left thigh
0.5 × 0.5 × 0.1
Progressive enlarging left
0.21 (4.2)
of frogs
(lesion excised)
inner thigh mass for 1 year
*All worms were identified as Spirometra erinaceieuropaei. NR, not recorded; PEC, peripheral eosinophil count; Pt, patient; T2W/FLAIR, T2-weighted/fluid
attenuation inversion recovery; Unk, unknown; WBC, white blood cell.
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is seldom considered during an initial patient assessment,
although a migratory nodule might raise the suspicion for
a helminthic etiology. Diagnosis of sparganosis needs to
be confirmed, normally by studying the excised lesions.
Even though serologic tests for sparganosis have been

described, these assays are not generally available and their
performance requires more evaluation (9–13). In contrast,
the presence of tunnel sign, conglomerated rings, beadshaped enhancements, or images of parasites of various life
stages by computerized tomography or magnetic resonance

Figure. Phylogenetic analysis of cox1 and 28S rRNA genes of archived formalin-fixed paraffin-embedded tissues obtained from human
sparganosis cases, Hong Kong, 1999–2015. A) A 252-bp sequence from the cox1 gene (GenBank accession nos. KU760072–81) was
included for each isolate. B) A 211-bp sequence from the 28S rRNA gene (accession nos. KX831668–77) was included for each isolate.
Trees were constructed by using the neighbor-joining method and rooted with the corresponding sequence in Strongyloides stercoralis
(accession nos. AB526297.1 and U39489.1 for cox1 and 28S rRNA genes, respectively). The bootstrap values are shown for nodes that
appeared in >70% of the 1,000 replicates. The species used for comparison and their GenBank accession numbers are given in the
tree. Scale bars indicate estimated number of substitutions per 50 bases.
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imaging are suggestive of sparganosis (14). Histopathologic diagnosis of parasitic infections remains a challenge to
pathologists in countries where sparganosis is not endemic.
Recognizing the different phyla and classes of parasites
(i.e., nematodes, cestodes, and trematodes) histologically
is usually simple. However, specific identification of the
genus and species requires substantial expertise in parasite
pathology and morphology. Identification of rare parasites
is sometimes impossible because of the lack of detailed
morphologic descriptions in the literature. Under such circumstances, molecular studies provide useful information
for species identification (15). Nevertheless, it is not infallible, especially for rare parasites, because precise species
identification depends on gene sequence availability and
data accuracy.
Although the parasitic drug praziquantel has wide coverage against several cestodes and trematodes, its efficacy
in the treatment of sparganosis remains uncertain. Surgical
intervention for complete worm removal should be used
whenever feasible.
This study had limitations. We only included information on patients from 2 of the 7 geographic clusters
of public hospitals in Hong Kong, and those with asymptomatic subcutaneous lesions most likely did not
seek medical attention. The reported number is certainly
an underestimate.
Given that human sparganosis is an emerging zoonotic parasitic infection, clinicians may consider it in the
differential diagnosis for mass lesions with undetermined
etiology. Education of the general public about food safety,
including avoiding the consumption of untreated water and
undercooked frog and snake meat, is needed.
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Zika Virus Seroprevalence,
French Polynesia, 2014–2015
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During 2013–2014, French Polynesia experienced an
outbreak of Zika virus infection. Serosurveys conducted
at the end of the outbreak and 18 months later showed
lower than expected disease prevalence rates (49%) and
asymptomatic:symptomatic case ratios (1:1) in the general
population but significantly different prevalence rates (66%)
and asymptomatic:symptomatic ratios (1:2) in schoolchildren.

Z

ika virus (family Flaviviridae, genus Flavivirus), an
arthropodborne pathogen, is transmitted to humans by
Aedes spp. mosquitoes, but nonvectorborne transmission
(i.e., maternofetal and sexual transmission and transmission via blood transfusion) has also been reported (1). Infection by Zika virus most commonly causes mild disease
consisting of fever, rash, arthralgia, headache, and conjunctivitis (1), but severe neurologic complications, such
as Guillain-Barré syndrome in adults (2) and microcephaly
in fetuses and newborns (3), have been described.
Zika virus emerged for the first time in 2007 on Yap
Island, Federated States of Micronesia, in the Pacific region
(4). Six years later, Zika virus caused an explosive outbreak
in French Polynesia (5), and the virus then spread across
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the Pacific region (6). During October 2013–April 2014
in French Polynesia, an estimated 32,000 persons (11.5%
of the population) visited healthcare facilities because of
clinical symptoms suggestive of Zika virus infection (1,7).
A retrospective serosurvey conducted on blood collected
from donors before the outbreak confirmed that Zika virus had not previously circulated in French Polynesia (8).
We conducted a study to assess Zika virus seroprevalence
among the French Polynesia population after the virus
emerged in the country.
The Study
French Polynesia comprises 119 islands distributed among
5 archipelagos (Society, Tuamotu, Marquesas, Australs, and
Gambier). The population of ≈270,000 inhabitants lives on
74 islands (2012 census; http://www.ispf.pf/docs/defaultsource/publi-pr/POP_LEGALE_2012_PF.pdf?sfvrsn=2).
During February and March 2014, we conducted a cluster
sampling among the general population living in the 5 archipelagos. We randomly recruited a total of 196 participants on the most inhabited islands of each archipelago:
Tahiti and Moorea (Society), Rangiroa and Makemo (Tuamotu), Nuku Hiva and Hiva Oa (Marquesas), Rurutu (Australs), and Rikitea (Gambier) (Figure). Because >85% of
the inhabitants of French Polynesia live on the Society Islands, we conducted a second cluster sampling among 700
participants recruited on Tahiti and Moorea during September–November 2015. In addition, 476 schoolchildren
initially recruited for a dengue serosurvey on Tahiti during
May and June 2014 were included in the study.
All participants were asked to declare whether they
had clinical manifestations suggestive of past Zika infection. Adults provided written informed consent before enrollment, and parents or guardians gave consent for their
children. Participants’ blood samples and personal data
were anonymized before processing, and the study was approved by the Ethics Committee of French Polynesia (no.
60/CEPF 06/27/2013).
We used a recombinant antigen–based indirect ELISA to detect Zika virus IgG in blood samples collected in
2014 from the general population and schoolchildren (8).
We also tested serum samples from the general population by microsphere immunoassay (MIA), using the same
recombinant antigens as for the ELISA (2,8). Among the
196 serum samples from the general population, 80% tested positive for Zika virus IgG by both assays (κ = 0.51,
indicating good agreement between ELISA and MIA
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Figure. Geographic distribution
of participants recruited for a
study of the postemergence
seroprevalence of Zika virus
infections in French Polynesia,
2014–2015. N1 and N2 indicate
areas of recruitment among
the general population during
February and March 2014 and
September–November 2015,
respectively; N3 indicates
areas of recruitment among
schoolchildren during May
and June 2014. The total
population and number of
recruited participants is shown
for each area. Lines delineate
the 5 archipelagos that comprise
French Polynesia (Marquesas,
Society, Tuamotu, Gambier, and
Australs). Inset map at upper
left shows location of French
Polynesia in the Pacific Ocean
(white circle).

results). Blood samples collected in 2015 were tested by
MIA only.
Zika virus seroprevalence rates and proportions of
asymptomatic infections were 49% (95% CI 42%–57%)
and 43% (95% CI 33%–53%), respectively, for participants from the general population sampled in 2014 and
66% (95% CI 60%–71%) and 29% (95% CI 24%–34%),
respectively, for schoolchildren sampled in 2014 (Table).
Seroprevalence rates and proportions of asymptomatic
infections were 22% (95% CI 16%–28%) and 53% (95%
CI 45%–61%), respectively, for participants recruited in
2015 (Table).

Conclusions
During the October 2013–April 2014 Zika infection outbreak in French Polynesia, ≈11.5% of the population
sought medical care for symptoms suggestive of Zika infection (1,7); however, serosurveys at the end of the outbreak showed a Zika virus seroprevalence rate of 49%
(95% CI 42%–57%), suggesting that most infected persons
did not seek medical care. The finding that 43% (95% CI
33%–53%) of the participants had Zika virus IgG without
self-reported symptoms reflects an estimated asymptomatic
to symptomatic ratio of 1:1. These results suggest that infected persons did not consult medical care staff because

Table. Zika virus seroprevalence among persons randomly recruited from the general population and among schoolchildren
immediately after and 18 months after a Zika outbreak, French Polynesia, 2014 and 2015*
Sampled population, time of
Median age
No. symptomatic/no.
No. asymptomatic/no.
Total no. seropositive/total
sampling, location of sampling
(range), y
positive (% [95% CI])
positive (% [95% CI])
no. tested (% [95% CI])
General population
February–March 2014
Society Islands
47 (13–77)
8/18 (44 [26–69])
10/18 (56 [33–79])
18/49 (37 [26–47])
Tuamotu Islands
39 (7–86)
12/22 (55 [34–75])
10/22 (45 [25–66])
22/49 (45 [38–52])
Marquesas Islands
45 (10–82)
16/28 (57 [39–75])
12/28 (43 [24–61])
28/49 (57 [47–68])
Austral–Gambier Islands
38 (7–84)
19/29 (66 [48–83])
10/29 (34 [17–52])
29/49 (59 [39–80])
Total
41 (7–86)
55/97 (57 [47–67])
42/97 (43 [33–53])
97/196 (49 [42–57])
September–November 2015
Society Islands
43 (4–88)
73/154 (47 [40–55])
81/154 (53 [45-61])
154/700 (22 [16–28])
Schoolchildren
May–June 2014
Society Islands
11 (6–16)
221/312 (71 [66–76[)
91/312 (29 [24–34])
312/476 (66 [60–71])
*CIs were calculated taking into account the cluster sampling design (9) and using the Fisher exact test.
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the infection was mild or asymptomatic, as previously described (10). Of the 5 French Polynesia archipelagos, the
Society Islands had the lowest seroprevalence rate (37%
[95% CI 26%–47%]) and the Australs–Gambier Islands the
highest (59% [95% CI 39%–80%]); however, seroprevalence among the archipelagos did not differ substantially,
suggesting that no matter their location, study participants
had similar Zika virus transmission exposure.
Eighteen months after the end of the outbreak, the Zika
virus seroprevalence rate and proportion of asymptomatic
infections among 700 persons on the Society Islands were
22% (95% CI 16%–28%) and 53% (95% CI 45%–61%),
respectively, not substantially different from those during
the first cluster sampling in the same islands (37% [95%
CI 26%–47%] and 56% [95% CI 33%–79%], respectively).
The finding that the Zika virus seroprevalence rate did not
increase between the 2 sampling periods suggests that the
virus did not actively circulate after the end of the outbreak.
In contrast, the decrease in the Zika virus seroprevalence
rate, even if not significant, suggests that Zika virus IgG
titers may drop over time.
Within 2 months after the end of the outbreak, the Zika
virus seroprevalence rate among schoolchildren (6–16 [median 11] years of age) on Tahiti was substantially higher than
that among the general population (4–88 [median 43] years
of age) (66% [95% CI 60%–71%] vs. 22% [95% CI 16%–
28%], respectively). In contrast, the proportion of asymptomatic Zika virus infections was substantially lower among
schoolchildren (29% [95% CI 24%–34%]) than among the
general population (53% [95% CI 45%–61%]). Dengue virus (DENV) may provide cross-protection against Zika infection; thus, the higher DENV IgG seroprevalence among
adults may explain why fewer adults than children were
infected by Zika virus (8,11–13). The lower asymptomatic
rate in children may have 2 additional explanations: the reporting of symptoms among children may have been compounded by the relatively higher frequency of febrile rash
illness due to other viral infections, and sampling among
children was conducted at the tail end of the outbreak, so
they would likely remember symptoms more clearly than
the population surveyed 18 months after the outbreak.
In the 3 groups tested, no difference was seen by sex in
the seroprevalence rate or the proportion of asymptomatic
infections. However, because the sampling scheme was not
initially designed to compare data by sexes, data could not
be extrapolated to the population level.
Our findings show that <50% of the population of
French Polynesia had detectable Zika virus IgG. This seroprevalence rate is much lower than the 86% attack rate
estimated by Kucharski et al. (14) using a model that assumed the French Polynesia population was 100% susceptible to Zika virus infection. However, in a setting
where DENVs are highly prevalent (8), the possibility of

cross-protecting immunity preventing infection from Zika
virus (12,13) cannot be excluded. The attack rate and the
asymptomatic:symptomatic ratio in French Polynesia were
also lower than those described for the 2007 outbreak on
Yap Island (73% and 4:1, respectively) (4); this finding
supports the perception that the drivers of Zika virus transmission vary depending on geographic context. For other
flaviviruses, such as DENV, previous model-based studies
showed that the herd immunity threshold required to block
viral transmission is ≈50%–85% (15). Thus, if Zika virus
has the same epidemiologic characteristics as DENV, the
seroprevalence rate of 49% would not be sufficient to prevent another outbreak.
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etymologia
Sparganosis [spahrʺge-noʹsis]
Ronnie Henry

S

parganosis refers to tissue infection with the pleurocercoid larvae of the genera Diphyllobothrium (from
the Greek di [“two”] + phyllon [“leaf”] + bothrion [“pit”])
or Spirometra (from the Greek speira [“coil”] + metra [“uterus”]). Sparganum (from the Greek sparganon
[“swaddling clothes”]) was originally described in 1854
by Diesing as a separate species but is now used generically to describe the larval stage of these cestodes.
The first human case was reported by Sir Patrick
Manson in China in 1882, and 2 species (S. mansoni and
of Sparganum proliferum infection. Public Image
S. mansonoides) are named for him. Sparganosis is most Histopathology
Health Library, Center for Disease Control, 1962.
common in Asia where frogs or snakes are more commonly eaten or where traditional medicinal practices call for the use of raw frog or snake meat in
poultices, although recent reports indicate it occurs in in some populations in Africa.
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Persistent Arthralgia Associated with
Chikungunya Virus Outbreak,
US Virgin Islands,
December 2014–February 2016
Leora R. Feldstein, Ali Rowhani-Rahbar,
J. Erin Staples, Marcia R. Weaver,
M. Elizabeth Halloran, Esther M. Ellis
After the 2014–2015 outbreak of chikungunya virus in the
US Virgin Islands, we compared the prevalence of persistent arthralgia among case-patients and controls. Prevalence was higher in case-patients than controls 6 and 12
months after disease onset. Continued vaccine research to
prevent acute illness and long-term sequelae is essential.

A

utochthonous transmission of chikungunya virus
(CHIKV) was first reported in the Americas in December 2013 on the island of Saint Martin, and by early
2016, the virus had spread to 45 countries in the Caribbean and Central, South, and North America (1,2). Acute
symptoms of CHIKV infection often resolve within 7–10
days (3). However, 7%–79% of case-patients from previous outbreaks have reported persistent arthralgia for
months after infection (4–8). Persistent arthralgia associated with CHIKV illness has been assessed in persons in
Southeast Asia, South America, and Europe but not in the
Caribbean (4,9).
The US Virgin Islands (USVI), one of many regions
in the Caribbean affected by the CHIKV epidemic, identified its first locally acquired case in June 2014 (10). USVI
subsequently reported nearly 2,000 suspected CHIKV
cases before the last laboratory-confirmed case was reported in February 2015 (11). To determine the prevalence
of CHIKV-associated persistent arthralgia in USVI, we
compared the prevalence of persistent arthralgia among
CHIKV case-patients and nonsymptomatic controls during
December 2014–February 2016.
Author affiliations: Fred Hutchinson Cancer Research Center,
Seattle, Washington, USA (L.R. Feldstein, M.E. Halloran);
University of Washington, Seattle (A. Rowhani-Rahbar,
M.R. Weaver, M.E. Halloran); Centers for Disease Control and
Prevention, Fort Collins, Colorado, USA (J.E. Staples);
US Virgin Islands Department of health, Saint Croix, US Virgin
Islands (E.M. Ellis)
DOI: http://dx.doi.org/10.3201/eid2304.161562

The Study
A confirmed case-patient was defined as a USVI resident of
any age with acute onset of fever (>38°C) and severe arthralgia or arthritis not explained by another medical condition
plus 1 of the following: 1) CHIKV RNA in blood, as determined using reverse transcription PCR, or 2) CHIKV-specific IgM antibodies in serum, as determined using ELISA
in conjunction with either CHIKV-specific neutralizing antibodies using plaque reduction neutralization test with a 90%
cutoff or CHIKV-specific IgG using ELISA (10). Confirmed
case-patients captured by the USVI Department of Health
surveillance system were invited via telephone to participate
in a follow-up investigation at 6 and 12 months after acute
illness; a total of 165 case-patients were recruited. Verbal
informed consent was obtained at the start of each interview.
At the 12-month follow-up, we concurrently enrolled
a nonsymptomatic control group. Members of the control
group were recruited from the emergency department waiting room of a hospital or from a health clinic in USVI; the
group comprised 167 USVI residents of any age. Persons
were not eligible for the control group if they reported
symptoms consistent with CHIKV disease (i.e., concurrent
fever and acute joint pain) or responded “yes” to being tested for CHIKV and test results were positive. All controls
were offered free CHIKV IgG testing and were excluded
from analysis if positive (online Technical Appendix Table 1, https://wwwnc.cdc.gov/EID/article/23/4/16-1562Techapp1.pdf).
At 6 and 12 months, we interviewed case-patients
about presence, frequency, and anatomic location of arthralgia after acute CHIKV infection. We defined persistent arthralgia as joint pain occurring at least once per
week within 1 month before the interview. We asked casepatients whether they had a history of arthritis (defined as
doctor-diagnosed arthritis before CHIKV illness). At the
12-month interview, we asked case-patients whether they
had difficulty performing everyday activities (i.e., walking,
climbing stairs, lifting heavy objects, getting in and out of
cars, opening jars). We interviewed the control group only
once, using the same 12-month questionnaire that we used
for case-patients. The University of the Virgin Islands and
the University of Washington ethics committees approved
this study.
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Table 1. Prevalence and prevalence ratios of persistent arthralgia and impaired physical functionality among residents in a study of
persistent arthralgia after a chikungunya virus outbreak, US Virgin Islands, December 2014–February 2016*
Variable
Prevalence difference (95% CI)
p value
Prevalence ratio (95% CI)
p value
Persistent arthralgia
6 month analysis*
0.32 (0.24–0.40)
<0.001
2.90 (1.90–4.43)
<0.001
12 month analysis*
0.19 (0.11–0.28)
0.001
2.51 (1.71–3.69)
<0.001
Difficulty performing daily activities
Walking
0.11 (0.03–0.18)
0.007
1.77 (1.06–2.95)
0.028
Climbing stairs
0.12 (0.05–0.19)
0.001
1.81 (1.15–2.86)
0.011
Lifting heavy objects
0.209
1.68 (0.96–2.97)
0.072
0.04 (0.02–0.11)
Getting in and out of cars
0.09 (0.03–0.14)
0.001
2.65 (1.32–5.32)
0.006
Opening jars
0.15 (0.07–0.23)
<0.001
2.24 (1.28–3.91)
0.005
*Adjusted for age group, sex, and self-reported history of arthritis.

At each time point, we ran 2 independent regression
models. We constructed generalized linear models, using the
binomial family with robust variance estimators, to estimate
prevalence differences and prevalence ratios. We included age
grouping (<35, 36–55, and >55 years), sex, and self-reported
history of arthritis in the models. We used 2-sample t-tests
with unequal variances to determine differences in arthralgia
prevalence by affected joint sites. We used Stata 14.0 (StataCorp LLC, College Station, TX, USA) for the analysis.
Six months after disease onset, the difference in persistent arthralgia prevalence between case-patients and controls was 32% (95% CI 24%–40%), after adjusting for age,
sex, and self-reported history of arthritis; 12 months after
onset, the difference was 19% (95% CI 11%–28%) (Table
1). At 6 months, case-patients reported higher prevalence
of foot-specific joint pain (28%, 95% CI 11%–44%), and
at 12 months, controls reported higher prevalence of kneespecific pain (29%, 95% CI 8%–50%) (Figure 1). At 12
months, we found no statistically significant differences by
joint site between case-patients and controls (Figure 2).
After we adjusted for age, sex, and self-reported history of arthritis, case-patients were 1.77 (95% CI 1.06–2.95)
times more likely than controls to have difficulty walking
and 1.81 (95% CI 1.15–2.86) times more likely to have difficulty climbing stairs (Table 1). Case-patients were also

2.65 (95% CI 1.32–5.32) times more likely to have difficulty getting in and out of cars and 2.24 (95% CI 1.28–3.91)
times more likely to have difficulty opening jars.

Figure 1. Arthralgia reported by joint site among confirmed
chikungunya virus case-patients 6 months after illness onset and
by nonsymptomatic controls enrolled at the time of the 12-month
follow-up for case-patients, US Virgin Islands, December 2014–
February 2016. *Statistically significant differences (p<0.01)
between case-patients and controls.

Figure 2. Arthralgia reported by joint site among confirmed
chikungunya virus case-patients 12 months after illness onset and
by nonsymptomatic controls enrolled at the time of the 12-month
follow-up for case-patients, US Virgin Islands, December 2014–
February 2016. No statistically significant differences were found
between case-patients and controls.
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Conclusions
Although acute symptoms of CHIKV infection are well-documented (12), information on the prevalence of long-term
sequelae remains limited to observational studies, many of
which lack comparator groups (4). From our year-long study
of 165 case-patients and 167 controls, we found an almost
3-fold increased risk for persistent arthralgia in CHIKV casepatients at 6 and 12 months after illness onset. At 12 months,
case-patients were significantly (p<0.01) more likely than
controls to report difficulty performing daily activities. Our
unadjusted persistent arthralgia estimates at 6 (44%) and 12
(33%) months (Table 2) fall within the pooled estimate from
a metaanalysis (40%, 95% CI 31%–49%) (4).
Consistent with findings in previous studies, casepatients in our study reported a higher prevalence of footspecific joint pain, (6,8,13,14). Furthermore, a higher proportion of case-patients reported the presence of persistent
arthralgia and of more severe arthralgia in the morning;
this finding is consistent with those from previous studies
reporting a high prevalence of morning stiffness among
case-patients (6,8).
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Table 2. Demographic and physical characteristics among residents in a study of persistent arthralgia after a chikungunya virus
outbreak, US Virgin Islands, December 2014–February 2016*
No. (%) chikungunya virus case-patients
No. (%) nonsymptomatic
6 months after symptom
12 months after symptom controls at 12-month caseVariable
onset, N = 165
onset, N = 128
patient follow-up, N = 167*
Median age (range), y
52 (1-96)
52 (1-92)
35 (2-78)
Sex
F
108 (65)
82 (64)
108 (65)
M
57 (35)
46 (36)
59 (35)
Employed or a student
96 (58)
73 (57)
125 (75)
History of self-reported arthritis
37 (22)
30 (23)
28 (17)
Annual household income <US$50,000
–
82 (64)
121 (72)
Joint pain day of interview
59 (36)
34 (27)
14 (8)
Joint pain within month of interview
87 (53)
51 (40)
26 (16)
Difficulty performing daily activities
Walking
–
36 (28)
20 (12)
Climbing stairs
–
40 (31)
20 (12)
Lifting heavy objects
–
27 (21)
16 (10)
Getting in and out of cars
–
27 (21)
10 (6)
Opening jars
–
33 (26)
13 (8)
Sleeping
27 (31)
19 (37)
8 (29)
Health somewhat/much worse after 1 y
–
28 (22)
16 (10)
Subsample of participants reporting joint pain
N = 87
N = 51
N = 26
within mo of interview
Persistent arthralgia
72 (44)
42 (33)
20 (12)
Joint pain frequency
Daily
42 (48)
28 (55)
13 (50)
2–3 times/wk
17 (20)
8 (16)
5 (19)
1 time/wk
13 (15)
6 (12)
2 (8)
<1 time/wk
12 (14)
9 (18)
6 (23)
Not known
3 (3)
0
0
Symmetrical joint pain
27 (31)
14 (27)
7 (27)
Joint pain time of day
Morning
16 (18)
12 (24)
2 (8)
Day
10 (11)
5 (10)
1 (4)
Night
11 (13)
6 (12)
5 (19)
Morning and night
5 (6)
2 (4)
1 (4)
Present at all times or activity dependent
43 (49)
23 (45)
15 (58)
Not known
2 (2)
3 (6)
2 (8)
Worst time of day for joint pain
Morning
29 (33)
21 (41)
3 (12)
Day
9 (10)
7 (14)
1 (4)
Night
20 (23)
8 (16)
8 (31)
Morning and night
3 (3)
3 (6)
0
Present at all times or activity dependent
23 (26)
8 (16)
12 (46)
Not known
3 (3)
4 (8)
2 (8)
*Values are no. (%) except as indicated. –,data not obtained.

Our comparative study had limitations, which may
have influenced our findings. First, due to missing or incorrect contact information (online Technical Appendix
Table 2), the study sample represents only 36% of eligible
confirmed CHIKV case-patients and thus might not be
representative of all USVI residents with CHIKV disease.
Second, controls were younger than case-patients and were
interviewed only once. Thus, we may have overestimated
persistent arthralgia among case-patients due to progression of osteoarthritis associated with increased age and may
have underestimated persistent arthralgia among controls.
However, a BRFSS (Behavioral Risk Factor Surveillance
System) survey indicated that 15% (95% CI 14%–17%) of
adult USVI residents reported having arthritis (15), a percentage consistent with our estimated persistent arthralgia

prevalence among controls (17%). Third, we did not test
all controls for CHIKV IgG; thus, some controls with asymptomatic CHIKV infection may have been included in
the analysis. However, prevalence differences were similar when we included controls who were asymptomatic
but IgG-positive (n = 12). Last, most case-patients knew
their diagnosis, which may have influenced their reporting
of persistence arthralgia, and case-patients with persistent
arthralgia may have been more inclined to participate in the
interviews. As a result of these limitations, we may have
overestimated the association between persistent arthralgia
and CHIKV disease up to 1 year after illness onset.
Our results emphasize that, in the USVI, CHIKV illness was associated with persistent arthralgia and difficulty with daily activities 1 year after disease onset. These
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findings highlight the need for therapeutic and vaccine
research to manage and prevent acute illness and longterm sequelae associated with CHIKV infection. The results also underscore the need for studies to identify risk
factors for long-term sequelae of CHIKV illness, to estimate the burden of persistent arthralgia after acute illness, and to understand the effect of persistent arthralgia
on quality of life.
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Assessing Sensitivity and Specificity
of Surveillance Case Definitions
for Zika Virus Disease
Angela Chow, Hanley Ho,
Mar-Kyaw Win, Yee-Sin Leo
We evaluated performance of 5 case definitions for Zika
virus disease surveillance in a human cohort during an
outbreak in Singapore, August 26–September 5, 2016. Because laboratory tests are largely inaccessible, use of case
definitions that include rash as a required clinical feature are
useful in identifying this disease.

Z

ika virus infections in humans were first reported in
Nigeria, Uganda, and Tanganyika (now Tanzania) in
1951–1952 (1,2). Until 2006, sporadic cases and small
clusters of Zika virus infections were reported (3). In 2007,
the first major outbreak occurred on Yap Island, where ≈1/5
infected persons were symptomatic, predominantly with
rash, fever, arthralgia, and conjunctivitis (4). In a recent
outbreak in Brazil in 2015, similar signs and symptoms
predominated (5). Rash (67%), fever (64%), arthralgia
(29%), myalgia (24%), headache (22%), and conjunctivitis
(21%) were the 6 most common signs and symptoms reported during January 1964–February 2016 (3).
Unlike dengue virus (a related flavivirus), Zika virus
was not considered to be a major pathogen until recent reports of its association with Guillain-Barré syndrome and
microcephaly (6). Thus, there is little information on the
performance of surveillance case definitions for detection
of Zika virus disease.
Responding to the rapidly evolving Zika virus epidemic
to guide surveillance for Zika virus disease, the US Centers
for Disease Control and Prevention worked with the Council
of State and Territorial Epidemiologists (CSTE) to approve
an interim definition in February 2016 and a final case definition in June 2016 for noncongenital Zika virus disease as
>1 of the following signs or symptoms: acute onset of fever,
maculopapular rash, arthralgia, and conjunctivitis (7). The
interim case definition (February 2016) of the World Health
Organization (WHO) for suspected Zika virus disease includes rash or fever and >1 of the following signs or symptoms: arthralgia, arthritis, and conjunctivitis (nonpurulent/
hyperemic) (8). The case definition of the European Centre
for Disease Prevention and Control (ECDC) includes rash
Author affiliation: Tan Tock Seng Hospital, Singapore
DOI: http://dx.doi.org/10.3201/eid2304.161716

and optional symptoms in the WHO definition plus myalgia
(9). The case definition of the Pan American Health Organization (PAHO) includes rash and >2 of the following signs
or symptoms: fever, conjunctivitis (nonpurulent/hyperemic),
arthralgia, myalgia, and periarticular edema (10).
The first outbreak of Zika virus disease in Singapore
occurred in August 2016 (11). Singapore is a densely populated tropical country to which dengue fever is endemic.
With the identification of the first local case of Zika virus
disease, the Singapore Ministry of Health (MOH) initiated
active case finding (12,13). The MOH recommended Zika
virus screening for persons with fever and maculopapular
rash, and 1 of the following: arthralgia, myalgia, headache,
and nonpurulent conjunctivitis.
Clinical criteria for disease surveillance are a balancing act for satisfying 2 potentially conflicting needs: sensitivity and specificity. A more sensitive case definition will
identify a larger proportion of true cases, but at the cost
of finding a large number of cases from other causes. In
comparison, a more specific case definition will provide a
more accurate description of true cases, but at the expense
of missing true cases (14).
The Study
We evaluated the performance of surveillance case definitions for Zika virus disease recommended by the CSTE,
WHO, PAHO, ECDC, and the Singapore MOH by using a
cohort of 359 adult patients with suspected Zika virus disease
who came to the Institute of Infectious Diseases and Epidemiology, Tan Tock Seng Hospital, Singapore, the national
referral center for Zika virus disease during the containment
phase of the Zika virus outbreak during August 26– September 5, 2016. All adults living or working in the outbreak area
who were sick and had symptoms that partially or fully met
the MOH definition were screened for Zika virus disease.
At their first visit to the hospital, all patients had their
signs and symptoms documented, and blood and urine samples were obtained for detection of Zika virus nucleic acids by
reverse transcription PCR (RT-PCR) (15). Parallel testing in
the hospital laboratory and at the National Public Health Laboratory (Singapore) was conducted to maximize sensitivity
and negative predictive values to rule out Zika virus infection.
A total of 42.0% of the cohort had Zika virus infection confirmed in blood (4%), urine (36%), or both (60%)
samples (Table 1). Most (80%) infected and noninfected
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Table 1. Clinical characteristics of an adult cohort with suspected Zika virus disease, Singapore, August 26–September 5, 2016*
Characteristic
Zika virus positive, n = 149
Zika virus negative, n = 210
Demographic data
Mean age, y (SD)
38.1 (14.2)
34.2 (12.1)
Sex
M
92 (61.7)
129 (61.4)
F
57 (38.3)
81 (38.6)
Ethnicity
Chinese
109 (73.2)
122 (58.1)
Malay
15 (10.1)
17 (8.1)
Indian
9 (6.0)
24 (11.4)
Other
16 (10.7)
47 (22.4)
Singapore residents
113 (75.8)
131 (62.4)
Signs and symptoms at presentation
Rash
139 (93.3)
94 (44.8)
Fever
118 (79.2)
181 (86.2)
Myalgia
63 (42.3)
124 (59.1)
Headache
35 (23.5)
75 (35.7)
Conjunctivitis
35 (23.5)
32 (15.2)
Arthralgia
34 (22.8)
50 (23.8)
Pruritis
17 (11.4)
17 (8.1)
Any gastrointestinal symptom†
10 (6.7)
25 (11.9)
Fulfilled case definition
United States‡
149 (100.0)
206 (98.1)
World Health Organization§
57 (38.3)
64 (30.5)
PAHO¶
73 (49.0)
50 (23.8)
ECDC#
83 (55.7)
55 (26.2)
Singapore Ministry of Health**
81 (54.4)
51 (24.3)

*Values are no. (%) except as indicated. ECDC, European Centre for Disease Prevention and Control; PAHO, Pan American Health Organization.
†Nausea, vomiting, diarrhea, or abdominal pain.
‡Definition used in the United States (interim, February 2016; confirmed, June 2016) states that clinical criteria for noncongenital Zika virus disease are
defined as >1 of the following: acute onset of fever, maculopapular rash, arthralgia, and conjunctivitis.
§Interim case definition (February 12, 2016) includes rash or fever and >1 of the following signs or symptoms: arthralgia or arthritis, or conjunctivitis
(nonpurulent/hyperemic).
¶Interim case definition (April 1, 2016) includes rash with >2 of the following signs or symptoms: fever, conjunctivitis (nonpurulent/hyperemic), arthralgia,
myalgia, or periarticular edema.
#Interim case definition (March 17, 2016) includes rash with or without fever and >1 of the following signs or symptoms: arthralgia, myalgia, or
conjunctivitis (nonpurulent/hyperemic).
**Case definition (August 2016) includes fever and rash and >1 of the following symptoms: headache, myalgia, arthralgia, or nonpurulent conjunctivitis.

patients were tested <5 days after illness onset (infected patients, mean 3.6 days; noninfected patients, mean 4.6 days).
Infected and noninfected patients were similar in age and
sex. No female patients were pregnant. Among Zika virus–infected patients, rash (93.3%) was the most common
symptom, followed by fever (79.2%) and myalgia (42.3%).
Headache, arthralgia, and conjunctivitis were reported in
<25% patients with Zika virus disease. Pruritus (11.4%)
and gastrointestinal symptoms (6.7%) were relatively uncommon. For patients not infected with Zika virus, fever
(86.2%) was the most common symptom, followed by myalgia (59.1%) and rash (44.8%).
The case definition recommended by CSTE for use in
the United States (US definition) had a sensitivity of 100%

and a specificity of 2% in detecting Zika virus in the cohort (Table 2). The WHO case definition had the lowest
sensitivity (38%). The Singapore MOH case definition had
a sensitivity of 54% and a high specificity of 76%, and performed well in diagnosing Zika virus disease (positive likelihood ratio [LR+] 2.2, 95% CI 1.7–3.0). The performances
of PAHO (LR+ 2.1, 95% CI 1.5–2.8) and ECDC (LR+ 2.1,
95% CI 1.6–2.8) case definitions were similar.
Conclusions
Despite increasing incidence of Zika virus disease and
its spread across the Americas and Asia, there is no internationally adopted common clinical criteria for the
surveillance of this disease. We report a large outbreak

Table 2. Performance of case definitions for diagnosing Zika virus infection in a human cohort during an outbreak, Singapore, August
26–September 5, 2016*
Case definition
Sensitivity, %
Specificity, %
PPV, %
NPV, %
LR+ (95% CI)
LR– (95% CI)
United States
100
2
42
100
1.02 (1.00–1.04)
0
WHO
38
70
47
61
1.3 (0.9–1.7)
0.9 (0.8–1.0)
PAHO
49
76
59
68
2.1 (1.5–2.8)
0.7 (0.6–0.8)
ECDC
56
74
60
70
2.1 (1.6–2.8)
0.6 (0.5–0.7)
Singapore MOH
54
76
61
70
2.2 (1.7–3.0)
0.6 (0.5–0.7)
*ECDC, European Centre for Disease Prevention and Control; LR, likelihood ratio; MOH, Ministry of Health; NPV, negative predictive value; PAHO, Pan
American Health Organization; PPV, positive predictive value; WHO, World Health Organization; +, positive; –, negative.
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cohort of patients with suspected Zika virus infection
and comprehensive documentation of clinical symptoms
and parallel RT-PCR conducted on blood and urine samples for these patients by 2 laboratories. Evaluation of
the performance of surveillance case definitions in such
a cohort would provide useful findings that would contribute to development of guidance for Zika virus disease surveillance.
Diagnosis of Zika virus disease remains suboptimal
because of limited availability of confirmatory testing by
RT-PCR during acute illness and cross-reactivity of serologic tests for Zika virus with other co-circulating flaviviruses (3,4). Thus, a good discriminatory clinical criteria
for disease surveillance is crucial for prevention and control of Zika virus transmission.
The US case definition would identify all Zika virus
infections and be useful for prevention of autochthonous
transmission by imported cases. However, because this
definition is not specific, considerable resources would
be required for confirmatory testing of identified cases.
The definition requires laboratory testing to report a
case. Thus, sensitivity of the definition is most likely appropriate in the US setting. Conversely, the WHO case
definition might miss 60% of Zika virus infections. For
Zika virus disease surveillance in the absence of commercially available diagnostic laboratory tests, case definitions incorporating rash as a required clinical criteria,
such as the PAHO, ECDC, and Singapore MOH case
definitions, would be useful (LR+ >2), although ≈50%
(range 44%–51%) of cases of Zika virus disease could
be missed.
The main limitation of this study is that it included only
adults. However, the small number of children infected with
Zika virus during the containment phase of the outbreak
in Singapore had symptoms similar to those for adults (A.
Chow et al., unpub. data). Some Zika virus infections could
have been misclassified as noninfections because RT-PCR
could have missed infections late in the illness course or after
development of antibodies against Zika virus.
In conclusion, we evaluated the performance of 5 case
definitions for Zika virus disease surveillance. In the current effort to halt transmission of this virus worldwide,
and with laboratory tests being largely inaccessible, use of
surveillance case definitions that include rash as a required
clinical criteria would provide a high yield in identifying
Zika virus disease.
Dr. Chow is a preventive medicine physician at and head of the
Department of Clinical Epidemiology, Institute of Infectious
Diseases and Epidemiology, Tan Tock Seng Hospital, Singapore.
Her primary research interest is infectious disease epidemiology.
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Detection of Zika Virus in Desiccated
Mosquitoes by Real-Time Reverse
Transcription PCR and Plaque Assay
Kristen L. Burkhalter, Harry M. Savage
We assayed Zika virus–infected mosquitoes stored at room
temperature for <30 days for live virus by using plaque assay and virus RNA by using real-time reverse transcription
PCR. Viable virus was detected in samples stored <10 days,
and virus RNA was detected in samples held for 30 days.

L

aboratory detection of Zika virus in field-collected
mosquitoes is often accomplished by using molecular methods, such as reverse transcription PCR (RT-PCR)
or virus isolation protocols. Sample handling conditions
recommended for these assays include maintaining a cold
chain from field to laboratory to preserve live virus and
mitigate degradation of virus RNA.
Ideally, mosquitoes should be stored and shipped to a
diagnostic laboratory at a temperature of −70°C or below.
However, in some locations, an optimal cold chain is difficult to maintain when shipping the specimens because of
unavailability of a liquid nitrogen or dry ice supplier. We
tested Zika virus–infected mosquitoes that had been stored
at room temperature for <30 days by using real-time RTPCR to determine the rate of recovery of virus RNA and
Vero cell plaque assays to determine the rate of recovery
of infectious virus.
The Study
Female, laboratory-reared Aedes aegypti (REXD strain)
mosquitoes were intrathoracically inoculated with 0.3 μL
of ≈4.7 log10 PFU/mL of Zika virus (MR766 strain) as described (1). Inoculated mosquitoes were incubated for 7
days at 26°C and a relative humidity of 80% during a 16:8
h photoperiod, then killed by freezing overnight at −80°C.
Nine mosquitoes were retained at −80°C until the end of
the experiment to serve as controls (referred to as day 0).
The remaining mosquitoes were kept in an open petri dish
at room temperature (21°C) and a relative humidity of 50%
during a 16:8 h photoperiod until collected. Six mosquitoes
were collected every other day, from day 2 through day 30,
and stored at −80°C until tested.
Author affiliation: Centers for Disease Control and Prevention,
Fort Collins, Colorado, USA
DOI: http://dx.doi.org/10.3201/eid2304.161772
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Mosquitoes were homogenized individually in 500 μL
of cell culture medium/bovine albumin by vortexing with 1
copper-clad steel bead, and centrifuged for 3 min at 1,700
× g. We extracted virus RNA from a 100-μL aliquot of the
resulting supernatant by using the QIAmp Virus BioRobot 9604 Kit and a BioRobot Universal System (QIAGEN,
Valencia, CA, USA) according to the manufacturer’s protocol. Real-time RT-PCR (sensitivity limit 25 RNA copies)
(2) was performed by using a Quantitect Probe RT-PCR
Kit (QIAGEN) and primers specific for the envelope region
of the Zika virus genome, according to the manufacturer’s
instructions. Samples with a cycle threshold (Ct) <38 were
considered positive. In addition, day 0 control mosquitoes
that had been stored at −80°C and all mosquitoes collected
on days 2–30 were assayed for viable virus by using Vero
plaque assay cell culture as described (3).
Vero cell plaque assay results for day 0 samples, which
were frozen until testing and served as controls, had expected virus titers (range 6.3–6.8 log10 PFU/mL) (Table).
Viable virus was recovered from 6/6 (100.0%) pools collected on day 2, 2/6 (33.3%) pools collected on day 4, 1/6
(16.6%) pools collected on day 6, and 1/6 (16.6%) pools
collected on day 10. Titers of viable virus recovered from
individual desiccated mosquitoes at days 2–10 ranged from
1.69 to 2.6 log10 PFU/mL (Table). The remaining replicates
from days 4, 6, and 10, and all replicates from day 8 and
days 12–30 did not produce plaques. A similar study with
dried Zika virus stock stored at room temperature for 4.5
days showed that virus was still infectious after reconstitution at 3.5 days (4), which correlates with our findings for
desiccated mosquitoes.
Although virus titers of desiccated mosquitoes had
been reduced, evidence of residual infectivity indicates
that precautions, such as use of proper personal protective equipment and appropriate biosafety protocols, are
required when handling field-collected samples regardless
of storage conditions because these samples might contain
viable virus. The large reduction of infectivity in desiccated
samples collected on days 2–10 and the complete reduction
of infectivity in samples beyond day 10 confirm that a cold
chain is required if infectious virus retrieval is the goal of
the field collection effort.
Maintaining a cold chain is less critical for detecting
Zika virus RNA in mosquito pools. Real-time RT-PCR
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Table. Zika virus titers for infected mosquitoes stored at room
temperature (21°C) and collected every other day for 2–30 days
and control samples*
Day of
No. samples with live
Mean titer, log10
collection
virus/no. tested (%)
PFU/mL (95% CI)
0
9/9 (100.0)
6.62 (6.52–6.72)
2
6/6 (100.0)
2.3 (2.06–2.54)
4
2/6 (33.3)
1.85 (0.63–3.07)
6
1/6 (16.6)
1.69
8
0/6 (0)
NA
10
1/6 (16.6)
2.5
12–30
0/6 per day (0)
NA
*Control samples (day 0) were stored at 80°C until testing. NA, not
applicable.

Ct values for day 0 control samples ranged from 23.9 to
29.1 (Figure). Although Ct values of desiccated samples
increased over the 30-day holding period, all samples from
each time point were positive (Ct <38), with the exception
of 1 sample from day 18 from which virus RNA could not
be detected (Figure). Stability of virus RNA from either
mosquito samples or lyophilized virus held at room temperature has been demonstrated for other arboviruses, including West Nile, chikungunya, yellow fever, and Venezuelan
equine encephalitis viruses (5–7). Future evaluations that
include variable temperature, lighting conditions, and humidity would elucidate how diverse conditions encountered in the field affect recovery of Zika virus RNA.
Conclusions
Results from this study suggest that, although Zika virus
RNA in samples kept at room temperature degrades with
time, qualitative detection by real-time RT-PCR is possible for up to 30 days. Although agencies should strive
to implement recommended protocols and maintain a cold
chain, this is not always possible when performing fieldbased entomologic arbovirus surveillance, particularly
in remote areas where dry ice and ultralow freezers are

absent. If the goal of a surveillance program is to determine
the infection rate in mosquito populations as efficiently as
possible, and is not focused on recovery of live virus, storage and shipment from the field to the testing laboratory
under less than optimal conditions would be sufficient for
virus detection by using real-time RT-PCR.
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Surveillance and Testing for Middle East
Respiratory Syndrome Coronavirus,
Saudi Arabia, April 2015–February 2016
Abdulaziz A. Bin Saeed, Glen R. Abedi,
Abdullah G. Alzahrani, Iyad Salameh,
Fatima Abdirizak, Raafat Alhakeem,
Homoud Algarni, Osman A. El Nil,
Mutaz Mohammed, Abdullah M. Assiri,
Hail M. Alabdely, John T. Watson, Susan I. Gerber
Saudi Arabia has reported >80% of the Middle East respiratory syndrome coronavirus (MERS-CoV) cases worldwide.
During April 2015–February 2016, Saudi Arabia identified
and tested 57,363 persons (18.4/10,000 residents) with
suspected MERS-CoV infection; 384 (0.7%) tested positive.
Robust, extensive, and timely surveillance is critical for limiting virus transmission.

M

iddle East respiratory syndrome (MERS) coronavirus
(CoV) causes severe respiratory illness in humans,
with death occurring in >35% of reported cases (1). MERS
has been documented among persons with close contact
with known case-patients in healthcare (2) and household
(3) settings and among persons with recent contact with
dromedaries (4). Proper clinical management of persons
with suspected MERS-CoV infection who seek care in a
healthcare setting relies upon adherence to recommended
infection-control precautions (5), which in turn depends
upon the early recognition of cases.
The International Health Regulations Emergency
Committee of the World Health Organization reported that
data sharing for this disease, including sharing of surveillance results, “remains limited and has fallen short of expectations” (6). To determine the extent of MERS surveillance in Saudi Arabia, we reviewed electronic surveillance
data collected during April 1, 2015–February 1, 2016, to
describe trends in surveillance for MERS and to compare
demographic and clinical features among persons tested.

definition categories (online Technical Appendix Table,
https://wwwnc.cdc.gov/EID/article/23/4/16-1793-Techapp1.
pdf). In brief, the categories are persons with communityacquired pneumonia (category I); healthcare-associated
pneumonia (II); symptoms after exposure to a MERS-CoV
case-patient (III); or unexplained febrile illness (IV). The case
definition was revised in May 2014 (7); additional refinements
were made in June 2015 (8). The 2015 definition included
changes to the approach for testing children <14 years of age
with nonsevere illness (testing is reserved for children with
exposure to camels or camel products or to a confirmed or
suspected MERS case-patient). In addition to suspected cases,
testing is recommended for close contacts of persons with
confirmed MERS-CoV infection, regardless of symptoms,
and can also be requested at the discretion of an infectious disease consultant. Tests are performed on respiratory specimens
at 5 regional laboratories using real-time PCR (9).
Since March 7, 2015, official reporting of cases referred
for MERS-CoV testing in Saudi Arabia has exclusively been
documented through the Health Electronic Surveillance Network (HESN). When a suspected case-patient is identified
for testing, the referring hospital reports demographic and
basic clinical data to HESN (Figure 1). After specimens are

The Study
In Saudi Arabia, persons who should be tested for MERS-CoV
include suspect case-patients who meet at least 1 of 4 case
Author affiliations: Ministry of Health, Riyadh, Saudi Arabia
(A.A. Bin Saeed, A.G. Alzahrani, I. Salameh, R. Alhakeem,
H. Algarni, O.A. El Nil, M. Mohammed, A.M. Assiri, H.M. Alabdely);
Centers for Disease Control and Prevention, Atlanta, Georgia,
USA (G.R. Abedi, F. Abdirizak, J.T. Watson, S.I. Gerber).
DOI: http://dx.doi.org/10.3201/eid2304.161793
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Figure 1. Reporting pathway for data regarding persons tested
for Middle East respiratory syndrome coronavirus infection to the
Health Electronic Surveillance Network (HESN), Saudi Arabia,
2014–2016.
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submitted and testing completed, the regional laboratory reports the result to HESN. For positive cases, the referring
hospital submits additional clinical information, and the local Health Affairs Directorate (HAD) initiates an investigation of exposures and contacts. For negative test results, no
further action is taken in HESN. Surveillance activities occur in each of the 20 local HADs and among Hajj pilgrims.
We analyzed demographic, clinical, and laboratory data for
persons reported to HESN during April 1, 2015–February 1,
2016, in aggregate and by HAD using Microsoft Excel 2013
(Microsoft Corp., Redmond, WA, USA) and SAS version
9.3 (SAS Institute, Inc., Cary, NC, USA).
A total of 57,363 suspected MERS case-patients were
identified and tested during the study period; 384 (0.7%)
tested positive (Table 1). Among those for whom nationality
and sex were known, 70.3% were Saudi (compared with

67.3% of the general population) and 54.3% were male.
Rates of positivity among those with known age differed
by age group; highest and lowest rates were among persons
50–65 and <14 years of age, respectively (Table 1). The
month with the highest number of tested persons was November 2015 (n = 9,197) (Figure 2), and the month with the
highest percentage of positive tested persons was August
2015 (3.4% of 4,770 tested persons).
Among tested persons for whom the reason for testing
was known, 89.0% met the clinical case definition for suspected MERS (Table 1). The remaining 11.0% were those
recommended for testing by an infectious disease consultant and asymptomatic contacts of confirmed case-patients.
More than half of those tested (60.2%) met the category I
definition (community-acquired pneumonia) for a suspected case-patient; 0.3% tested positive. The highest positivity

Table 1. Demographic characteristics of persons tested for Middle East respiratory syndrome coronavirus, Saudi Arabia, April 1,
2015–February 1, 2016
Characteristic
No. (%) confirmed
No. (%) not confirmed
No. (%) total
% Positive
Overall
384
56,979
57,363
0.7
Sex
F
156 (40.8)
25,863 (45.7)
26,019 (45.7)
0.6
M
226 (59.2)
30,718 (54.3)
30,944 (54.3)
0.7
Total
382
56,581
56,963
0.7
Nationality
Saudi
246 (69.7)
34,628 (70.3)
34,874 (70.3)
0.7
Non Saudi
107 (30.3)
14,604 (29.7)
14,711 (29.7)
0.7
Total
353
49,232
49,585
0.7
Reason for testing
Suspected case*
286 (77.1)
47,592 (89.1)
47,878 (89.0)
0.6
Category I
87 (23.5)
32,284 (60.5)
32,371 (60.2)
0.3
Category II
67 (18.1)
2,662 (5.0)
2,729 (5.1)
2.5
Category III
107 (28.8)
4,669 (8.7)
4,776 (8.9)
2.2
Category IV
25 (6.7)
7,977 (14.9)
8,002 (14.9)
0.3
Recommended by infectious disease
66 (17.8)
3,256 (6.1)
3,322 (6.2)
2.0
consultant
Patient asymptomatic
19 (5.1)
2,555 (4.8)
2,574 (4.8)
0.7
Total
371
53,403
53,774
0.7
Month of report
April 2015
10 (2.6)
4,953 (8.7)
4,963 (8.7)
0.2
May 2015
54 (14.1)
4,414 (7.7)
4,468 (7.8)
1.2
June 2015
24 (6.3)
3,090 (5.4)
3,114 (5.4)
0.8
July 2015
24 (6.3)
2,634 (4.6)
2,658 (4.6)
0.9
August 2015
160 (41.7)
4,610 (8.1)
4,770 (8.3)
3.4
September 2015
66 (17.2)
6,520 (11.4)
6,586 (11.5)
1.0
October 2015
28 (7.3)
7,568 (13.3)
7,596 (13.2)
0.4
November 2015
6 (1.6)
9,191 (16.1)
9,197 (16.0)
0.1
December 2015
5 (1.3)
7,280 (12.8)
7,285 (12.7)
0.1
January 2016
6 (1.6)
6,487 (11.4)
6,493 (11.3)
0.1
February 2016
1 (0.3)
232 (0.4)
233 (0.4)
0.4
Total
384
56,979
57,363
0.7
Age, y
0–14
10 (2.6)
8,022 (14.2)
8,032 (14.1)
0.1
15–34
97 (25.4)
17,621 (31.1)
17,718 (31.1)
0.5
35–49
82 (21.5)
10,201 (18.0)
10,283 (18.0)
0.8
50–65
109 (28.5)
10,082 (17.8)
10,191 (17.9)
1.1
>66
84 (22.0)
10,692 (18.9)
10,776 (18.9)
0.8
Total
382
56,618
57,000

*Categories: I, acute respiratory illness with clinical and/or radiologic evidence of pulmonary parenchymal disease (pneumonia or acute respiratory
distress syndrome); II, a hospitalized patient with healthcare associated pneumonia based on clinical and radiological evidence; III, upper or lower
respiratory illness within 2 weeks after exposure to a confirmed or probable case of MERS-CoV; IV, unexplained acute febrile (>38°C) illness, and body
aches, headache, diarrhea, or nausea/vomiting, with or without respiratory symptoms, and leukopenia (white blood cell count <3.5 × 109/L) and
thrombocytopenia (platelets <150 × 109/L). Descriptions are from the Saudi Arabia Ministry of Health MERS-CoV Case Definition and Surveillance
Guidance–Updated June 2015 (http://www.moh.gov.sa/en/CCC/Regulations/Case%20Definition.pdf).

Emerging Infectious Diseases • www.cdc.gov/eid • Vol. 23, No.4, April 2017

683

DISPATCHES

Figure 2. Number persons tested and percent positive for Middle East respiratory syndrome coronavirus, Saudi Arabia, April 1, 2015–
February 1, 2016.

rate, 2.5%, was among persons meeting the category II definition for a suspected case-patient (healthcare-associated
pneumonia). Among all persons with presumed exposure
to MERS case-patients (persons meeting categories II, III
and asymptomatic contacts of confirmed case-patients),
the positivity rate was 1.9%. Among the 185 confirmed
case-patients with available occupational information, 35
(18.9%) were healthcare workers (data not shown).
Most tested persons were reported in the course of routine surveillance through a local HAD. Nationwide, 18.4
persons/10,000 inhabitants were tested, and 1.2/100,000
were MERS-CoV–positive (10) (Table 2). Rates of testing
and positivity varied by HAD; the highest testing rates were
in Ahsa HAD, followed by Riyadh HAD. Najran HAD had
the highest percentage of positive persons (Table 2).
In addition, surveillance during the annual Hajj pilgrimage included 888 tested persons during September 2015,
representing 4.5 tested persons/10,000 among 1,952,817
pilgrims. None tested positive for MERS-CoV.

Among 8,032 children <14 years of age, 10 (0.1%)
tested positive, including 5 who were <1 year of age. At
least 7 of the 10 children were tested because of exposure
to a MERS case-patient. The number of tests among children <14 years of age temporarily dropped after the case
definition revision in June 2015, which introduced more
stringent criteria for testing.
Conclusions
Surveillance and testing for MERS-CoV infection is
extensive and widespread in Saudi Arabia. During our
study, an average of >5,000 persons per month were
identified as being at high risk for infection due to clinical or epidemiologic criteria and were subsequently
tested. MERS was first recognized in 2012, and as of
November 3, 2016, Saudi Arabia has reported 80.9%
of the cases reported worldwide (11); this distinction
may be partly due to the country’s robust implementation of surveillance practices and the ready availability

Table 2. Middle East respiratory syndrome cases by local Health Affairs Directorate and among Hajj pilgrims, Saudi Arabia, April 1,
2015–February 1, 2016*
No. positive/no.
No. tested/10,000
No. confirmed
Surveillance population
Population
tested
population
cases/100,000 population % Positive
Local Health Affairs Directorate
Riyadh
7,717,467
276/22,322
28.9
3.6
1.2
Jeddah
4,224,568
10/6,606
15.6
0.2
0.2
Eastern
3,019,461
2/7,319
24.2
0.1
0
Makkah
2,111,127
2/3,729
17.7
0.1
0.1
Madinah
2,012,749
8/2,258
11.2
0.4
0.4
Asir
1,766,212
6/1,730
9.8
0.3
0.3
Jazan
1,533,496
0/790
5.2
0
0
Qasim
1,370,727
5/1,091
8.0
0.4
0.5
Taif
1,257,888
7/1,866
14.8
0.6
0.4
Ahsa
1,193,373
57/5,359
44.9
4.8
1.1
Tabuk
887,383
1/732
8.2
0.1
0.1
Hail
670,468
0/685
10.2
0
0
Najran
568,631
10/494
8.7
1.8
2.0
Baha
461,360
0/184
4.0
0
0
Hafr al-Batin
437,349
0/145
3.3
0
0
Bisha
379,521
0/227
6.0
0
0
Northern Borders
359,297
0/240
6.7
0
0
Jauf
329,277
0/390
11.8
0
0
Qunfudha
304,392
0/183
6.0
0
0
Qurayat
165,629
0/122
7.4
0
0
Total
30,770,375
384/56,472
18.4
1.2
0.7
Hajj pilgrims
Total
1,952,817
0/888
4.5
0
0
*Population data from (10).
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of testing, which is facilitated by HESN. We found few
other published descriptions of surveillance practices for
MERS-CoV (12,13).
Confirmed MERS case-patients represented <1% of all
tested persons in Saudi Arabia. Most tests were conducted
for persons with community-acquired pneumonia, among
whom the positivity rate was predictably low. Positivity
rates were highest among persons tested because of presumed exposure to MERS case-patients (i.e., those tested
because of healthcare-acquired pneumonia or onset of
symptoms following contact with a confirmed case-patient).
Only 0.1% of children <14 years of age tested positive for MERS-CoV; this was the lowest rate among all
age groups. Most MERS-CoV–positive children <14 years
of age were tested because of high-risk exposures, not because they met clinical criteria. Although the proportion of
positive tests was highest among persons >35 years of age,
the number of tests was highest among persons 18–34 years
of age, perhaps because of widespread testing of healthcare
workers during outbreaks.
The largest number of tests was conducted in November, coinciding with the winter respiratory virus season.
In comparison, the proportion of positive tests peaked in
May and August, coinciding with outbreaks that occurred
in Ahsa (14) and Riyadh (15), respectively.
Our analysis had limitations. Variations were probably
present in the reporting practices of the various data reporters, in the clinical diagnostic practices used across Saudi
Arabia, and among investigation teams. Such variations
could affect the completeness, accuracy, and timeliness of
the data used for this assessment.
Surveillance and testing for MERS-CoV throughout
Saudi Arabia is extensive, as documented by HESN; in a
single month during this study, >9,000 patients at high risk
for MERS were investigated. A continued robust approach
to the early detection of patients with MERS is critical for
the prompt implementation of infection-control precautions and the prevention of healthcare-associated transmission of MERS-CoV.
Dr. Bin Saeed served as Deputy Minister for Preventive Health
at the Saudi Arabia Ministry of Health from October 2014
through October 2016 and is currently a professor of
epidemiology in the Department of Family and Community
Medicine at King Saud University College of Medicine in
Riyadh. His research interests include epidemiologic
methodologies, infection control, and outbreak investigations.
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Antiviral Drug–Resistant Influenza B
Viruses Carrying H134N Substitution
in Neuraminidase, Laos, February 2016
Tatiana Baranovich, Phengta Vongphrachanh,
Pakapak Ketmayoon, Thongchanh Sisouk,
Khampheng Chomlasack,
Viengphone Khanthamaly, Ha Thuy Nguyen,
Vasiliy P. Mishin, Henju Marjuki, John R. Barnes,
Rebecca J. Garten, James Stevens,
David E. Wentworth, Larisa V. Gubareva
In February 2016, three influenza B/Victoria/2/87 lineage
viruses exhibiting 4- to 158-fold reduced inhibition by neuraminidase inhibitors were detected in Laos. These viruses
had an H134N substitution in the neuraminidase and replicated efficiently in vitro and in ferrets. Current antiviral drugs
may be ineffective in controlling infections caused by viruses harboring this mutation.

I

nfluenza B viruses cause annual epidemics and contribute to ≈30% of influenza-associated deaths among children in the United States (1). Two lineages, B/Victoria/2/87
and B/Yamagata/16/88, have been co-circulating globally in recent years (2,3). Neuraminidase (NA) inhibitors
(NAIs) are the only drugs available for treating influenza
B virus infections, but NA mutations that emerge during
treatment or due to natural variance can diminish the usefulness of NAIs.
The Study
For this study, the National Center for Laboratory and
Epidemiology in Vientiane, Laos, a member of the World
Health Organization Global Influenza Surveillance and
Author affiliations: Carter Consulting, Inc., Atlanta, Georgia, USA
(T. Baranovich); World Health Organization Collaborating Center
for Surveillance, Epidemiology and Control of Influenza, Atlanta
(T. Baranovich, V. Khanthamaly, H.T. Nguyen, V.P. Mishin, H.
Marjuki, J.R. Barnes, R.J. Garten, J. Stevens, D.E. Wentworth,
L.V. Gubareva); Centers for Disease Control and Prevention,
Atlanta (T. Baranovich, V. Khanthamaly, H.T. Nguyen, V.P. Mishin,
H. Marjuki, J.R. Barnes, R.J. Garten, J. Stevens, D.E. Wentworth,
L.V. Gubareva); National Center for Laboratory and Epidemiology,
Vientiane, Laos (P. Vongphrachanh, P. Ketmayoon, T. Sisouk,
K. Chomlasack); World Health Organization Emerging Disease
Surveillance and Response Unit, Vientiane, Laos (P. Ketmayoon);
Battelle Memorial Institute, Atlanta (H.T. Nguyen)
DOI: http://dx.doi.org/10.3201/eid2304.161876
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Response System, provided influenza A and B viruses to
the World Health Organization Collaborating Center at the
Centers for Disease Control and Prevention (CDC) in Atlanta, Georgia, USA; the viruses had been collected during
October 1, 2015–February 29, 2016. We propagated the
viruses and then used the CDC standardized NA inhibition assay to assess their susceptibility to NAIs (4). Compared with the median 50% inhibitory concentration (IC50)
values for B-Victoria lineage viruses, IC50 values for 2 of
the 24 B-Victoria lineage viruses, B/Laos/0406/2016 and
B/Laos/0525/2016, were elevated for zanamivir (129- to
158-fold), oseltamivir (4-fold), peramivir (72- to 74-fold),
and laninamivir (41- to 42-fold) (Table 1). These results
were interpreted as highly reduced inhibition by zanamivir,
normal inhibition by oseltamivir, and reduced inhibition by
peramivir and laninamivir (Table 1) (5).
This interpretation is useful but obscures the higher
median oseltamivir IC50 value (9.67 nmol/L vs. 0.42–1.47
nmol/L for other NAIs; Table 1) and the lower potency of
oseltamivir in inhibiting NA activity of influenza B viruses
(4,7). Moreover, reports from clinical studies indicate a
lesser susceptibility of influenza B viruses to oseltamivir
than to zanamivir (7–9). Although the laboratory criteria
defining clinically relevant NAI resistance are not established, the inhibitory profiles of these 2 viruses suggest
resistance to >1 antiviral drugs. NA sequence analysis
revealed that both viruses had an amino acid substitution,
histidine (H)→asparagine (N), at the highly conserved residue 134 (NA-H134N) (6); the presence of H134N in the
respiratory specimens was confirmed by pyrosequencing
(Figure 1) (10). NA-H134Y was previously reported in influenza B virus displaying reduced inhibition by peramivir
(11). The inhibition profile of influenza B viruses bearing
NA-H134N resembles that of influenza A(H1N1) viruses
carrying NA-Q136R (residue 134 in influenza B NA corresponds to 136 in N1 numbering) (12). Residue 134 (136)
has been implicated in the conformational change of the
150-loop, which may adversely affect the interaction between the NA active site and NAIs, especially those containing the guanidyl group (online Technical Appendix
Figure, https://wwwnc.cdc.gov/EID/article/23/4/16-1876Techapp1.pdf).
To expand testing, the Laos National Center for Laboratory and Epidemiology provided 40 additional specimens
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Table 1. Neuraminidase inhibitor susceptibility of influenza B viruses isolated from human respiratory specimens. Laos, 2016*
NA amino
Date
Mean IC50  SD, nmol/L (fold change)†‡
acid
specimen
GISAID
Virus isolate
change§
Zanamivir
Oseltamivir¶
Peramivir
Laninamivir
collected
accession no.
B/Laos/0080/
H134
14 Jan
EPIISL 222862
1.09  0.16 (1) 14.48  1.76 (1) 0.36  0.05 (1)
1.15  0.02 (1)
2016
B/Laos/0406/
H134N
9 Feb
EPIISL 230596
148.36  14.40 37.87  1.96 (4)
31.09  3.70
62.43  4.66
2016
(129)
(74)
(42)
B/Laos/0525/
H134N
15 Feb
EPIISL 230599
176.03  11.14 37.55  5.60 (4)
30.25  2.90
60.12  2.38
2016
(158)
(72)
(41)
B/Laos/0654/
H134N
25 Feb
EPIISL 230600
151.95  16.30 35.06  5.08 (4)
31.29  0.24
61.53  1.03
2016
(138)
(75)
(42)

*Viruses were isolated and propagated on MDCK cells. Susceptibility was determined using a fluorescence-based neuraminidase (NA) inhibition assay.
†IC50 values (NA inhibitor concentration needed to reduce NA activity by 50%) represent mean  SD from 3 independent experiments.
‡Fold change compared with the median IC 50 value determined for influenza B-Victoria lineage viruses (n = 430) that were circulating worldwide during the
2015‒16 influenza season. Median IC50 values are 1.11, 9.67, 0.42, and 1.47 nM for zanamivir, oseltamivir, peramivir, and laninamivir, respectively. Bold
indicates fold increases that correspond to reduced inhibition (5- to 50-fold) or to highly reduced (>50-fold) inhibition by a NAI, as outlined by the World
Health Organization Expert Working Group of the Global Influenza Surveillance and Response System for Surveillance on Antivir al Susceptibility (5).
§Amino acid residue 134 in influenza type B NA corresponds to residue Q136 in N1 and N2 NA amino acid numbering (6).
¶Oseltamivir carboxylate was used in NA inhibition assay.

that were positive for B-Victoria lineage virus by real-time
reverse transcription PCR (13), bringing the total number
tested to 64. The specimens were collected during October 2015–April 2016 in Champasack (n = 41), Vientiane (n
= 12), Luangprabang (n = 7), and Saravanh (n = 5) Provinces from 28 male and 37 female patients (median age 7
[range 0–67] years). Pyrosequencing revealed NA-H134N
in 1 specimen; the respective isolate, B/Laos/0654/2016,
displayed the expected NA inhibition profile (Table 1). In
total, we found the NA-H134N substitution in 3 (4.6%) of
the 65 tested B-Victoria viruses. Analysis of NA sequences
deposited to the GISAID database (http://www.gisaid.org)
revealed that among 8,601 sequences of influenza B virus-

es collected worldwide during October 2014–September
2016, only 3 other sequences contained a substitution at
H134 (2 harbored H134Y and 1 H134L); the 3 sequences
were for B-Victoria lineage viruses.
Epidemiologic data revealed that the NA-H134N viruses were collected from a young woman, a young man,
and a 3-year-old girl residing in 2 distant provinces (Table
2). The 3 infections occurred 6–10 days apart in February 2016, and 1 of the patients received medical care for
severe acute respiratory illness. No epidemiologic links
were identified among the 3 patients infected with the
drug-resistant viruses, and patients had no documented
exposure to NAIs.

Figure 1. Neuraminidase gene
segment (nts 399–497) of
influenza B/Laos/0080/2016 virus
carrying NA-H134 (A) and B/
Laos/0654/2016, NA-N134 (B).
RNA extracted from respiratory
specimens was used for reverse
transcription PCR (RT-PCR)
amplification. Two primers, NA-B242F (5′-CATACCCGCGTTTAT
CTTGC-3′, forward primer)
and NA-B-426Rb (biotin-5′CTGTCTCCTCTTGTTCC
ATTGTAG-3′, reverse biotinylated
primer) were used in RTPCR, essentially as described
previously (10); primer NA-B378Fs (5′-TGCAAACACTTTG
CTTTAAC-3′) was used for
pyrosequencing. Underlining
indicates nucleotide triplet
encoding amino acid residue 134.
Shading indicates the nucleotides
used to determine the proportion
of H134 and N134 neuraminidase variants. Pyrosequencing dispensation order: E-Enzyme mixture; S-substrate mixture; G, C, A and T –
nucleotides dGTP, dCTP; dATPαS and dTTP, correspondingly.
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Table 2. NA-H134N substitution–containing influenza B viruses that caused confirmed infection among 3 persons, Laos, February
2016*
Amino acid change in virus genes†
Patient information
NA
HA
M1
NS1‡
Virus name, passage
Age,
Clinical
Location,
Date specimen
history§
H134¶ D390
V225
E73
H159
V220
y/sex
pres.
province
collected
B/Laos/0406/2016
22/F
SARI
Vientiane
Feb 9
Original
N
D/E
‒
‒
Q
‒
C2
N
D/E
‒
E/G
Q
‒
B/Laos/0525/2016
23/M
ILI
Champasack
Feb 15
Original
N
‒
A
‒
Q
‒

C2
N
‒
A
‒
Q
‒
B/Laos/0654/2016
3/F
ILI
Champasack
Feb 25
Original
N
‒
‒
‒
Q
I
C1
N
‒
‒
‒
Q
I
*HA, hemagglutinin; ILI, influenza-like illness; M1, matrix protein 1; NA, neuraminidase; NS1, nonstructural protein 1; Pres., presentation; SARI, severe
acute respiratory illness; –, indicates same amino acid residue as in the consensus sequence of B-Victoria viruses that were circulating in Laos during the
2015‒16 influenza season.
†Strain-specific amino acid sequence numbering is used. Sequences for all 8 gene segments were generated using the MiSeq sequencing system
(Illumina Inc., San Diego, CA, USA) (14) (online Technical Appendix Table 1, https://wwwnc.cdc.gov/EID/article/23/4/16-1876-Techapp1.pdf). Data are
amino acid differences in protein-coded regions of NA, HA, M1, and NS1 genes compared with the consensus sequence. Not shown: synonymous
nucleotide mutations that were common for the NA-H134N viruses: PB1-c93t, PB1-g1930a, and HA-g1520a. In addition, NA-H134N viruses differed from
each other by the following synonymous nucleotide mutations: B/Laos/0406/2016 possessed NS1-g345a, B/Laos/0525/2016 possessed NA-t762a, NS1a561g, and B/Laos/0654/2016 possessed NS2-g186a.
‡Corresponds to position 219 in NS1 protein numbering used by Ma et al. (15).
§Original indicates specimen collected from patient; C1 and C2 indicates virus propagated 1 or 2 times on MDCK cells.
¶Presence of the NA-H134N substitution in the original respiratory specimens was confirmed by a pyrosequencing assay (Figure 1; online Technical
Appendix Table 2).

The 3 drug-resistant viruses were genetically similar to other B-Victoria lineage viruses circulating in Laos
during 2015‒2016. Besides having the NA-H134N amino
acid substitution, these viruses also shared the M1-H159Q
amino acid substitution not identified in other virus sequences (Table 2). Also, these viruses have 3 synonymous nucleotide mutations: PB1-c93t, PB1-g1930a, and HA-g1520a.
In addition, B/Laos/0406/2016, B/Laos/0525/2016, and B/
Laos/0654/2016 harbored substitutions NA-D390D/E, HAV225A, and NS1-V220I, respectively (Table 2). An analysis
of influenza B NS1 sequences available in the GISAID database (as of September 12, 2016) indicated that NS1-V220I
is rare, present in only 7 (0.1%) of 10,405 sequences. Taken
together, the geographic distance between the sites where the
drug-resistant viruses were collected and the differences in
their genomes point toward the possibility of influenza NAH134N viruses circulating in Laos communities.
Results of the NA inhibition assay showed that NAH134N impairs binding of NAIs to the active site of the enzyme. To determine whether this change also affects other
properties (e.g., thermostability) of the enzyme, we incubated
3 H134N viruses at elevated temperatures for 15 min and then
assessed their NA activity (Figure 2, panel A). The H134N
substitution reduced the thermostability of the enzyme. This
was evident from the undetectable activity levels starting at
47.5°C, which was 7.5°C lower than that for the control virus,
B/Laos/0880/2016, with H134 (p<0.001) (Figure 2, panel A).
To assess the replicative fitness of NA-H134N viruses, we used primary human differentiated normal human
bronchial epithelial (NHBE) cells, a cell culture system
that morphologically and functionally recapitulates the
human airway. The NA-H134N viruses displayed ≈1–2
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log10 lower titers at 24–72 h after inoculation (Figure 2,
panel B). Although, the virus yield reduction (area under
the curve) was evident for 2 of the NA-H134N viruses
(AUC2–72 [p<0.05]) (Figure 2, panel B), the difference was
not statistically significant for B/Laos/0654/2016 (Figure 2,
panel B). The growth kinetics data in differentiated NHBE
cells indicate an attenuated phenotype for NA-H134N viruses in vitro. Unlike the other 2 drug-resistant viruses, B/
Laos/0654/2016 had substitution NS1-V220I, which resides at the recently discovered second RNA binding site
of the NS1 protein of influenza B viruses (15). This finding
suggests a possible compensatory effect of NS1-V220I on
the in vitro replicative capacity of B/Laos/0654/2016.
We assessed the replicative fitness of drug-resistant
B/Laos/0654/2016 in three 4- to 6-month-old male ferrets
(Mustela putorius furo) (Triple F Farms, Sayre, PA, USA)
that were serologically negative by HI assay for currently
circulating influenza A(H1N1)pdm09, A(H3N2), and B
viruses. At 48 h after inoculation with virus (104 50% tissue culture infectious dose/mL), ferrets displayed fever
(>1.5°C above baseline) that lasted 21.8 ± 5.1 h on average.
Virus shedding lasted 6 days; nasal wash virus titers, which
were determined daily, were 4.2 ± 0.4; 6.0 ± 0.2; 4.8 ± 0.4,
4.7 ± 0.4, 4.7 ± 0.6, and 2.8 ± 0.4 log10 50% tissue culture
infectious doses/mL, respectively. These data suggest that
the drug-resistant virus can replicate to high titers in the upper respiratory tract of ferrets and induce persistent fever.
Conclusions
In February 2016, we detected 3 influenza B viruses in
Laos bearing a rare NA-H134N substitution. Current antiviral medications may not effectively control infections
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caused by such viruses. Virus harboring NA-H134N and
NS1-V220I replicated efficiently in NHBE cells and in
the ferret upper respiratory tract. Studies to ascertain the
effect of NA-H134N and NS1-V220I on influenza B virus virulence and transmissibility in a mammalian host
are needed.
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Characterization of Highly Pathogenic
Avian Influenza Virus A(H5N6),
Japan, November 2016
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Takahiro Hiono, Aya Matsuu, Yuko Uchida,
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Highly pathogenic avian influenza viruses (HPAIVs)
A(H5N6) were concurrently introduced into several distant
regions of Japan in November 2016. These viruses were
classified into the genetic clade 2.3.4.4c and were genetically closely related to H5N6 HPAIVs recently isolated in
South Korea and China. In addition, these HPAIVs showed
further antigenic drift.

S

ince their emergence in ≈2010–11 in China (1), highly
pathogenic avian influenza viruses (HPAIVs) that have
the hemagglutinin (HA) genes of the H5 subtype classified into the genetic clade 2.3.4.4 have threatened global
bird species, including wild birds and poultry, as well as
humans. Although the H5 HA genes of these viruses are
closely related, the subtypes of their neuraminidase (NA)
genes vary widely. These new H5 HPAIVs with NA genes
of various subtypes, the so-called H5Nx viruses, have
spread globally, most likely because of their host preference for waterfowl, similar to the previous H5N1 HPAIVs
(2–4). During the winter season 2014–15, H5N8 HPAIVs
were isolated from wild birds and chickens in western Japan (5–7). In November 2016, HPAIVs of the H5N6 subtype were isolated in 3 geographically distant regions of
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Japan. We report the genetic and antigenic characteristics
of 6 H5N6 HPAIVs.
The Study
The first suspected case of an HPAI outbreak in Japan
during winter 2016–17 was reported from Akita Prefecture in northern Japan (Figure 1). A black swan (Cygnus
atratus) in a zoo that died on November 15, 2016, tested
positive for influenza virus antigen by a rapid diagnostic test. While this bird’s specimens underwent further
analysis, another influenza virus was isolated from a water sample collected at an overwintering site of migratory
birds in Kagoshima Prefecture at the southern tip of Japan
on November 14, 2016 (Table 1). This isolate, A/environment/Kagoshima/KU-ngr-I/2016 (H5N6), was confirmed
to be an H5N6 subtype having multiple basic amino acid
residues, PLRERRRKR/GLF, at the cleavage site in the
HA protein, which is characteristic of HPAIVs, by conventional reverse transcription PCR and Sanger sequencing. Subsequently, an isolate from the first black swan, A/
black swan/Akita/1/2016 (H5N6), also was confirmed to
be an H5N6 HPAIV, showing that all 3 chickens inoculated intranasally with 108.4 of 50% egg infectious dose of
the virus died within 2 days. In addition, a fecal sample
of a common teal (Anas crecca) collected at an overwintering site of migratory birds in Tottori Prefecture in the
middle of Japan on November 15, 2016, was reported to
harbor an H5N6 HPAIV, A/teal/Tottori/1/2016 (H5N6)
(Table 1). The isolation sites of these 3 H5N6 HPAIVs
are distant (Figure 1), although the sample collection
dates were close (Table 1). These 3 cases were followed
by several reports of H5N6 HPAIVs, including A/black
swan/Akita/2/2016 (H5N6), A/northern pintail/Tottori/
b37/2016 (H5N6), and A/crane/Kagoshima/KU-4/2016
(H5N6), in Japan (Table 1). As of December 4, a total of
31 confirmed cases in wild birds had been reported to the
Ministry of Environment (http://www.env.go.jp/nature/
dobutsu/bird_flu/index.html), and 4 cases at poultry farms
were confirmed in Japan (8).
To clarify the genetic background of the H5N6
HPAIVs concurrently introduced into several distant regions of Japan, we determined the complete genome sequences of 5 of our isolates: A/black swan/Akita/1/2016 (H5N6) (GenBank/DDBJ/EMBL accession
1
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Figure 1. Locations of confirmed highly pathogenic avian
influenza virus A(H5N6) infections in Akita, Tottori, and Kagoshima
Prefectures, Japan, 2016.

nos. LC198525–LC198532), A/teal/Tottori/1/2016 (H5N6)
(GenBank/DDBJ/EMBL accession nos. LC199865–
LC199872), A/northern pintail/Tottori/b37/2016 (H5N6)
(GenBank/DDBJ/EMBL accession nos. LC200414LC200421),
A/environment/Kagoshima/KU-ngr-I/2016
(H5N6) (GISAID EpiFlu [http://platform.gisaid.org/],
GenBank/DDBJ/EMBL accession nos. EPI861582–
EPI861589), and A/crane/Kagoshima/KU-4/2016 (H5N6)
(GenBank/DDBJ/EMBL accession nos. EPI867577–
EPI867584) by Sanger and/or Illumina Miseq next-generation sequencing. These 5 isolates were almost genetically identical. Even among the HA genes, which are the
most frequently mutated ones among the 8 gene segments, only 3–8 nt mutations, including 3 nonsynonymous mutations, were detected compared with the earliest strain, A/northern pintail/Tottori/b37/2016 (H5N6)
(online Technical Appendix Table, https://wwwnc.cdc.gov/
EID/article/23/4/16-1957-Techapp1.pdf). Thus, the 5 isolates would share a close common ancestor.
The phylogenetic tree analysis of the HA gene revealed that our isolates are classified into the genetic clade

2.3.4.4c and clustered with the recent H5N6 HPAIV isolates from wild and domestic birds and humans in China,
in addition to an isolate South Korea, A/Mandarin duck/
Korea/K16-187-3/2016 (H5N6) (Figure 2, panel A), on the
basis of a recent classification in clade 2.3.4.4 (9,10). The
NA genes of our isolates also form a single cluster together
with the H5N6 HPAIV isolates from China into group C
in the phylogenetic tree (Figure 2, panel B). In addition,
the remaining 6 genes were genetically close to the recent
H5N6 HPAIV isolates from China in the corresponding
phylogenetic trees (online Technical Appendix Figure 1),
except for the polymerase basic 1 genes, which are most
closely related to the counterpart of A/duck/Guangdong/
S4040/2011 (H4N2) that was isolated from a domestic
duck at a live bird market in China (11). Thus, the H5N6
HPAIV isolates would be derived from a reassortant that
arose between an H5N6 HPAIV recently circulating in wild
birds, poultry, or both in East Asia and in low pathogenicity
avian influenza virus circulating in poultry in China. The
genetic background of the H5N6 HPAIV isolates in this
study is similar to the recent South Korea H5N6 virus collected in October 2016 and clearly different from that of
recent H5Nx HPAIVs in Russia (10), Western European
countries, and Alaska (8).
Our putative amino acid sequence comparison revealed that a leucine residue at position 134 in the HA
protein (H3 numbering) was deleted, unlike that with the
closest relative A/feline/Guangdong/1/2015 (H5N6) (online Technical Appendix Figure 2). Our isolates have the
amino acid sequence QQG at positions 226–228, which
are located at the receptor-binding site in the HA protein,
although the corresponding amino acid sequences of the
previous H5 viruses are QSG or QRG (online Technical
Appendix Figure 2). These findings suggest that the receptor specificity of our H5N6 HPAIV isolates might be
altered from their parental viruses (12,13). We also found
11 aa deletions in the stalk region of the NA protein, unlike that of A/duck/Vietnam/HU1–1151/2014 (H5N6), a
representative virus strain of an N6 NA gene-based group
D (online Technical Appendix Figure 3), which belongs
to a different cluster of the clade 2.3.4.4.
For HA antigenic characterization, we investigated the
reactivity of chicken antiserum raised against several H5
isolates to our H5N6 HPAIV isolates using the hemagglutination inhibition test (14). We selected 1 reference virus strain,

Table 1. Details of highly pathogenic avian influenza virus A(H5N6) infections, Japan, November 2016
Date of sample
Date of report
collection
Sample (species of bird)
Isolate
Nov 18
Nov 14
Water at an overwintering site
A/environment/Kagoshima/KU-ngr-I/2016 (H5N6)
Nov 21
Nov 15
Dead exhibition bird in a zoo (black swan)
A/black swan/Akita/1/2016 (H5N6)
Nov 21
Nov 6
Wild birds’ feces (northern pintail)
A/northern pintail/Tottori/b37/2016 (H5N6)
Nov 21
Nov 15
Wild birds’ feces (teal)
A/teal/Tottori/1/2016 (H5N6)
Nov 21
Nov 17
Dead exhibition bird in a zoo (black swan)
A/black swan/Akita/2/2016 (H5N6)
Nov 22
Nov 18
Dead wild bird (hooded crane)
A/crane/Kagoshima/KU-4/2016 (H5N6)
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Figure 2. Phylogenetic trees of the HA and NA gene segments of highly pathogenic avian influenza virus A(H5N6) isolated in Japan.
The nucleotide sequences of the H5 HA (A) and N6 NA (B) genes were analyzed by the maximum-likelihood method along with
the corresponding genes of reference strains using MEGA 7.0 software (http://www.megasoftware.net/). Horizontal distances are
proportional to the minimum number of nucleotide differences required to join nodes and sequences. Numbers at the nodes indicate the
probability of confidence levels in a bootstrap analysis with 1,000 replications. Gray indicates viruses isolated in this study; underlining
indicates viruses isolated in humans. The H5 HA gene sequences are classified into genetic clades as defined by Lee et al. (9). Scale
bars indicate nucleotide substitutions per site. HA, hemagglutinin; NA, neuraminidase.

A/black swan/Akita/1/2016 (H5N6), and prepared single
immunized chicken antiserum against the virus because
of the limited variation of the nucleotide sequences in the
HA genes among our 6 H5N6 HPAIV isolates. Antibody
titer of antiserum of A/black swan/Akita/1/2016 (H5N6)
were 16–32-fold higher against homologous virus than
against the other strains (Table 2). The reactivity of the
antiserum of A/chicken/Kumamoto/1-7/2014 (H5N8),
whose HA gene belongs to the genetic clade 2.3.4.4, to A/
black swan/Akita/1/2016 (H5N6) was 4-fold lower than
that of the antiserum to the homologous combination.
Moreover, none of the antiserum samples tested reacted
strongly with A/black swan/Akita/1/2016 (H5N6) except
for the homologous antiserum. These results indicate
that the HA antigenicity of the H5N6 HPAIVs recently

introduced in Japan differ appreciably from those of the
previous H5Nx viruses.
Conclusions
We isolated 6 H5N6 HPAIVs from dead birds, fecal samples of migratory birds, and environmental water sample
in 3 distant regions of Japan in November 2016. A genetic
analysis showed that these isolates were genetically closely
related to H5N6 HPAIVs recently isolated in China except
for the polymerase basic 1 gene segment. The HA antigenicity of our H5N6 HPAIVs was demonstrated to have
drifted further than viruses belonging to the same genetic
clade 2.3.4.4. To prevent the spread of HPAIVs by wild
birds, prompt elimination of HPAIVs is urgently needed in
countries in Asia.
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Table 2. Antigenic analyses of H5 influenza viruses with antiserum*
Virus
lineage/clade
Eurasian
–
2.3.2.1
2.3.4
2.3.4.4 icA
2.3.4.4c
2.5
North American

Virus

Mal/Hok
(H5N1)

Mal/Hok/24/2009 (H5N1)†
Ws/Hok/1/2008 (H5N1)
Pf/HK/810/2009 (H5N1)
Ck/Kumamoto/1-7/2014 (H5N8)
B. swan/Akita/1/2016 (H5N6)
Ck/Yamaguchi/7/2004 (H5N1)
Ck/Ibaraki/1/2005 (H5N2)

1,280
40
<20
20
<20
320
320

Hemagglutination inhibition titers of the antiserum
Ws/Hok Pf/HK
Ck/Kum
B. swan/
Ck/Yam
(H5N1) (H5N1) (H5N8) Akita (H5N6) (H5N1)
80
640
20
20
<20
320
20

40
40
2,560
320
80
80
<20

1,280
640
20
640
160
80
<20

16
8
8
16
256
16
16

1,280
640
80
80
80
5,120
1,280

Ck/Ibr
(H5N2)
1,280
<20
<20
<20
<20
320
20,480

*Dash indicates virus does not belong to clade classification. Bold indicates virus isolated in this study. Underline indicates homologous titers. B. swan,
black swan; Ck, chicken; HK, Hong Kong; Hok, Hokkaido; Mal, mallard; Pf, peregrine falcon; Ws, whooper swan.
†Low pathogenic avian influenza viruses isolated from mallard (15) and chicken in Japan.
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Severe Thrombocytopenia after
Zika Virus Infection, Guadeloupe, 2016
Timothée Boyer Chammard, Kinda Schepers,
Sébastien Breurec, Thierry Messiaen,
Anne-Laure Destrem, Matthieu Mahevas,
Adrien Soulillou, Ludovic Janaud, Elodie Curlier,
Cécile Herrmann-Storck, Bruno Hoen
Severe thrombocytopenia during or after the course of
Zika virus infection has been rarely reported. We report 7
cases of severe thrombocytopenia and hemorrhagic signs
and symptoms in Guadeloupe after infection with this virus.
Clinical course and laboratory findings strongly suggest
a causal link between Zika virus infection and immunemediated thrombocytopenia.

Z

ika virus is an arthropod-borne flavivirus transmitted
by mosquitoes. The most common signs and symptoms of Zika virus infection include pruritic rash, headache, arthralgia, myalgia, nonpurulent conjunctivitis, and
low-grade fever (1). Signs and symptoms of Zika virus
infection are usually mild. Rare complications, including
birth defects, mainly microcephaly (2), and neurologic
complications, such as Guillain-Barré syndrome, meningoencephalitis, and acute myelitis, might occur and have been
reported during recent outbreaks (3–6). However, severe
forms requiring hospitalization are uncommon, and lethality is low (1). In most cases, initial laboratory findings are
nonspecific and whole blood cell counts are often within
reference ranges (7). Mild-to-moderate thrombocytopenia
has been rarely described (8,9), and severe thrombocytopenia has been reported only recently as an uncommon manifestation (10–14).
The Study
We report severe thrombocytopenia (i.e., platelet count
<50 × 109/L) (15), which developed during or after the
course of acute Zika virus infection in 7 patients who were
Author affiliations: Centre Hospitalier Universitaire,
Pointe-à-Pitre, France (T. Boyer Chammard, K. Schepers,
S. Breurec, T. Messiaen, A.-L. Destrem, A. Soulillou, L. Janaud,
E. Curlier, C. Herrmann-Storck, B. Hoen); Institut National de la
Santé et de la Recherche Médicale, Pointe-à-Pitre (K. Schepers,
B. Hoen); Institut Pasteur de Guadeloupe, Pointe-à-Pitre
(S. Breurec); Université des Antilles, Pointe-à-Pitre (S. Breurec,
B. Hoen); Centre Hospitalier Universitaire Henri Mondor, Créteil,
France (M. Mahevas)
DOI: http://dx.doi.org/10.3201/eid2304.161967
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admitted to the Guadeloupe University Hospital, French
West Indies, during May–August 2016. This period coincides with the peak of a Zika outbreak in Guadeloupe.
The 7 patients (5 women and 2 men, mean age 43
years, range 15−74 years) had petechial purpura in the lower limbs (Table). Five of the patients also had additional
bleeding signs and symptoms (gingival bleeding, epistaxis,
oral hemorrhagic mucosal blisters, and hematuria). These
manifestations prompted us to perform blood tests, which
showed isolated thrombocytopenia. Results of physical
examinations were otherwise unremarkable. All 7 patients
had a typical Zika virus infection (median 5 days, range
2–18 days) before diagnosis of thrombocytopenia. Median
minimum platelet count was 2 × 109/L (range 1 × 109/L–17
× 109/L). Results of peripheral blood smears were unremarkable for all patients.
We evaluated patients for a differential diagnosis of
isolated severe thrombocytopenia. None had recently received a new medication or vaccination or had traveled
to an area to which malaria is endemic. No underlying
conditions, such as autoimmune or lymphoproliferative
disorders, were known or identified for any patient. Four
patients had nonsignificantly positive antinuclear antibody
titers (1:80–1:160). None of these patients had signs or
symptoms of connective tissue disease.
Serologic test results for HIV and hepatitis B virus
were negative for all 7 patients. Two of 7 patients had positive serologic results for hepatitis C virus; these 2 patients
had negative results for hepatitis C virus RNA in plasma.
Serologic test results ruled out diagnoses of acute leptospirosis, cytomegalovirus infection, and Epstein-Barr virus
infection for all 7 patients. Six of 7 patients showed negative results for parvovirus B19 infection (1 patient was not
tested). We did not test patients for chikungunya virus because this virus had not been detected in Guadeloupe since
January 2015.
We tested patients for infection with Zika virus and
dengue virus (DENV) by using reverse transcription PCR
(RT-PCR) for urine samples <6 days of onset of purpura.
Results of RT-PCR were positive for Zika virus and negative for DENV for all patients. In addition, results of serum tests for DENV nonstructural protein 1 were negative
for all patients. IgG against DENV was detected in 6 of
the 7 patients.
A diagnosis of acute immune mediated thrombocytopenia (ITP) was made for all 7 patients. Because of thrombocytopenia severity, all patients received steroid therapy
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Table. Characteristics of 16 patients with severe thrombocytopenia associated with Zika virus infection*
Min
Days to
RT-PCR result
Pt no./
Hemorrhagic platelet
min
Zika virus
DENV
age,
signs and
count, × platelet
Steroid
y/sex
Country
symptoms
109/L
count† Urine Plas
Urine Plas therapy IVIG
1/38/F
Guadeloupe
Yes
17
3
+
–
–
–
Yes
No
2/58/F
Guadeloupe
Yes
3
6
+
+
–
–
Yes
Yes
3/15/F
Guadeloupe
Yes
2
19
+
+
–
–
Yes
No
4/36/M Guadeloupe
Yes
5
8
+
–
–
–
Yes
No
5/74/F
Guadeloupe
Yes
1
5
+
–
–
–
Yes
No
6/46/F
Guadeloupe
Yes
1
12
+
Unk
–
Unk
Yes
Yes
7/35/M Guadeloupe
Yes
1
4
+
–
–
–
Yes
Yes
8/54/F
Suriname
Yes
10
29
+
–
–
Unk
No
Yes
9/2/F
Colombia
Yes
<14
Unk
Unk
+
Unk
–
Unk
Unk
10/30/F
Colombia
Yes
<14
Unk
Unk
+
Unk
–
Unk
Unk
11/72/F
Colombia
Yes
<14
Unk
Unk
+
Unk
–
Unk
Unk
12/72/M Puerto Rico
Yes
1
5
Unk
+
Unk
–
No
No
13/38/M Puerto Rico
Yes
2
7
–
–
Unk
–
Yes
Yes
14/26/F Martinique
Yes
2
8
+
–
Unk
–
Yes
No
15/21/M Martinique
Yes
3
7
+
–
Unk
–
Yes
No
16/30/F
Colombia
No
9
4
+
–
Unk
Unk
No
No
*DENV, dengue virus; IVIG, intravenous immune globulins; min, minimum; plas, plasma; pt, patient; unk, unknown.
†From Zika onset.

with either prednisone or methylprednisolone at an initial
dosage of 1–2 mg/kg/day. Three patients also received intravenous immune globulins (IVIG). Two patients received
platelet transfusions. Except for patient 2, platelet counts
returned to reference ranges <15 days after treatment initiation for all patients. After >2 months without treatment,
no relapse was observed in any patient. We provide additional information on the atypical clinical course that was
observed for 3 of the patients.
Patient 1 had a history of refractory ITP. She had been
treated for primary ITP during 2004–2007 with steroids
and IVIG, followed by vinblastine and danazol, and eventually splenectomy, which was curative. In 2014, an acute
chikungunya virus infection caused a relapse of ITP, which
fully responded to a short-course steroid treatment. During
2014–2016, she remained asymptomatic and had a platelet count >100 × 109/L. In May 2016, she was hospitalized 2 days after onset of a typical Zika virus infection. The
patient had petechiae in the upper and lower limbs and a
platelet count of 17 × 109/L. Her clinical course rapidly became favorable after steroid therapy, and she had a platelet
count of 172 × 109/L by day 5 of steroid therapy. She was
the only patient who did not have IgG against DENV.
Patient 2 responded only partially to steroids and IVIG
and had a maximum platelet count of 92 × 109/L at day 14
after treatment initiation. While she was underdoing tapering of steroid treatment, palate petechiae appeared on day
39 (platelet count 9 × 109/L). Prednisone (1 mg/kg/day)
was given for 10 days and was followed by a sustained recovery of the platelet count.
Patient 7 had severe hemorrhagic manifestations
(gross hematuria and oral hemorrhagic blisters) and platelet count of 1 × 109/L. He was hospitalized in an intensive
care unit and received steroid therapy, IVIG, and platelet

Outcome
Recovered
Recovered
Recovered
Recovered
Recovered
Recovered
Recovered
Recovered
Died
Died
Died
Died
Recovered
Recovered
Recovered
Recovered

Reference
This study
This study
This study
This study
This study
This study
This study
(10)
(11)
(11)
(11)
(13)
(13)
(14)
(14)
(12)

transfusion. The patient showed a full response to treatment
(platelet count 169 × 109/L at day 7 of treatment).
Conclusions
From the beginning of the current Zika outbreak in the
Americas to November 2016, nine case-patients with severe Zika virus–associated thrombocytopenia have been
reported, 1 in Suriname (10), 4 in Colombia (11,12), 2 in
Puerto Rico (13), and 2 in Martinique (14). We report information for these 9 case-patients and the 7 patients we
analyzed in Guadeloupe (Table).
The 16 patients had similar characteristics. First, all
had severe and profound thrombocytopenia (platelet counts
<20 × 109/L). Second, probably as a consequence of thrombocytopenia, hemorrhagic manifestations developed in all
but 1 patient. Third, thrombocytopenia was present shortly
after acute Zika virus infection, and Zika virus RNA was
still detected in urine from 11 of the 12 patients for whom
RT-PCR for Zika virus was performed.
Overall, despite the severity of thrombocytopenia, the
outcome was generally favorable after conventional steroid
treatment with or without IVIG. Among the 4 patients who
died, only 1 patient had isolated thrombocytopenia; this
patient died of hemorrhagic complications (13). The other
3 patients had various systemic signs and symptoms and
thrombocytopenia; thrombocytopenia was the direct cause
of death for only 1 patient (11).
For the 7 patients in Guadeloupe, we were able to exclude all other main causes of isolated severe thrombocytopenia, especially DENV infection. Because all 7 patients
still had a positive RT-PCR result for Zika virus in urine
when thrombocytopenia was diagnosed, we can reasonably assume that ITP was secondary to Zika virus infection. As reported for other viruses, Zika virus–associated
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ITP might result from stimulation of the immune system,
which usually decreases after clearance of viral replication.
The mechanism of thrombocytopenia was probably different in patients 1 and 16 (12), in whom thrombocytopenia
appeared as a relapse of previous ITP.
In conclusion, thrombocytopenia is a rare complication of Zika virus infection. Our observations strongly suggest a causal relationship between Zika virus infection and
ITP. Therefore, Zika virus should be included in the list of
viruses that might trigger immune-mediated severe thrombocytopenia.
Dr. Boyer Chammard is a physician in the Department of
Infectious Diseases, Dermatology, and Internal Medicine,
University Medical Center of Guadeloupe, Pointe-à-Pitre,
France. His research interests include arboviruses, tropical
medicine, and HIV infection.
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Significant Decrease in Pertactin-Deficient
Bordetella pertussis Isolates, Japan
Yukihiro Hiramatsu, Yusuke Miyaji,
Nao Otsuka, Yoshichika Arakawa,
Keigo Shibayama, Kazunari Kamachi
Prevalence of pertactin-lacking Bordetella pertussis isolates has been observed worldwide. In Japan, however, we
found that the frequency of pertactin-deficient isolates in
2014–2016 (8%) was significantly lower than the frequency
in 2005–2007 (41%), 2008–2010 (35%), and 2011–2013
(25%). This reduction was closely associated with changes
in genotypes.

B

ordetella pertussis, a highly communicable, gram-negative coccobacillus, is the etiologic agent of pertussis
(whooping cough), an acute respiratory infection that leads
to severe illness in children. Vaccination is the most effective method for preventing and controlling pertussis. In Japan, acellular pertussis vaccines (ACVs) were introduced
in 1981. Pertussis toxin and filamentous hemagglutinin
derived from B. pertussis are the major antigens in ACVs
in Japan, and certain ACVs also contain pertactin and fimbriae (1). Pertactin is believed to play a role in adherence
to human epithelial cells (2); however, B. pertussis isolates
that lack pertactin production have been identified in several countries where ACVs have been introduced (3–7). In
Japan, pertactin-deficient isolates have increased significantly since the early 2000s, resulting in a high prevalence
of these isolates (5,8). Recent studies have demonstrated
that pertactin-deficient strains could colonize the respiratory tract more effectively than pertactin-producing strains in
ACV-vaccinated mice (9,10). Supporting these results, an
epidemiologic study suggested that ACV-vaccinated persons are more susceptible to pertactin-deficient strains than
to pertactin-producing strains (11). These reports imply that
pertactin-deficient strains have increased fitness in humans
who have been vaccinated with ACVs and that their expansion may reduce the effectiveness of ACVs. We assessed
trends in the frequency of pertactin-deficient isolates in Japan and further investigated their genotypes using multilocus variable-number tandem-repeat analysis (MLVA).
Author affiliations: National Institute of Infectious Diseases, Tokyo,
Japan (Y. Hiramatsu, Y. Miyaji, N. Otsuka, K. Shibayama,
K. Kamachi); St. Marianna University School of Medicine,
Kawasaki, Japan (Y. Miyaji); Nagoya University Graduate School
of Medicine, Nagoya, Japan (Y. Arakawa)
DOI: http://dx.doi.org/10.3201/eid2304.161575

The Study
We studied 232 B. pertussis clinical isolates collected from
January 2005 through June 2016 in Japan. All isolates were
derived from epidemiologically unrelated cases of pertussis. Pertactin production and MLVA types (MTs) of 111
isolates collected during 2005–2012 were previously determined by immunoblotting and MLVA typing, respectively
(5,8). For our study, we extended these analyses to additional isolates collected during 2008–2016 (n = 121).
We determined the temporal trend in the frequency of
pertactin-deficient isolates by 3-year periods (Figure, panel
A). Percentages were 41% in 2005–2007 (n = 39 isolates),
35% in 2008–2010 (n = 43), 25% in 2011–2013 (n = 97),
and 8% in 2014–2016 (n = 53). A significant decrease in the
frequency of pertactin-deficient isolates was observed from
2005–2007 to 2014–2016 (p<0.05 by Fisher exact test).
Among the 232 B. pertussis isolates, 25 MTs were
identified; MT27 and MT186 isolates were predominant,
and other MT isolates were found at low frequencies (online Technical Appendix Table 1, http://wwwnc.cdc.gov/
EID/article/23/4/16-1575-Techapp1.pdf). The frequency
of MT27 isolates increased significantly over time (Figure
1, panel B): 28% in 2005–2007, 44% in 2008–2010, 70%
in 2011–2013, and 77% in 2014–2016. In contrast, the frequency of MT186 isolates decreased: 31% in 2005–2007,
44% in 2008–2010, 21% in 2011–2013, and 6% in 2014–
2016. We also observed a substitution of the major genotype in the B. pertussis population from MT186 to MT27.
Of 59 pertactin-deficient B. pertussis isolates collected during 2005–2016, 45 (76.3%) were MT186 isolates,
whereas 2 (3.4%) represented MT27 and 12 (20.3%) other
MT isolates (MT194, MT224–226, MT314–316) (Table).
Notably, 45 (83.3%) of 54 MT186 isolates were pertactindeficient, whereas only 2 (1.4%) of 139 MT27 isolates
were pertactin-deficient. This finding indicates that pertactin-deficient isolates predominate among the MT186 strain
but are rare among the MT27 strain.
We previously showed that pertactin-deficient isolates
in Japan were generated by 2 different mutations: an 84bp deletion of the prn gene signal sequence (∆SS) and an
IS481 insertion at nucleotide position 1598 in prn (1598–
1599::IS481) (5). Thus, to confirm the molecular basis for
the loss of pertactin production, pertactin-deficient isolates
(n = 26) that were newly identified in this study underwent
PCR screening with 2 primer sets (online Technical Appendix Table 2). We summarized the molecular mechanisms of
loss of pertactin production in 59 pertactin-deficient isolates
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Figure. Temporal trends in the frequency of pertactin-deficient isolates and changes in multi-locus variable-number tandem repeat
analysis types (MTs) in the Bordetella pertussis population in Japan. Pertactin production (A) and MTs (B) were analyzed for 232 B.
pertussis isolates collected from January 2005 through June 2016. The frequencies of pertactin-deficient isolates and 2 major MTs (MT27
and MT186) are shown by time period. For convenience, minor MTs (MT194, MT224–226, and MT314–316) are included as “others.”

(Table); the ∆SS mutation was detected in 43 (72.9%) MT186
isolates and in 11 (18.6%) other MT isolates. In contrast,
the 1598–1599::IS481 mutation was detected in 2 (3.4%)
MT186 isolates and 1 other MT isolate (1.7%, MT226).
Two MT27 isolates (BP394 and BP533) do not have either
of these mutations. Instead, BP533 isolates (1.7%) have an
IS481 insertion at nucleotide position 245 (245–246::IS481;
GenBank accession no. KC445198), and BP394 (1.7%) isolates exhibit transcriptional down-regulation of prn gene expression (online Technical Appendix Figure 1).
Conclusions
The expansion of pertactin-deficient B. pertussis isolates
has been reported worldwide (3–8). However, we observed
a significant decrease in pertactin-deficient isolates within
the B. pertussis population in Japan, caused by a genotypic
replacement from the pertactin-deficient MT186 strain to
the pertactin-producing MT27 strain.
The most likely explanation for the prevalence of
pertactin-deficient strains is vaccine-driven strain evolution,
because pertactin is a component of ACVs. No pertactindeficient isolates have been detected in Denmark, where an
ACV that does not contain pertactin is used, and pertactindeficient strains exhibit a selective advantage against ACVinduced immunity (7,9–11). In Japan, 5 brands of the diphtheria–tetanus–acellular pertussis vaccine (DTaP) had been
used to control pertussis for many years. These DTaPs had
different formulations of components; only 3 contained the
pertactin antigen (1). When the DTaP vaccine was replaced,
however, 2 brands of combined DTaP–inactivated poliovirus (DTaP-IPV) vaccine that did not contain pertactin were
introduced in November 2012. Therefore, most Japanese
children <4 years of age do not have immunity to pertactin;
consequently, the selective pressure for pertactin-deficient
strains in the host environment has recently been reduced.
This effect may be responsible for the recent decline in
700

pertactin-deficient isolates and further supports the hypothesis
that pertactin-deficient strains are selected on the basis of
host immunity to pertactin. Notably, a new brand of DTaPIPV vaccine containing pertactin was also introduced in December 2015 in Japan. If the hypothesis of vaccine-driven
evolution is correct, pertactin-deficient isolates should increase again in Japan in the near future. Thus, continued surveillance of pertactin-deficient isolates is of particular value.
We demonstrated that genotypic replacement from
MT186 to MT27 has taken place among recent B. pertussis
isolates in Japan: MT27 is a triple-locus variant of MT186.
MT186 strains carry the pertussis-toxin promoter allele
ptxP1, whereas MT27 strains carry the allele ptxP3 (8). B.
pertussis strains carrying ptxP3 (i.e., MT27) produce more
of several virulence factors than do ptxP1 (i.e., MT186)
strains (12,13). The population of MT27 strains carrying
ptxP3 has increased worldwide (14,15), although a low
frequency of ptxP1 isolates was observed in Japan (8), suggesting that MT27 strains are associated with the recent
pertussis resurgence. It is possible, therefore, that the genotypic replacement in the B. pertussis population may have
resulted from the expansion of the more virulent ptxP3
(i.e., MT27) strains. In addition, given that pertactin-deficient MT27 isolates are rare, this genotypic replacement
Table. Molecular mechanisms of loss of pertactin production
in 59 pertactin-deficient Bordetella pertussis isolates, Japan,
2005–2016*
No. (%) MTs
Reason for loss of pertactin
MT27
MT186
Others†
0
43 (72.9) 11 (18.6)
SS
1598–1599::IS481
0
2 (3.4)
1 (1.7)
245–246::IS481
1 (1.7)
0
0
Transcriptional downregulation
1 (1.7)
0
0
Total
2 (3.4)
45 (76.3) 12 (20.3)

*MT, types determined by using multilocus variable-number tandem-repeat
analysis.
†For convenience, minor MTs (MT194, MT224–226, and MT314–316) are
included in this category.
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may have contributed to the recent decrease in pertactindeficient isolates in Japan.
In Japan, most pertactin-deficient isolates carry a deletion of the prn signal sequence (ΔSS), which has been
found primarily in MT186 isolates carrying the prn1 allele
(online Technical Appendix Table 1). In other countries,
a common prn mutation includes an insertion of IS481
into the prn2 allele (4,6,7). In this study, we identified 2
pertactin-deficient MT27 isolates carrying the prn2 allele,
due to the IS481 insertion (245–246::IS481) and the transcriptional down-regulation of the prn gene. These pertactin-deficient isolates were previously identified in Europe
and the United States (6,7). One possible explanation for
the appearance of pertactin-deficient MT27 isolates is that
they were imported from other countries.
This study was supported by the following funding sources:
Research on Emerging and Re-emerging Infectious Diseases
from the Ministry of Health, Labor, and Welfare of Japan;
Research Program on Emerging and Re-emerging Infectious
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and Development.
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Ross River virus, a mosquitoborne alphavirus, causes epidemic polyarthritis in Australia and the Pacific region. We
analyzed serum cytokine, chemokine, and growth factor
levels in travelers returning to Germany from Australia. Serum samples showed elevated concentrations in the acute
phase of the illness and, more pronounced, in the long-lasting convalescent phase.

R

oss River virus (RRV) is a mosquitoborne alphavirus
endemic to Australia and the Pacific region. The virus is transmitted by various Aedes and Culex spp. mosquito species; macropods are the natural reservoir (1). RRV
causes epidemic polyarthritis, with several thousand cases
noted annually in Australia (1). Large outbreaks occurred
during 1979–1980 on South Pacific islands. Infections in
travelers, however, are rare (2). Epidemic polyarthritis is
a self-limiting febrile arthralgia syndrome that closely resembles chikungunya and Mayaro fever. Acute-onset symmetric polyarthritis, most often affecting the fingers, wrists,
ankles, and knees, is the predominant clinical presentation.
Rash, myalgia, fatigue, and fever are present in half of patients (1). Joint effusions are common, and arthralgia can be
long-lasting (months to years), and recurring.
The clinical disease, diagnostic procedures, and epidemiology of RRV have been well described, but immunologic parameters in humans and their usefulness in the
clinical follow-up of patients warrant further investigation.
Therefore, we investigated travelers returning to Germany
from Australia with epidemic polyarthritis resulting from
RRV infection.
We analyzed 20 serum samples from 16 patients (7
men, 9 women; age range 20–67 years [median 38 years])
1

Deceased.
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who had serologic evidence for acute or recent RRV infection, as confirmed by indirect immunofluorescence assay and virus neutralization assay (2) (Table). All patients
had acquired the infection during travel in Australia. We
obtained serum samples at different times after symptom
onset (3 days–16 weeks) and classified them as either acute
(taken <30 days after symptom onset; n = 7) or convalescent with symptomatic arthralgia (taken >30 days after disease onset; n = 13). After we obtained written consent from
the patients, we subjected the serum samples to multiplex
cytokine analyses. In parallel with the RRV patients, we
tested 20 serum samples from healthy blood donors.
Compared with concentrations in samples from
healthy controls, concentrations in samples from patients
in the acute phase of RRV infection showed noticeably elevated concentrations of serum interleukin (IL) 4 and 7;
granulocyte-macrophage colony stimulating factor (GMCSF); regulated on activation, normal T cell expressed and
secreted (RANTES); interferon-γ–induced protein 10 (IP10); and vascular endothelial growth factor (VEGF). We
also saw a notable decrease in eotaxin levels in acute-phase
samples. In samples from patients in the arthralgic convalescent phase, we noted increases in IL-1β, IL-4, IL-6, IL-8,
IL-9, IL-13, IL-15, GM-CSF, interferon-γ, tumor necrosis
factor-α (TNF-α), RANTES, basic fibroblast growth factor
(bFGF), macrophage inflammatory protein 1α (MIP1α), and
VEGF in comparison to healthy controls. Substantial elevations in the convalescent phase when compared with the
acute phase were recorded for levels of bFGF and MIP1α,
and a marked decrease was seen in IP-10 concentrations.
Cytokine and chemokine levels were generally higher in the convalescent phase than in the acute
phase, with individual exceptions (online Technical Appendix, https://wwwnc.cdc.gov/EID/article/23/4/16-0466Techapp1.pdf). No notable changes in either phase were
seen for IL-1RA, IL-2, IL-5, IL-10, IL-12p70, IL-17, granulocyte colony-stimulating factor, monocyte chemotactic
protein 1, and platelet-derived growth factor β polypeptide
levels (data not shown), and macrophage inflammatory
protein 1β concentrations.
Similar to chikungunya and Mayaro fever, the most
prominent clinical symptom of RRV infection is long-lasting
arthralgia. Nearly 60% of patients reported persisting pain
after 2–3 years (1). RRV RNA has been detected in synovial fluid up to 5 weeks after symptom onset (3), suggesting ongoing viral replication and inflammation (4). In the
RRV-infected travelers examined in this study, the increased
proinflammatory cytokine serum concentrations during the
prolonged arthralgic convalescence phase strengthen the
hypothesis of persisting inflammation of the joints. In patients and in a murine model, macrophage-derived TNF-α,
interferon-γ, and IL-6 were elevated in synovial fluid during
RRV disease (5), as we have shown here in serum.
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Table. Returning travelers from Australia infected with Ross River virus included in study of cytokine levels during acute and
convalescent disease phases, Germany
Timing of cytokine level testing after
Patient no.
Age, y/sex
symptom onset
IgM titer*
IgG titer*
1
33/M
8 wk
1:320
1:320
2
67/F
7 wk
1:80
1:1,280
3
55/F
4 wk
1:2,560
1:1,280
4
24/M
10 and 13 wk
1:320 each
1:2,560
5
29/F
6 wk
1:2560
1:10,240
6
21/F
6 wk
1:80
1:1,280
7
46/M
5d
1:2,560
1:80
8
31/F
1 wk
1:10,240
1:160
9
32/F
2 wk
1:81,900
1:327,680
10
51/F
4 and 8 wk
1:320 and 1:160
1:2,560 and 1:640
11
20/F
6 wk
1:320
1:2,560
12
47/M
8 wk
1:160
1:320
13
32/M
16 wk
1:20
1:160
14
43/F
8 wk
1:320
1:2,560
15
53/M
3 d, 2 wk, and 9 wk
1:320, 1:10,240, and 1:640
1:20, 1:1,280, and 1:320
16
49/F
6 wk
1:1,280
1:2,560
*By indirect immunofluorescence testing; reference value <1:20 (2).

Furthermore, increased levels of IL-1β, IL-6, IL-15,
MIP1α, and GM-CSF, as seen in our study, have been described in the clinically similar chikungunya (6). Elevated
levels of RANTES (and IP-10 initially) indicate T-cell
activation, possibly reflecting ongoing viral replication in
the joints, also as described in chikungunya (6). A similar
effect could recently be demonstrated in Mayaro fever patients with prolonged arthralgia (7).
In conclusion, cytokine level testing in alphavirus infections with prolonged arthralgia may aid monitoring patient symptoms. This information is particularly valuable
when clinical signs of arthritis, such as joint swelling and
redness, are no longer present, and standard serum inflammatory parameters are within reference ranges. Low-grade
inflammation in persistent alphavirus-induced arthritis
might place patients at risk for bone loss and fractures (8).
Levels of RANKL (receptor activator of nuclear factor κB
ligand), which were not determined in our study, were recently shown to be elevated in RRV infection and associated with increased osteoclast formation (9).
The pattern of cytokine concentration elevations we
demonstrated for patients with epidemic polyarthritis is
similar to what has recently been described for patients
with Mayaro fever (7) and chikungunya (6,10). Our data
broaden the knowledge of alphavirus pathogenesis in arthralgia syndromes; however, more immunological investigations, including human T-cell analyses, are needed.
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In 2014–2016, >1,000 wild goats and sheep in 4 northern
and central provinces of Iran died from peste des petits
ruminants virus (PPRV) infection. Partial nucleoprotein sequencing of PPRV from 3 animals showed a close relationship to lineage 4 strains from China. Control measures are
needed to preserve vulnerable ruminant populations.

P

este des petits ruminants virus (PPRV; family Paramyxoviridae, genus Morbillivirus) causes a highly contagious disease with a high death rate in wild and domestic
small ruminants. Four PPRV lineages (L1–L4) exist in Africa and Asia (1). The disease was initially recorded in Iran
in 1995 (2) and subsequently spread throughout the country
(3). PPRV-L4 infections are endemic in Iran and several
neighboring countries (4,5).
Wild goats (Capra aegagrus) and sheep (Ovis orientalis), which have become extinct in several West Asia countries, are considered vulnerable species in Iran (6,7). Although PPRV-associated outbreaks among these ruminants
have been suspected since 2000, the virus was not isolated or
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characterized at that time. In 2001, at least 1,500 wild goats
and gazelles (Gazella subgutturosa) with clinical signs similar to those caused by PPRV infection died in Kavir National
Park (Figure; online Technical Appendix Table, https://wwwnc.cdc.gov/EID/article/23/4/16-1218-Techapp1.pdf). An
estimated 25%–40% of the wild goat population in the park
was deemed lost as a result of the disease. In 2011, PPRV
was the suspected cause of 550–700 deaths among wild
sheep in Sarigol National Park (Figure); laboratory investigations using conventional reverse transcription PCR (RTPCR) confirmed PPRV infection in several dead animals
(Iran veterinary organization, pers. comm., 2011 Sep 26).
Beginning in September 2014, park rangers reported
and field investigations substantiated mass deaths among
wild goats in Bamou National Park (Figure). Clinical signs
in affected animals were similar to those reported in wild
small ruminants in 2011, and samples we tested from 5 dead
goats were positive for PPRV by RT-PCR (online Technical
Appendix). In April 2015, a new outbreak started in Haftad
Qolleh Arak (Figure) and continued until mid-May, resulting in the death of 428 wild goats and 30 wild sheep. Three
more outbreaks occurred in 2015: the first started in August
in Kharmaneh-sar Tarom; the second in September in the
Alamout Protected Area, 150 km from the previous outbreak in Kharmaneh-sar Tarom; and the third in November
in the Taleghan Protected Area, 100 km away from the previous outbreak in Alamout Protected Area (Figure; online
Technical Appendix Table).
The last reported outbreak started in April 2016 in Khojir, a national park close to a dam that serves as a water source
for wild animals (Figure). In 2015, a total of 110 wild goats
and sheep were counted in the park, and by May, 1, 2016,
≈85 were found dead (online Technical Appendix Table).
We detected PPRV genome in 6 oral swab samples and
7 blood and lymph node samples from dead ruminants by
using conventional RT-PCR and in 3 oral swab samples by
using real-time RT-PCR (quantification cycles 31–34) (online Technical Appendix). In addition, we performed partial nucleocapsid gene sequencing of 3 PPRV isolates from
2015; results showed 100% pairwise nt identity among the
isolates (online Technical Appendix). The strains shared
highest nt identity (99.4%) with PPRV-L4 strains that were
circulating in domestic or wild small ruminants in northwestern and southeastern China during 2013–2015 (8) (online Technical Appendix Figure); they were more distantly
related to PPRV-L4 strains previously reported from outbreaks in Iran and neighboring countries (9,10).
Field investigations and laboratory analyses indicated
that PPRV was the cause of mass die-offs of wild goats and
sheep during 2014–2016 in several national parks in Iran.
A risk assessment of PPRV infection in several developing
countries in Africa and the Middle East and on the Indian
Peninsula indicated that 63% of small ruminant populations
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Figure. Geographic distribution
of peste des petits ruminants
virus outbreaks in Iran since
2000. Stars indicate outbreaks
that occurred in 2000 and
2011; circles indicate outbreaks
investigated during this study
in 2014–2016. Arrows indicate
chronologic order of the
outbreaks: 1, Sarigol National
Park; 2, Kavir National Park; 3,
Bamou National Park; 4, Haftadqolleh; 5, Kharmaneh Sar Tarom;
6, Alamout Protected Area;
7, Taleghan Protected Area;
8, Khojir National Park. Map
generated using Google Maps
(interactive map available at
https://www.google.com/maps/d/
viewer?mid=1GsluO7SZ2z_
SBUawdPHsDF6s7ww). Details
on the number of animals and
dates of outbreaks are available
in the online Technical Appendix
Table (https://wwwnc.cdc.
gov/EID/article/23/4/16-1218Techapp1.pdf).

are at risk for infection (4). Legal and illegal movement of
domestic small ruminants into wildlife territories over short
and long distances, within and across borders, increases the
possibility of transmission of various pathogens, including
PPRV, to wild small ruminants, which may threaten vulnerable species. Transboundary circulation between China and
Kazakhstan was recently shown for PPRV strains closely
related to the PPRV Iran/2015 strains, suggesting that these
closely related strains have been circulating in central and
western Asia for a few years (5).
Clinical signs similar to those caused by PPRV infection were observed in domestic small ruminants in villages
around the Kharmaneh-sar Tarom region before deaths
were noted among wild goats in the area, and the samples
collected from domestic animals tested positive for PPRV.
It is unknown whether PPRV-infected wild small ruminants
may contribute to PPRV spread by spillback to domestic
small ruminants.
Comprehensive field studies of PPRV infection in domestic and wild small ruminants are necessary to evaluate
the occurrence and origin of PPRV infections and of different PPRV strains in domestic and wild small ruminants
in Iran. Emerging PPRVs can potentially spread to all

susceptible small ruminant populations in the region and
cause extinction of local subpopulations. Furthermore,
control measures, such as vaccination against PPRV and
movement control of domestic small ruminants around
protected areas, would facilitate the preservation of vulnerable wild small ruminant populations and reduce the
economic effect of PPRV infection on small ruminant production in affected regions.
Dr. Marashi is a veterinary officer at the Department of
Environment in Tehran, Iran. His primary research areas are
wildlife health and diseases and epidemiologic investigation of
wildlife outbreaks.
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To investigate determinants of the public’s perceptions of
disease threat, in 2015 we conducted a randomized survey
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experiment in the Netherlands. Adults who read a mock news
article describing average or extreme outcomes from a hypothetical influenza pandemic were more influenced by average than by extreme case information. Presenting both types
of information simultaneously appeared counterproductive.

W

hen pandemics strike, clear and timely communication is essential to raising public awareness of disease threat and motivating preventive behaviors (1). Yet,
in most pandemics, the experience of affected persons is
heterogeneous: a subset of persons have severe symptoms
or sequelae, whereas most affected persons have much
milder symptoms or sequelae. This heterogeneity creates
a dilemma: Should communications about new infectious
disease threats emphasize the character and severity of
modal cases, which represents what most persons will experience, or should they focus on the severity of extreme
cases to make clear the potential threat, even if that threat
is highly unlikely? Both types of information are clearly
important. Yet, risk messages are inherently difficult to understand, and providing multiple types of information simultaneously might undermine the public’s understanding
of a threat. Simplicity of message enables communications
to stick with target audiences, and limiting communications
to fewer, clearly contextualized, issues can increase efficacy (2,3).
To begin to address this communications dilemma,
during 2015 we conducted a randomized survey experiment
with adult residents of the Netherlands who participate in
an online panel administered by Survey Sampling International (https://www.surveysampling.com/). We established
quotas for age and sex that approximated the distributions
of these characteristics in the population of the Netherlands
(online Technical Appendix, https://wwwnc.cdc.gov/EID/
article/23/4/16-1600-Techapp1.pdf). Upon completing the
survey, participants received modest prizes.
Participants read a mock news article about a new pandemic (referred to as H7N3 influenza) spreading within the
Netherlands. We randomly varied how the article discussed
the average case severity, which was 1) not discussed, 2)
described as mild (moderate fever and cough; generally
goes away by itself), or 3) described as moderately severe
(high fever, cough, vomiting; generally requires intravenous medication and hospitalization). We also independently varied the description of extreme cases, which were
1) not discussed, 2) described as (relatively) mild (requiring 1–2 days of hospitalization because of difficulty breathing, dizziness, and persistent coughing), or 3) described as
moderately severe (requiring hospitalization [and causing
1 death] because of difficulty breathing, dizziness, severe
coughing, and fluid in the lungs). This randomization resulted in a 3 × 3 between-subjects factorial design. Following guidelines for effective health messages (4), all articles
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Table. Differences in ratings of worry and vaccination intentions compared with ratings when no information was provided about a
hypothetical influenza pandemic, the Netherlands, 2015*
Extreme case scenario
Average case scenario
No Information
Mild severity
Moderate severity
No information
Worry if symptoms
Reference
–0.01
+0.20
Worry about extreme
Reference
+0.07
+0.13
Vaccination intentions
Reference
–0.16
+0.18
Mild severity
Worry if symptoms
–0.23
–0.08
–0.07
Worry about extreme
–0.07
–0.01
+0.01
Vaccination intentions
–0.25
–0.18
–0.12
Moderate severity
Worry if symptoms
+0.26
+0.18
+0.17
Worry about extreme
+0.22
+0.13
+0.13
Vaccination intentions
+0.21
+0.05
–0.06
+, increased worry; –, decreased worry.

included a (fixed) efficacy message, instructing readers to
cover their mouths for coughs and sneezes and wash hands
frequently to prevent disease spread (online Technical Appendix). This design received exempt status approval from
the University of Michigan Medical Institutional Review
Board (Ann Arbor, MI, USA).
Our analyses focused on 3 questions: how much respondents would worry if symptoms developed, how much
they would worry about extreme effects if they contracted
the disease, and participants’ vaccination intentions if a
vaccine were available. All questions were 5-point Likert
scales, where higher values represented greater worry or
intent to vaccinate. Although absolute rates of concern and
vaccination intentions are not generalizable from the hypothetical scenario, significant differences among the experimental conditions should be. We conducted 3 × 3 analyses
of variance and ordered logistic regression analyses of each
outcome with variables for each level of average and/or extreme case information (not present, mild, moderate). The
results showed close correspondence, so for simplicity we
report only analysis of variance results.
A total of 2,695 participants completed the survey and
answered the 3 primary outcome questions. Average age
was 49.2 (SD ± 15.6; range 18–96) years, and 49.8% of
respondents reported being female.
Overall, respondents were most sensitive to descriptions of average case severity: worry if symptoms:
F(2,2686) = 20.87, p<0.001; worry about extreme:
F(2,2686) = 6.16, p = 0.002; vaccination intentions:
F(2,2686) = 7.56, p<0.001. By contrast, the main effect of extreme case information was nonsignificant in
all 3 analyses (0.16<p<0.77). However, we noticed evidence of an interaction effect for vaccination intentions
(F[2,2686] = 3.23, p = 0.01).
The main effect of average case information was clearly
visible among respondents receiving no information about
extreme cases (Table, first column). Yet, the effect of average case information appears muted (less variance) when
extreme case descriptions were also presented. In fact, if

participants were told that the average case was moderately
severe (Table, bottom row), adding extreme case information (either severity level) did not increase worry or vaccination intentions, and the trend is negative.
Our data suggest that information about average cases
and extreme cases did not have additive effects on participants’ responses. We observed the strongest effects (positive and negative) of average case information when information about extreme cases was not provided. Providing
average case information might inhibit consideration of
just how serious the disease could be. Average case information also might have higher personal relevance to the
public because extreme cases are more easily discounted. If
so, public health communications about new threats should
avoid presenting both types of information simultaneously.
Funding for this research was provided to A.F. from the
European Union’s Seventh Framework Programme for research,
technological development, and demonstration under grant
agreement #278763. The funding agreement ensured the authors’
independence in designing the study, in the collection, analysis,
and reporting of the data, and in the decision to submit the article
for publication.
Dr. Zikmund-Fisher is associate professor of Health Behavior
and Health Education at the University of Michigan School of
Public Health. His research focuses on determinants of health risk
perceptions and designing effective health risk communications.
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West Nile virus (WNV) infection is mainly asymptomatic
but can be severe in elderly persons. As part of studies
on immunity and aging in Connecticut, USA, we detected
WNV seroconversion in 8.5% of nonimmunosuppressed
and 16.8% of immunosuppressed persons. Age was not a
significant seroconversion factor. Our findings suggest that
immune factors affect seroconversion.

S

ince the 1999 emergence of West Nile virus (WNV) in
North America, >43,000 cases of disease and 1,884 deaths
have been reported (1); overall infections are estimated at ≈3
million (2). Although WNV infections can be asymptomatic,
they can also cause severe neuroinvasive disease, especially
among infants, immunocompromised persons, and elderly
persons (3). Control of WNV infection involves innate immune pathways that mediate initial recognition and regulation of viral replication and adaptive immune responses that
provide long-term protection (3). Spatial distribution analysis
and mosquito surveillance studies have confirmed that WNV
is endemic to Connecticut, USA (1,4).
708

We compared seroprevalence and demographics for
890 nonimmunosuppressed and 173 immunosuppressed
adults enrolled in a study on immunity in aging (approved
by the Human Investigations Committee of Yale University) (5) with those of symptomatic WNV case-patients
reported to the Connecticut Department of Health (DPH)
during 2000–2014. DPH-reported symptomatic case-patients (n = 116) sought medical attention and had a positive
WNV laboratory test result (1). None of the asymptomatic
participants were reported to DPH as WNV case-patients.
Immunosuppressed participants followed an immunosuppressive medication regimen or had a diagnosis of rheumatoid arthritis (5). For all participants, we assessed previous
exposure to WNV by immunoblot for WNV envelope protein (6). Seroconversion to WNV was distinguished from
cross-reactivity to other flaviviruses by rescreening all positive serum against a recombinant WNV-specific mutant
envelope protein that lacks the conserved cross-reactive
fusion loop epitope (7).
We compared demographic characteristics of participant groups by using the Student t-test for continuous variables and χ2 and Fisher exact tests for categorical variables;
p<0.05 indicated statistical significance. Analysis was
completed with SAS software version 9.3 (SAS Institute,
Cary, NC, USA) and Prism 6 (GraphPad Software, Inc., La
Jolla, CA, USA).
Immunoblot detected evidence of WNV exposure in
76 (8.5%) of the 890 nonimmunosuppressed participants
(Table). These seropositive participants reported neither
symptoms nor diagnosis of WNV infection and are considered to have had asymptomatic infections. Timing of
asymptomatic infections could not be determined, but antibodies against WNV are durable and do not differ between
asymptomatic and symptomatic adults (8).
Although age is a critical risk factor for severe WNV
infection (3,9), the mean age of seropositive and seronegative nonimmunosuppressed participants did not differ significantly (Table). The rate of asymptomatic seroconversion did not vary significantly among the 890 persons in 3
age groups: <35 years (42/421), 35–65 years (7/121), and
>65 years (27/348) (p = 0.338). Seroconversion rates did
not differ significantly by patient sex but were significantly
elevated among those in self-identified Hispanic groups
(p<0.0001), possibly because of different exposure histories. The similar age distribution among asymptomatic seroconverters suggests that the observed age-associated susceptibility to clinically apparent disease may result from
other factors, including individual host factors and dysregulation in immune responses (6,10).
Among 173 immunosuppressed adults, 29 (16.8%)
showed evidence of exposure to WNV (Table), resulting in
2.16 times the odds of positive immunoblot result than for
nonimmunosuppressed adults (76/890, 8.5%; p = 0.002).
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Table. Seroconversion rates among participants in study of West Nile virus, Connecticut, USA, 2000–2014*
Asymptomatic
Not immunosuppressed
Immunosuppressed
Seropositive,
Seronegative,
Seropositive,
Seronegative,
Participant
n = 76
n = 814
n = 29
n = 144
Age, y, mean ± SEM
45.7 ± 2.7
48.6 ± 0.8
43.55 ± 2.5
48.48 ± 1.2
Female, %
52.6
61.1
82.8
76.4
Hispanic, %
7.9
4.1
55.2
16.7‡
White, %
59.2
81.7§
75.9
75.0

Symptomatic,
DPH case-patients
2000–2014, n = 116
56.6 ± 1.7†
44.0
Data not available
Data not available

*DPH, Connecticut Department of Public Health.
†Mean age for DPH case-patients differed statistically from that for seropositive nonimmunosuppressed (p<0.001) and seropositive immunosuppressed
(p<0.001) participants.
‡Difference in percentage of Hispanics within the seropositive and seronegative categories of the immunosuppressed population (p<0.0001).
§Difference in percentage of participants self-identifying as white within the seropositive and seronegative categories of the nonimmunosuppressed
population (p<0.0001).

Seroconversion rates among immunosuppressed persons
did not differ statistically according to sex or age. The seroconversion rate was higher among immunosuppressed
Hispanics (16/40, 40.0%) than non-Hispanics (13/132,
9.8%) (p<0.0001). Because the immunosuppression status
of DPH-reported case-patients was not available, we could
not further explore a role for immunosuppression in the occurrence of WNV infection among these patients. Immunosuppression carries unique risks for infectious diseases;
thus, the higher rate of seroconversion among immunosuppressed participants may be a consequence of underlying
medical conditions or medication regimens.
The mean age for asymptomatic seropositive adults,
nonimmunosuppressed and immunosuppressed, was lower than that for DPH-reported symptomatic case-patients
(Table; p = 0.0004). The 2 groups did not vary significantly according to sex (p = 0.30). Because racial data
for DPH-reported case-patients was not available, no
comparison by race was possible. Comparison of geocoded household locations of all study participants and
DPH case-patients showed an overlapping distribution of
nonimmunosuppressed and immunosuppressed asymptomatic seroconverters and DPH case-patients (online
Technical Appendix Figure, https://wwwnc.cdc.gov/EID/
article/23/4/16-1669-Techapp1.pdf). Although only a surrogate for location where infection was acquired, this
mapping provides no support for localized pockets of increased disease susceptibility.
We provide evidence of WNV exposure in Connecticut among 1,063 adults who differed by age, sex, race, and
immunosuppression status. Among nonimmunosuppressed
asymptomatic participants, age was not a significant factor with regard to WNV seroconversion. However, mean
age of symptomatic case-patients was older than that of
asymptomatic seropositive participants, indicating that age
remains a factor in disease susceptibility (9). Age has a
well-documented role in decreased immune cell function
and increased susceptibility to infectious diseases, including WNV (9,10); dysregulation of immune responses with
elevated cytokine levels may contribute to development of
severe disease. The higher WNV seroprevalence among

immunosuppressed adults strongly suggests a key role for
immune factors in seroconversion.
Ongoing research seeks to further define the immune
system attributes that lead to increased risk for higher
WNV disease severity; active areas of interest include genomic, transcriptional, and immune- and age-related variable responses (6,8,9). In addition to environmental conditions that affect vector abundance, our study suggests that
individual variation, such as immune status, may be a key
driver for susceptibility to infection and disease severity
and for differing seroconversion rates among neighbors.
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To investigate the prevalence of the recently emerging colistin resistance gene mcr-1 in Enterobacteriaceae among
companion animals, we examined 566 isolates collected
from cats and dogs in Beijing, China, during 2012–2016. Of
these isolates, 49 (8.7%) were mcr-1–positive.

M

ultidrug-resistant and extensively drug-resistant gramnegative bacteria are a major threat to public health
worldwide (1,2). The recent rapid dissemination of carbapenem-resistant Enterobacteriaceae has worsened this situation and further narrowed treatment options for infections
caused by these bacteria (3). Colistin is a last-resort drug for
treating carbapenem-resistant Enterobacteriaceae infections
(4). In 2016, we identified the mobile colistin resistance gene
mcr-1 (1). Soon after its description, mcr-1 was observed in
Enterobacteriaceae from humans and food-producing animals in >30 countries on 5 continents (5).
A 2016 article reported that a 50-year-old man who
worked in a pet store tested positive for mcr-1–harboring
E. coli (6). Investigation identified 6 multidrug-resistant
mcr-1–producing E. coli isolates in samples from 4 dogs
and 2 cats in the pet store, indicating that the pathogens can
be transmitted between humans and companion animals.
So far, the prevalence of mcr-1-containing Enterobacteriaceae in companion animals is largely unknown. In our
study, we focused on estimating the prevalence of mcr-1 in
Enterobacteriaceae of companion animal origin in Beijing,
China, during 2012–2016, and investigated the presence of
the mcr-1 gene in pet foods purchased there.
In Beijing, the total number of registered dogs and cats
is ≈1.2 million. We collected samples from both healthy
and sick dogs and cats in Veterinary Teaching Hospital of
China Agricultural University.
A total of 566 nonduplicate Enterobacteriaceae strains
were isolated from 1,439 nasal and rectal swab samples
collected from 1,254 dogs and 185 cats during 2012–2016.
We also isolated 25 Enterobacteriaceae from 32 nasal
swab samples from the pet owners. Because the food chain
is among the main routes for humans and companion animals to acquire foodborne pathogens, we collected a small
sample of pet foods (dog food, n = 30; cat food, n = 5)
containing chicken as the main ingredient in Beijing during
June–August 2016.
The species of all Enterobacteriaceae were determined by 16S rDNA sequencing and matrix-assisted laser
desorption/ionization time-of-flight mass spectrometry of
specimens cultured on brain–heart infusion agar plates containing 2 μg/mL colistin. A total of 79/566 (14.0%) of the
Enterobacteriaceae isolates from companion animals were
resistant to colistin: 56 E. coli, 16 Klebsiella pneumoniae,
5 Enterobacter cloacae, 1 Enterobacter aerogenes, and 1
Shigella spp. PCR amplification of mcr-1 indicated that
8.7% (49/566) of Enterobacteriaceae and 62.0% (49/79)
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of colistin-resistant isolates harbored the mcr-1 gene, 47 E.
coli and 2 K. pneumoniae. Only 1 E. coli isolate from a pet
owner was colistin-resistant and mcr-1–positive. The proportions of mcr-1–containing E. coli per year ranged from
6.1% to 14.3% (Figure).
We examined the susceptibility of colistin-resistant E.
coli to 8 other antimicrobial agents by agar dilution, according to the recommendations of Clinical and Laboratory Standards Institute (7). The mcr-1–carrying E. coli
exhibited high resistance rates to ampicillin (97.9%), cefotaxime (91.5%), chloramphenicol (89.4%), and gentamicin
(85.1%) (online Technical Appendix Table 1, http://wwwnc.cdc.gov/EID/article/23/4/16-1732-Techapp1.pdf) but
were susceptible to imipenem. The mcr-1–positive E. coli
were more often resistant to amoxicillin/clavulanate, ampicillin, and chloramphenicol than were the mcr-1–negative
E. coli (p<0.05) (online Technical Appendix Table 1).
All 57 colistin-resistant E. coli were subjected to XbaI
pulsed-field gel electrophoresis (PFGE). The 55 colistin-resistant E. coli strains (2 nontypeable strains were excluded)
were subdivided into 33 patterns and grouped into 31 clusters (A–Z, AB–AF) (online Technical Appendix Figure).
The diversity and similarity of PFGE patterns of E. coli
from different origins suggested that the dissemination of
mcr-1 was possibly related to both clonal expansion and
horizontal transmission.
Of note, the 1 E. coli colistin-resistant, mcr-1–positive
isolate from a pet owner had the same PFGE pattern as 5
isolates from dogs and cats. Multilocus sequence typing
linked these 6 strains to sequence type 101. These results
suggest that E. coli strains can be exchanged between companion animals and humans.
The PCR and sequence analysis of the pet food samples showed that 7 of 35 samples were positive for mcr-1.
Companies in China produced 5 of these foods; the other
2 were from Italy and Belgium (online Technical Appendix Table 2). These results suggest that pet foods may be
a source from which intestinal bacteria of companion animals can acquire the mcr-1 gene.

Currently, colistin is not used to treat companion animals in China. The companion animals included in this
study were from an urban area of Beijing, so they had minimal or no contact with food-producing animals in which
colistin may have been used. Because we found mcr-1 in
pet foods, we speculate that the pet food industry may be
a source of mcr-1 among companion animals. Because of
frequent and close contact between humans and companion animals, our study proposes that opportunities exist to
transmit colistin-resistant Enterobacteriaceae to and from
both groups. Thus, colistin-resistant Enterobacteriaceae
from companion animals may represent a potential risk to
human health. Further surveillance and control efforts are
needed to reduce colistin-resistant and mcr-1–containing
Enterobacteriaceae in companion animals and food-producing animals.
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Each year in the United States, 500 patients are hospitalized
for cat-scratch disease, caused by Bartonella henselae infection. We report a case of rare but serious neurologic B. henselae infection. When typical features of cat-scratch disease
occur with neurologic findings, Bartonella infection should be
suspected and diagnostic testing should be performed.

I

n a recent epidemiologic study, Nelson et al. (1) estimated that each year in the United States, 500 patients
are hospitalized for cat-scratch disease (CSD), caused by
Bartonella henselae infection. Typical disease presentation includes enlarged lymph nodes proximal to the site
of organism inoculation. B. henselae can disseminate and
infect various organs, including the central nervous system
(CNS). For patients with neurologic involvement, laboratory diagnosis can be challenging.

In 2015, a previously healthy 46-year-old woman
was referred to Bern University Hospital, Bern, Switzerland, for suspected acute ischemic stroke; she was experiencing dysarthria, aphasia, dysphagia, paresthesia, and
weakness in both legs. She reported no travel history or
recent vaccination but reported having had contact with
her neighbor’s cat.
Physical examination revealed blood pressure 130/80
mm Hg and heart rate 100 beats/min. Also noted were flaccid paralysis of the lower extremities (manual muscle testing score 4, dorsal and plantar flexion of the foot; manual
muscle testing score 2, flexion and extension of the thighs),
dysarthria, peripheral facial paralysis, and gaze-evoked
nystagmus. Serum leukocyte count was 7.2 × 109 cells/L
(without a left shift of neutrophils), and serum C-reactive
protein level was 8 mg/L (reference <5 mg/L). Magnetic
resonance images of the brain showed no abnormalities,
but those of the spinal cord showed longitudinal lesions
consistent with transverse myelitis (Figure). Analyses of
cerebrospinal fluid (CSF) revealed a cell count of 167/µL
(98% mononuclear cells) and elevated levels of protein (1.1
g/L) and lactate (2.4 mmol/L). The CSF/serum ratio of albumin indicated a blood–CSF barrier dysfunction. Thus, a
diagnosis of meningoencephalitis and acute transverse myelitis was made.
Initial treatment consisted of corticosteroids and empirically prescribed antiinfective therapy with acyclovir,
amoxicillin, and ceftriaxone. After 5 days of incubation,
Figure. Images of woman with
transverse myelitis and Bartonella
henselea infection. A) Magnetic
resonance image of the spine
showing transverse myelitis
(arrowhead). Fat-saturated (fs)
T1-weighted image with contrast
medium (cm), sagittal plane (left
panel) and axial plane (middle
panel). T2-weighted image, sagittal
plane (right panel). B) Coronal view
of computed tomography image
of the chest, showing right axillar
lymphadenopathy (arrows). C) Right
index finger, showing a persistent
ulcer from a cat scratch.
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CSF samples showed no microorganism growth; however,
specific culture techniques for Bartonella spp. were not
used because lumbar puncture had been performed before
CSD was suspected. PCR results were negative for herpes
simplex virus 1/2, varicella zoster virus, cytomegalovirus,
Epstein-Barr virus, and enterovirus. Serologic test results
were negative for Borrelia burgdorferi, Treponema pallidum, Mycoplasma pneumoniae, tickborne encephalitis
virus, Toxoplasma gondii, and HIV, as were results for
Cryptococcus neoformans serum antigen testing. Results
of a multiplex PCR for respiratory viruses and M. pneumoniae in a nasopharyngeal swab sample were negative.
Therefore, empirical treatment with antiviral and antibiotic agents was stopped. Because no infectious etiology
was found, the differential diagnosis included vasculitis
and neoplastic and paraneoplastic disorders. The clinical
findings and high CSF cell count argued against multiple
sclerosis. Test results were negative for autoantibodies
(antinuclear antibodies; c and p antineutrophil cytoplasmic antibodies; double-stranded DNA antibodies; and
antiphospholipid, onconeural, and neuromyelitis optica
[antiaquaporin 4] autoantibodies).
Computed tomography of the chest and abdomen
showed no evidence of neoplasia but did show enlarged
right-sided axillary lymph nodes (Figure). This result, together with a visible scratch on the patient’s right index
finger (Figure) and a history of contact with the neighbor’s
cat, was highly suggestive of CSD. The PCR result for B.
henselae (online Technical Appendix, https://wwwnc.cdc.
gov/EID/article/23/4/16-1733-Techapp1.pdf) in a biopsy
sample from the right index finger was positive, as was
the result of an indirect immunofluorescence assay for B.
henselae IgG (titer 1:512). After being asked, the patient
reported having been scratched by the cat 6 weeks earlier
and having felt enlarged axillary lymph nodes 4 weeks
before admission. The PCR result for B. henselae in CSF
was negative. Intrathecal antibody production was not elevated, and the specific CSF/serum ratio for IgG against
Bartonella was negative, although the laboratory method
for the latter is not standardized. CSD-associated transverse myelitis was postulated. Doxycycline was given for
3 weeks and continued with tapering doses of corticosteroids. The patient improved, but at follow-up examination
6 months after discharge, she reported residual neurologic
symptoms, including fatigue, chronic headache, radicular
neuropathic pain, and slight gait unsteadiness. B. henselae
IgG titer was 1:64.
For this patient, the classic features of CSD were present, and laboratory diagnosis of CSD was made by 2 methods. Nonetheless, we detected neither Bartonella antigens
in CSF via PCR nor significant intrathecal production of
antibodies against Bartonella. Thus, we cannot rule out
coincidental CSD and idiopathic inflammatory myelitis.

However, in the latter disease, the CSF cell count is typically markedly lower and the myelitis less extensive than
was observed for this patient. Moreover, the consistent time
course of the disease, lack of an alternative diagnosis, and
similarity to other clinical courses suggest CSD-associated
transverse myelitis (2). In previously published cases of
patients with CNS manifestations and CSD, laboratory diagnosis was not made from CSF samples (2–6). Therefore,
it is uncertain whether the pathogenesis of myelitis is the
result of direct invasion of the spinal cord by B. henselae or
an immune-mediated postinfectious process (2).
Our report and others (2–6) demonstrate that diagnosis
of B. henselae CNS disease is currently based on neurologic
symptoms and findings after a cat scratch, not on laboratory
diagnosis of CSF or CNS biopsy samples. Nonetheless, for
suspected cases of CSD, laboratory studies from serum or
skin lesion samples should be used for confirmation.
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On August 27, 2014, a 48-year-old man with a history
of HIV infection who was receiving antiretroviral therapy
was admitted to an Ebola treatment unit (ETU) in Monrovia, Liberia, with a 1-week history of fever, chills, and
weakness and a 2-day history of vomiting and diarrhea.
The next day, he had a positive result for Ebola virus in
blood by real-time reverse transcription PCR (RT-PCR),
with a cycle threshold (Ct) of 32.39. While in the ETU, he
continued his antiretroviral therapy. The patient was discharged on September 8, 2014, after showing a negative
result for Ebola virus in blood by RT-PCR.
When the patient was first given a diagnosis of infection with HIV-1 in October 2009 (CD4 cell count 46/µL)
(Figure), he was given ART with zidovudine/lamivudine/
nevirapine and trimethoprim/sulfamethoxazole for prophylaxis against opportunistic infections. On March 25, 2010,
he was given a diagnosis of co-infection with HIV-1 and
HIV-2, and his ART regimen was changed to zidovudine/
lamivudine/lopinavir plus ritonavir because HIV-2 strains
are typically resistant to non-nucleoside reverse transcription inhibitors, such as nevirapine. His CD4 cell count 4
months before admission to the ETU was 459/µL on April
24, 2014. His only measured CD4 cell count after recovery

DOI: http://dx.doi.org/10.3201/eid2304.161743

Ebola virus is known to persist in semen of male survivors
of Ebola virus disease (EVD). However, maximum duration
of, or risk factors for, virus persistence are unknown. We report an EVD survivor with preexisting HIV infection, whose
semen was positive for Ebola virus RNA 565 days after recovery from EVD.

I

n March 2015 in Liberia, unprotected sexual intercourse
was strongly suspected in the transmission of Ebola virus
disease (EVD) from a male survivor of EVD to his female
partner (1). Results of Ebola RNA sequence analysis for a
semen sample from the survivor 199 days after onset of illness and blood samples from the female patient were consistent with direct transmission.
In July 2015, the Liberian Ministry of Health established the Men’s Health Screening Program to offer semen testing for Ebola virus and behavioral counseling
on safe sexual practices to male survivors of EVD to the
Ebola response (2). We report a survivor of EVD who
had a preexisting HIV infection whose semen was positive for Ebola virus RNA 565 days after recovering from
this disease.
1
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Figure. Ebola virus RNA detected by RT-PCR in semen samples
from an HIV-positive survivor (48-year-old man) of Ebola virus
disease, Monrovia, Liberia, 2009–2016. RT-PCR cycle threshold
(Ct) values for Ebola virus VP40 and NP gene targets are reported
by days from the patient’s discharge from the ETU to collection of
a semen specimen. A gene target is considered detected if the Ct
is <40. If gene amplification is not demonstrated within 40 cycles,
then the gene target is considered undetectable and no Ct is
reported. All undetectable results are indicated as Ct values of 40.
CD4 cell counts per microliter were 46 on October 20, 2009; 48
on November 12, 2009; 358 on March 25, 2010; 358 on April 22,
2010; 563 on November 22, 2010; 824 on January 22, 2013; 459
on April 24, 2014; and 529 on August 9, 2016. The patient had a
CD4 cell count of 529/µL 699 days after discharge from the Ebola
treatment unit. On November 12, 2009, the patient was given
an ART regimen of zidovudine/lamivudine/nevirapine. On April
22, 2010, the ART regimen changed to zidovudine/lamivudine/
lopinavir plus ritonavir. ART, antiretroviral therapy; Ct, cycle
threshold; ETU, Ebola treatment unit; NP, nucleoprotein, RT-PCR,
reverse transcription PCR; VP40; viral structural protein 40.
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from EVD was 529/µL on August 9, 2016. He reported
compliance with his ART regimen and denied any serious
illness since the time of his HIV diagnosis.
The patient enrolled in the Men’s Health Screening Program on October 21, 2015. Per program protocol, his semen
was tested every 4 weeks for Ebola virus by RT-PCR using
described methods (2). Specimens are considered positive if
viral structural protein 40 gene and nucleoprotein gene targets of Ebola virus have Ct values <40, and indeterminate if
only 1 gene target has a Ct <40. Since his enrollment in the
program, the semen of the patient has been positive for Ebola
virus RNA up to 565 days after he was discharged from the
ETU. Ct values plateaued to indeterminate for samples up
to 758 days after discharge (Figure). Although detection of
Ebola virus RNA by RT-PCR does not necessarily indicate
the presence of infectious virus, a previous study reported
Ebola virus infectivity by RT-PCR–positive human semen
samples in immunodeficient mice (3).
The prolonged period during which Ebola virus RNA
was detected in this patient adds to evidence (2–4) that
there is heterogeneity in duration of Ebola virus persistence
in semen among survivors of EVD. Although etiology of
this heterogeneity is unclear, possible explanations for this
patient include age-associated effects (2), attenuated clearance caused by dual HIV infection, immunosuppression
from etiologies other than HIV, severity of acute illness, or
unknown host genetic factors. Although the patient had an
adequate CD4 cell count, chronic inflammation, immune
system dysregulation, and accelerated immunoscenescence
in well-controlled HIV patients have been described and
are clinically manifested as early cardiovascular disease,
neurocognitive disorders, metabolic syndrome, and non–
AIDS-associated cancers (5). Therefore, co-infection with
HIV might play a role in persistence of Ebola virus in semen, despite an adequate clinical response to ART.
Because HIV infection is treatable and testing is readily
available in West Africa, semen testing programs for Ebola virus should consider offering HIV testing to male survivors of
EVD with persistently detectable Ebola virus in semen. Furthermore, HIV care was interrupted during the Ebola outbreak
in West Africa because of closure of clinics and interruption
of ART distribution (6). This case- patient had a favorable
outcome for EVD despite being HIV positive, which emphasizes the need for continuing treatment for HIV infection in
the setting of a large-scale Ebola outbreak. In addition, this
case highlights the need for a better understanding of the role
that co-infection with HIV might play in persistent detection
of Ebola virus RNA in male survivors of EVD.
Dr. Purpura is an Epidemic Intelligence Service Officer in the
National Center for Emerging and Zoonotic Infectious Diseases,
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We conducted a study in Binh Phuoc, Vietnam, in 2015 on
the therapeutic efficacy of dihydroartemisinin/piperaquine
for Plasmodium falciparum malaria. A high number of treatment failures (14/40) was found, and piperaquine resistance in Vietnam was confirmed. A change in the malaria
treatment policy for Vietnam is in process.

T

he high failure rate of artemisinin-based combination
therapy in the treatment of uncomplicated Plasmodium falciparum malaria has been a growing concern in
the Greater Mekong Subregion of Southeast Asia. High
numbers of treatment failures were reported for dihydroartemisinin/piperaquine in Cambodia (1), but efficacy of this
drug has remained high in Vietnam since its introduction
in 2003. We investigated dihydroartemisinin/piperaquine
efficacy in the treatment of uncomplicated P. falciparum
malaria in Binh Phuoc Province, Vietnam, during August–
December 2015. We looked for molecular markers of drug
resistance and determined piperaquine blood levels in treated patients to assess if piperaquine resistance was present
in Vietnam. This study was approved by the ethics boards
of the Ministry of Health in Vietnam and the Western Pacific Regional Office of the World Health Organization.
The National Institute of Malariology, Parasitology,
and Entomology conducted this study as part of routine surveillance on drug efficacy following the 2009 World Health
Organization protocol (2). After obtaining written consent,
patients (age of inclusion, 2–60 years) were enrolled and
given dihydroartemisinin/piperaquine (Pharbaco, Hanoi,
Vietnam) at a target dosage of 2.4 mg/kg for dihydroartemisinin and 18 mg/kg for piperaquine once a day for 3 days.
Patients with treatment failures were subsequently given
quinine hydrochlorate (30 mg/kg/d) and doxycycline (3 mg/
kg/d) for 7 days. Primary endpoint was adequate clinical and
parasitologic response (ACPR) on day 42; PCR genotyping,
comparing day 0 and day of failure samples, was used to distinguish recrudescence from reinfection with another strain
(2). Dried blood spots were collected on day 0 and analyzed
for mutations in the K13 propeller domain (3), Pfmdr1 copy
number (4), and Pfplasmepsin2 (PfPM2) copy number (5),
which are markers associated with artemisinin, mefloquine,
and piperaquine resistance, respectively. By using a previously established relationship between capillary whole blood
and venous plasma, piperaquine plasma concentrations were
calculated from blood spots collected day 7 (6). Sequencing
was done by the Institut Pasteur in Cambodia, and the piperaquine blood levels were assessed by the Mahidol Oxford
Tropical Medicine Research Unit in Thailand.
Forty-six patients with uncomplicated P. falciparum
malaria were enrolled; 44 were followed until day 42, and
2 were lost to follow-up after day 14. Mean age of enrolled
patients was 26.9 (range 14–53) years, and 93% (43/46)
were male. Geometric mean parasitemia on day 0 was
17,759 (range 1,514–97,454)/μL.
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On day 3, half (23/46) of patients were parasitemic.
On day 42, a total of 65% (26/40, 95% CI 48.3%–79.4%)
had an ACPR, and 35% (14/40) had recrudescence; 4 were
withdrawn because they became reinfected.
Artemisinin resistance is defined as delayed parasite
clearance and is associated with mutations in the K13 propeller domain, the most prevalent being the C580Y mutation in the eastern Greater Mekong Subregion (7). K13
analysis of 42 samples (4 were excluded because of uninterpretable results) from our study showed that 90.5%
(38/42) were C580Y and 9.5% (4/42) were wild-type. This
C580Y prevalence is higher than that reported in a previous study done in Binh Phuoc in 2014, in which 34.5% of
samples had the C580Y mutation (B.Q. Phuc, unpub. data).
Analysis of PfPM2 showed that 25/46 (54.3%) samples had multiple copies of the gene. Of the 42 samples
with known K13 types, 22 (52.4%) had both C580Y and
PfPM2 amplifications. The remaining 3 had unknown K13
types. All 46 samples had a single copy of Pfmdr1, indicating that all parasites were sensitive to mefloquine (4).
The average day 7 piperaquine plasma concentration
(n = 42) was 35.7 (range 11.1–71.0) ng/mL. In 57.1% (24/42)
of patients, this concentration was at or above the cutoff value (30 ng/mL) associated with adequate piperaquine exposure (1). For patients with ACPRs, the average concentration
was 36.9 (range 17.2–71.0) ng/mL, and 57.7% (15/26) were
adequately exposed. For patients that had recrudescence, the
average concentration was 39.5 (range 12.4–65.7) ng/mL,
and 72.7% (8/11) were adequately exposed.
Of the 14 patients who experienced recrudescence, 10
had parasites with the C580Y mutation and PfPM2 amplifications, 3 had parasites with the C580Y mutation only,
and 1 had parasites with an unknown K13 type and PfPM2
amplifications. K13 mutations (found during routine surveillance conducted over the last 5 years in Vietnam) alone
did not lead to dihydroartemisinin/piperaquine failures.
The association between the presence of molecular markers and recrudescence is confounded by various factors,
including parasite load, immunity, and drug levels. Of the
3 patients who had recrudescence and were infected with
P. falciparum without PfPM2 amplifications, 2 had inadequate piperaquine levels. Of the 11 patients who had recrudescence and an infection with P. falciparum with PfPM2
amplifications, 7 had adequate piperaquine levels. Low
piperaquine blood levels, irrespective of the presence of
PfPM2 amplifications, might play a role in some treatment
failures. Treatment failures in cases with PfPM2 amplification–positive parasites and adequate piperaquine exposure
support the presence of piperaquine resistance in Vietnam.
Our results show that 1 K13 mutation has become
dominant and that piperaquine resistance is present in Vietnam. A change in the malaria treatment policy to treat with
artesunate/mefloquine in Binh Phuoc Province is underway.
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Highly pathogenic avian influenza (H5N8) viruses were detected in waterfowl at 2 zoos in India in October 2016. Both
viruses were different 7:1 reassortants of H5N8 viruses isolated in May 2016 from wild birds in the Russian Federation
and China, suggesting virus spread during southward winter migration of birds.

S

ince 1996, the hemagglutinin (HA) gene of subtype
H5N1 highly pathogenic avian influenza (HPAI) viruses has evolved into multiple phylogenetic clades (1). During 2010, subtype H5N8 virus, bearing an H5N1 backbone
and polymerase basic (PB) protein 1 (PB1), nucleoprotein
(NP), and neuraminidase (NA) genes from non-H5N1 virus, emerged in China (2). In January 2014, a novel reassortant HPAI (H5N8) virus was detected in poultry and
wild birds in South Korea (3) and subsequently spread to
other counties in Asia and Europe before reaching North
America by the end of 2014 (4). Because the H5N8-associated outbreaks coincided with bird migration routes, movement of wild waterfowl was suspected in intercontinental
spread (5). Therefore, understanding the source and spread
of the virus is a critical requirement for guidance of control measures. We report analysis of the genome of HPAI
(H5N8) viruses isolated from waterfowl (domestic duck
[Anas platyrhynchos domesticus] and painted stork [Mycteria leucocephala]) at 2 zoos in India in October 2016.
Twenty avian influenza viruses were isolated from 83
samples from National Zoological Park, Delhi, and Gandhi
Zoological Park, Gwalior, Madhya Pradesh, India, in October 2016. The viruses were subtyped as H5N8 using reverse
transcription PCR and real-time RT-PCR (online Technical
Appendix 1, https://wwwnc.cdc.gov/EID/article/23/4/161886-Techapp1.pdf). One representative isolate each from
Delhi (A/duck/India/10CA01/2016) and Madhya Pradesh
(A/painted stork/India/10CA03/2016) were processed
for pathogenic and molecular characterization. A detailed
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description of the methods for the intravenous pathogenicity index test and genetic analysis used are provided in online Technical Appendix 1. Nucleotide sequences were deposited in the GISAID EpiFlu database (http://www.gisaid.
org) under accession nos. EP1858833–EP1858848.
Both isolates were highly pathogenic based on amino
acid sequence at the HA cleavage region (PLREKRRKR/
GLF), which was corroborated by using an intravenous
pathogenicity index test of 3.00 (Delhi isolate) and 2.96
(Madhya Pradesh isolate). Amino acid markers in the neuraminidase protein and matrix protein 2 indicated sensitivity to neuraminidase inhibitors and amantadines. Markers
for mammalian virulence and poultry adaptation, such as
E627K and D701N in PB2 and amino acid deletion in nonstructural protein (NS) 1 (position 80–84), were absent in
the H5N8 viruses. However, 42S and 13P mutations in NS
and PB1 genes (6) associated with increased virulence of
the virus to mice were present. The PB1-F2 protein was
truncated because of nucleotide mutation C35A, leading to
premature termination after 11 aa.
Except the polymerase acidic (PA) and NP genes, all
other gene segments of both isolates shared high nucleotide
identity, ranging from 99.2% to 99.5%. The nucleotide identity of the PA and NP gene was 95.8% and 94.8%, respectively, suggesting involvement of 2 gene pools of H5N8 virus in the waterfowl outbreaks at Delhi and Madhya Pradesh.
In the HA gene phylogeny, the India isolates clustered
with H5N8 viruses from other countries in Asia and Europe
within group B (intercontinental group B) (online Technical Appendix 1 Figures 1–8). A similar grouping pattern
was observed in the neuraminidase and nonstructural (NS)
gene phylogenies. Further, within intercontinental group
B, the isolates shared >99% nucleotide sequence identity
with H5N8 viruses isolated in Uvs-Nuur Lake (located at
the Mongolia–Russia border) and Qinghai Lake, China, in
May 2016 (online Technical Appendix 1 Table 2). However, PB1, PB2, and matrix protein genes grouped with low
pathogenic avian influenza (LPAI) viruses isolated in Eurasia and H5N8 viruses isolated in Qinghai Lake, Uvs-Nuur
Lake, and Tyva Republic (Russian Federation).
In the PA phylogeny, although the Delhi virus grouped
with LPAI viruses isolated in Mongolia and Vietnam and viruses isolated in Qinghai Lake, Uvs-Nuur Lake, and Tyva Republic, the Madhya Pradesh virus shared close relationship
with LPAI viruses from Eurasia. In the NP gene phylogeny,
although the Delhi virus shared close relationship with the
Eurasia group of LPAI viruses, whereas the Madhya Pradesh
virus and H5N8 viruses from Qinghai Lake, Uvs-Nuur Lake,
and Tyva Republic are closely related to the Eurasia 2 LPAI
viruses. These results suggest that both isolates are 7:1 reassortant of the Tyva Republic and Uvs-Nuur Lake H5N8
viruses reported previously (7) with different gene constellations. A median-joining network analysis indicated that,
718

even though the contemporary H5N8 viruses isolated from
wild birds in Qinghai Lake, Uvs-Nuur Lake, and Tyva Republic are not the direct ancestors, closely related precursor
gene pools are source of the H5N8 viruses that caused outbreaks in waterfowls at the 2 zoos in India (online Technical
Appendix 1 Figure 9).
The outbreak in waterfowls at both zoos coincided with
winter migration of birds to India (September–March). The
Uvs-Nuur Lake is an important habitat for 46 resident waterfowl species and 215 different species of birds migrating
southward from Siberia (8). Therefore, different waves of migration of the wild birds might be the source of introduction of
the H5N8 virus at the 2 zoos in India, as suggested by the observed spread of H5N1 clade 2.2 and 2.3.2.1c viruses (9,10).
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We report acute tetraplegia caused by rat bite fever in a
59-year old man (snake keeper) and transmission of Streptobacillus moniliformis. We found an identical characteristic
1
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bacterial pattern in rat and human samples, which validated genotyping-based evidence for infection with the same
strain, and identified diagnostic difficulties concerning infection with this microorganism.

H

uman infections by Streptobacillus moniliformis are
assumed to be caused by rats on the basis of epidemiologic information. We provide genotyping-based
evidence for infection with the same bacterial strain in rat
and human samples and highlight diagnostic difficulties
concerning this microorganism and its potential for lifethreatening consequences.
A 59-year-old man was admitted to Centre Hospitalier
Universitaire de Tours (Tours, France) because he was unable to stand and had acute progressive onset of dyspnea
and a 15-day history of fever and arthralgia (left knee, right
wrist) but no signs of rash. He was sedated, mechanically
ventilated, and admitted to the intensive care unit. The patient had a temperature of 39°C, a pulse rate of 63 beats/
min, and a blood pressure of 126/68 mm Hg.
After discontinuation of sedation, physical examination showed cervical pain, flaccid tetraplegia, and sensitivity at the T4 level. His knees and left wrist were swollen
and had joint effusions. There was little available information for the patient because he could not speak and had no
known social contacts. Blood tests showed an increased
leukocyte count (15 × 109 cells/L), predominantly neutrophils, and an increased C-reactive protein level (125 mg/L).
The patient was given antimicrobial drugs (amoxicillin and cloxacillin) after blood and synovia (knee)
sampling. Cervical magnetic resonance imaging showed
C5–T1 vertebral osteomyelitis and an epidural abscess
with consecutive compression of the spinal cord (C5–T1)
(Figure). Surgical spinal decompression and vertebral
stabilization were not attempted because of extensiveness of injury and flaccid tetraplegia. Transthoracic and
transesophageal echocardiograms showed no features
of endocarditis. Blood cultures showed negative results.
Joint effusions contained a culture-negative inflammatory
liquid and uric acid crystals. The patient was given a tracheotomy and continuously ventilated.
A final diagnosis was obtained by sequencing the
16S rRNA gene obtained directly from synovia. An 897nt partial 16S rRNA sequence showed 99.0% identity with
sequences of S. moniliformis (GenBank accession nos.
JQ087393 and CP001779).
The patient was a snake keeper who bred rats for
snake food. He reported snake bites but not rat bites. We
sampled his snakes (Boa constrictor and Elaphe sp.) and
1 of his feeder rats (Rattus norvegicus) by obtaining swab
and biopsy specimens from oral cavities of all animals. All
cultures were polymicrobial. We used desorption/ionization time-of-flight mass spectrometry (Bruker Daltonique,
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Figure. Fat-saturated, contrast-enhanced T1-weighted magnetic
resonance image of the spine of a 59-year-old man (snake
keeper) with rat bite fever. Sagittal view of the cervical spine
shows spondylodiscitis (*) and an epidural absess with C5–T1
compression (brace). Preexisting spinal degeneration was observed
and was probably a promoting factor for spinal compression.

Wissembourg, France) to identify isolated bacteria but
failed to identify S. moniliformis.
Synovia and serum samples from the patient and oral
swab and biopsy specimens from animals were subjected
to three 16S rRNA gene–based PCRs that were genus specific, rather than S. moniliformis specific (1). Synovia from
the patient and 2 swab and 2 biopsy specimens from the
same rat, but none of the oral samples from snakes, were
positive. This result suggested rat bite fever. However, diagnosis of rat bite fever on the basis of partial 16S rRNA
gene sequencing might be uncertain (1).
We tested the same samples by using S. moniliformis–specific multilocus variant analysis (MLVA) (2) to
identify the bacterial transmission chain. Results were
consistent with those for PCR and identified 2 MLVA
genotypes of S. moniliformis in rat oral samples. Conversely, genomic information obtained for human synovia showed only 1 of these patterns, indicating a clonal
relationship with 1 of the rat bacterial strains. Serum
from the patient obtained on day 1 after hospitalization
contained antibodies against S. moniliformis when tested
by bead-based multiplex serologic analysis and indirect
immunofluorescence.
720

Rat bite fever is an underdiagnosed worldwide zoonosis closely associated with bites of rats or close contact with
them. Snakes that eat rats might serve, at least temporarily,
as reservoirs for human infection. Thus, we attempted to
detect the rat bite fever organism in oral and biopsy specimens from the patient’s snakes by using different PCRs (including a quantitative PCR that has an analytical sensitivity
of 10 DNA molecules). All results were negative.
Four studies reported rat bite fever associated with
keeping reptiles, but definitive transmission could not be
proven in these instances, in which infections seemed more
likely to be introduced by feeder rats (3–6). Regular contact
with prey rats might be a general risk factor, and being bitten
by a snake shortly after it fed on a prey rat might have the
same consequences as a rat bite. In our study, we identified
and typed the involved clone by using a recently developed,
species-specific, culture-independent MLVA scheme (http://
microbesgenotyping.i2bc.paris-saclay.fr/databases/public).
We showed that a rat might be simultaneously colonized by >1 clone of S. moniliformis and demonstrated
identical strains in the human patient and the reservoir host
(online Technical Appendix Figure, https://wwwnc.cdc.
gov/EID/article/23/4/16-1987-Techapp1.pdf). The infectious genotype has been designated as LHL18 on the basis
of the novel allele combination 17-3-16.
We demonstrated the presence of an identical characteristic S. moniliformis bacterial pattern in rat and human
samples, which validated genotyping-based evidence for
infection with the same strain. Our case highlights diagnostic difficulties concerning this microorganism and supports
tropism of this bacteria for synovial tissue and its potential
for life-threatening consequences.
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Data are lacking regarding asymptomatic and symptomatic malaria prevalence in internationally adopted children.
Among 20 children from Democratic Republic of the Congo
evaluated in Florence, Italy, in April 2016, malaria prevalence was 80%; 50% of infected children had symptomatic
malaria. Adopted children from areas of high malaria endemicity should be screened for malaria.

T

he Democratic Republic of the Congo (DRC) banned
adoption of children by parents from other countries in
2013. In February 2016, the ban was removed, and several
hundred children were allowed to join families in Europe
and in the United States. The first group of children from
DRC arrived in Italy in April 2016, and 20 children were
referred to the Center for Internationally Adopted Children
at Meyer University Hospital, Florence, Italy. All children

underwent the standard infectious disease screening tests
recommended by the American Academy of Pediatrics, including those for tuberculosis (by tuberculin skin test and
interferon-γ release assay) and intestinal parasites (by fecal
testing for ova, parasites, and antigen test for Giardia spp.)
and serologic tests for Toxocara canis, Strongyloides spp.,
hepatitis B and C viruses, HIV-1/2 viruses, and Treponema
pallidum (syphilis) (1).
Eight children who were exhibiting fever were admitted to the hospital and received a diagnosis of malaria soon
after their arrival in Italy. For malaria testing, PCR and microscopy were performed on thin and thick smears. Parasitemia level was determined by counting the parasitized
erythrocytes among the 500–2,000 erythrocytes on the thin
smear and calculating the percentage.
The remaining children from DRC were screened, and
another 8 children were found to be infected. Thus, malaria was diagnosed in 16 children (10 were boys; median
age 7 years [range 4–10 years]), and malaria prevalence
was 80% (16/20). Plasmodium falciparum infection was
documented in 15 cases, whereas a mixed infection (P. falciparum and P. ovale) was observed in 1 child. All children
underwent treatment with intravenous quinine plus artesunate or oral dihydroartemisinin/piperaquine (2). Intravenous treatment was administered to 1 child who had severe malaria (generalized seizures) and to 5 children with
a parasitemia level >2% or who exhibited vomiting and
therefore were unable to take oral medications reliably (2).
Because intravenous artesunate is unlicensed in Europe but
is available in our center, we obtained written informed
consent for its use from the patients’ parents before administration. The study received approval by Meyer University
Hospital Ethics Committee.
Other studies have assessed the prevalence of malaria
in internationally adopted children. Among a population of
182 children in France, when Blanchi et al. screened for
the children originating from malaria-endemic zones who
were exhibiting fever, splenomegaly, or both for malaria,
they found 2 infected children (3). More recently, Adebo et
al. screened 52 children arriving in the United States from
Ethiopia for malaria and reported 7 (13.5%) children with
asymptomatic malaria (4). These authors suggested that
screening be conducted of children coming from malariaendemic areas with noted risk factors, such as splenomegaly (4). Anemia (hemoglobin levels <11 g/dL) could be
another risk factor for malaria but, because it is common
in this population, it was not considered in the study by
Adebo et al. (4). However, in our population, we found that
tests for parasitemia were positive for 6 children without
splenomegaly or hepatomegaly and for 1 child who had
neither anemia (<11 g/dL), hepatomegaly, nor splenomegaly. Therefore, using clinical features to select children who
should undergo the screening may be challenging.
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Given the paucity of literature data regarding malaria
prevalence in internationally adopted children, testing by
PCR, microscopy, or both, followed by treatment of infected children, would be preferable to the empiric treatment,
considering the costs and possible adverse effects of antimarial drugs. Moreover, the preferable screening strategy is
not apparent. We did not observe any discrepancy between
microscopy and PCR results; however, a higher sensitivity
by PCR has been reported (4,5). In contrast, some experts
prefer testing by microscopy examination because PCR
techniques are not sufficiently standardized or validated to
be used for routine clinical diagnosis (2).
In our dataset, malaria prevalence was substantially
higher than that previously reported (4). This finding may
be due to the particular situation of these children and to orphanage conditions (i.e., lack of mosquito nets). Moreover,
it should be noted that, to date, 3 countries— DRC, Nigeria,
and India—account for 40% of all estimated malaria cases
in the world (6). Also, a high prevalence of asymptomatic
malaria in DRC has been reported, in ≈15% of children (7,8).
Our results should be interpreted with caution, given the
small dataset, but they should alert pediatricians regarding the
importance of assessing malaria risk in children who have
been adopted internationally. The degree of malaria endemicity in the child’s area of origin may be considered in the decision to screen asymptomatic children adopted in non–malaria-endemic countries. In particular, children who come from
areas of high malaria endemicity, such as DRC, deserve a
careful screening, even in the absence of any sign or symptom.
Dr. Chiappini is an associate professor of pediatrics at the
University of Florence. She is also the head of the unit for
internationally adopted children at Meyer University Hospital
in Florence. Her research interests focus on pediatric infectious
diseases, including HIV infection, tuberculosis, and malaria.
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To the Editor: The article by Edwards et al. (1)
contained several errors regarding testing, results, and
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interpretation of results. The authors incorrectly described the testing performed for the cord blood samples.
The American Red Cross (ARC) National Testing Laboratory (NTL) (identified as the “American Red Cross
National Donor Testing Laboratory” in the article) has
never performed indirect hemagglutination assay testing,
a method not licensed by the Food and Drug Administration (FDA) for detection of antibodies to Trypanosoma cruzi. In fact, the laboratory used a combination of
testing algorithms during 2007–2014, the period of the
study, involving 2 different FDA-licensed screening tests
and a combination of research and licensed supplemental tests. Each algorithm had varying positive predictive
values, ranging from <10% to >50%. The laboratory
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algorithm from January 2007 to the end of August 2011
included the FDA-licensed Ortho T. cruzi enzyme immunoassay (EIA) (Ortho-Clinical Diagnostics, Inc., Raritan,
NJ, USA), followed by a research radioimmunoprecipitation assay (RIPA) for supplemental testing of all repeat
reactive donations.
On September 1, 2011, the laboratory began using the
FDA-licensed PRISM Chagas chemiluminescent immunoassay (Abbott Laboratories, Abbott Park, IL, USA) for
donor screening, followed by a combination of RIPA and
the Ortho EIA for supplemental testing. On July 30, 2012,
the laboratory switched from the RIPA to the FDA-licensed
Abbott enzyme strip assay (ESA) (Abbott Laboratories) for
supplemental testing, maintaining concurrent testing with
the Ortho EIA (2). The ARC NTL notified all customers of
changes in laboratory testing algorithms.
The results reported in the article do not match those
recorded at the ARC NTL. The authors describe 25 samples
that tested reactive by indirect hemagglutination and that
19 of those were positive by supplemental RIPA testing. In
addition to the incorrect tests described, reported results do
not correspond to laboratory records. Reviewing the ARC
NTL testing results for the Carolinas Cord Blood Bank facility codes, we found that 34 unique samples tested repeat reactive from October 9, 2007, through October 13,
2014. Of these 34 samples, 11 were positive on supplemental RIPA testing and none were ESA positive; testing with
RIPA or ESA was dependent on the algorithm in place at
the time. Of the 11 samples that were reactive in screening
tests and showed positive results in supplemental tests, 2
positives were identified from October–November 2007, 1
from November 2008, 5 from June 2009–January 2010, 2
from May–June 2010, and 1 from 2012 (which does not
correspond to the data in the figure or patterns described in
the discussion). An additional 4 screening test repeat reactive donations were tested during 2015–2016, with 1 ESA
positive but Ortho EIA nonreactive.
Test results of submissions from other facility codes for
Duke University were reviewed to see whether any positive
samples were submitted from a different North Carolina laboratory; we found 10 additional screening test repeat reactive donations, but none had positive results by supplemental testing. We do not know whether testing of cord blood
samples was performed by another laboratory; only the ARC
NTL was described in the methods of this study.
Much of the interpretation of results was misleading.
The authors considered any screening test positive result as
being sufficient for confirmation of infection. To be meaningful, all samples with reactive results should be tested
further, and only those with reactive or positive results by
at least 2 different tests considered for any investigation
of epidemiologic trends. Furthermore, a single serologic
screening test reactive result confirmed as positive, though

useful for blood donor management, does not define a confirmed diagnosis of Chagas disease (3).
The authors’ use of the term incidence does not agree
with the epidemiologic definition of that term. The authors state, “The incidence of confirmed Chagas disease
among mothers who donated their neonate’s cord blood
varied over time,” “The incidence of Chagas disease varied over time,” and “A strength of this study is its large
sample size, particularly because the incidence of this
disease is low.” However, no incident T. cruzi infections
were identified by their study. No evidence of acute infection was presented. All mothers who donated cord blood
were chronically infected; the testing of their samples revealed the prevalence of positive results among the samples tested in a given period (had the numbers used been
accurate, which they were not). This distinction is key
because acute infections are more likely to be transmitted through blood transfusion and patients’ infections are
more likely to be successfully cured by antitrypanosomal
treatment during the acute phase of infection, before development of cardiac manifestations.
Preventing and controlling congenital Chagas disease is
a serious public health issue; the screening of mothers at risk
for transmitting T. cruzi infection to their babies is considered key to accomplishing these factors. The evidence base
to support screening recommendations must be high-quality
and accurate. Other studies have emphasized this risk in the
US population, particularly in Latin American immigrant
mothers (4), but further evidence is needed to guide policy
recommendations. The report of Edwards et al. (1) could be
a contribution to this needed evidence base, but only if reported data are accurate and appropriately interpreted.
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T

he use of antimicrobial
drugs in food-producing
animals can result in antimicrobial drug–resistant infections in humans. A good
example is the use of fluoroquinolone in poultry and
the emergence of fluoroquinolone-resistant Campylobacter infections among
humans. However, topics of
intense debate include the
widespread use of antimicrobial drugs in animals, the
extent to which antimicrobial
drug use in animals affects human health, what drugs used
in animals could be cause for concern to humans, and how
to prevent overall risks to human health.
The issue is complex from both policy and science perspectives. Antimicrobial drugs are used to raise all types of
food-producing animals, but detailed drug use data are still
lacking, making efforts to change drug use practices particularly challenging. In addition, because mobile genetic
elements can confer new resistance on bacteria that already
have complex ecology, there is often a lack of direct evidence to link the use of a particular antimicrobial drug to a
specific resistant organism in humans.
Policies that drive antimicrobial drug use, or lack of
use, in animals can have profound effects on the health of
the world’s population, the health of the agricultural industry, and the world’s food supply. However, even those
well-versed in the topic of antimicrobial drug resistance
find the issues of antimicrobial drug use in food-producing animals to be confusing and loaded with contrary

political opinions on the significance of the public health
threat and how best to address it.
Laura H. Kahn’s book One Health and the Politics
of Antimicrobial Resistance should be considered an essential primer for anyone who chooses to grapple with
this challenging but crucial public health issue. The
book is a concise summary of events and milestones
that have been driving forces in the use of antimicrobial
drugs for food production efforts and objectively outlines the effect these efforts have had on the problem
of drug resistance. For example, few are aware of the
effect World War II had on supply chains of traditional
animal feed supplements such as cod liver oil and fishmeal. In the United States, this interruption resulted in
the transition to using antimicrobial drugs to boost the
growth of food-producing animals. The author not only
provides the US perspective but also describes the history of antimicrobial drug use in Europe, the steps these
countries have taken to curb the tide of drug resistance,
and where progress has been made. An example is the
decrease in vancomycin-resistant enterococci carriage
among healthy people in the Netherlands and Germany
after avoparcin was banned.
The author demonstrates her command of both the
politics and the science of establishing medication guidelines throughout the book and approaches the subject
with professional objectivity. In the concluding chapter, she provides concrete recommendations for policy,
surveillance systems, and scientific research to understand and prevent antimicrobial resistance from a One
Health perspective.
Jean B. Patel
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Corrections
Vol. 22, No. 11

The name of author Massimo Ciccozzi was misspelled in Mayaro
Virus in Child with Acute Febrile Illness, Haiti, 2015 (J. Lednicky
et al.). The article has been corrected online (https://wwwnc.cdc.gov/
eid/article/22/11/16-1015_article).

Vol. 23, No. 1

The GenBank accession no. KX757840 was listed incorrectly
in Puumala Virus in Bank Voles, Lithuania (P. Straková et al.).
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The article has been corrected online (https://wwwnc.cdc.gov/
eid/article/23/1/16-1400_article).

Vol. 23, No. 3

The name of author Apurva Narechania was misspelled in
Mycobacterium tuberculosis Infection among Asian Elephants
in Captivity (G. Simpson et al.). The article has been corrected
online (https://wwwnc.cdc.gov/eid/article/23/3/16-0726_article).
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Joseph Stella (1877–1946), Spring (The Procession) (detail), c. 1914–1916. Oil on canvas, 75 5/16 in x 40 3/16 in / 191.3 x 102.1 cm.
Gift of Collection Société Anonyme, Yale University Art Gallery, New Haven, Connecticut, USA.

The Exploding Aliveness of the World
Byron Breedlove and Paul M. Arguin

W

hen Joseph Stella journeyed to New York City from
his native Italy in 1896, he intended to study medicine. Stella instead pursued art, which he studied at the Art
Students League of New York under William Merritt Chase.
During 1905–1909, Stella illustrated magazines, and he continued to draw throughout a career marked by numerous
Author affiliation: Centers for Disease Control and Prevention,
Atlanta, Georgia, USA
DOI: http://dx.doi.org/10.3201/eid2304.AC2304

shifts in his style and approach to art. According to a brief
bio from the Phillips Collection website, Stella “began as an
academic realist, but his mature work is in a modernist style,
notable for its sweeping and dynamic lines.”
During a return visit to Italy in 1909, Stella had his
initial brush with modernism, specifically with the Italian
Futurist school of painting. According to art critic Holland Carter, “Color entered his art with a bang when he
was introduced to Italian Futurism.” Not long after returning to New York from Europe, Stella became immersed in
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modernism, and he is now viewed as a principal figure in
American Modernism.
“Spring (The Procession)” this month’s cover image,
a painting bursting with innumerable dazzling slivers of
color, is considered among Stella’s finest works. The artist concentrates dark blue, gold, green, and red shards in
the lower quarter, suggesting the interactions of biological
and chemical processes following the spring thaw. Swirls
of pale yellow accented with bursts of green, blue, and gold
near the painting’s center reflect the showiness of an early
spring garden as the first flowers, shoots, and leaves appear, hungry insects and birds take wing, and lizards and
amphibians awaken from their winter torpor. Green, the
most common color in nature, dominates Stella’s celebration of renewal. According to art critic Richard Nilsen, “He
was one of those painters, like Van Gogh, who yearned to
express the exploding aliveness of the world, a man with a
visionary sense of cosmic energy.”
“The exploding aliveness of the world” that fuels artistic creativity also finds full expression in dynamic microscopic realms teeming with unfathomable numbers of
viruses, bacteria, fungi, prions, and protozoa that lead to an
incredible variety of pathologic consequences when infecting their hosts. An editorial in Nature Reviews Microbiology, which attempts to quantify some of those numbers used
to give perspective to this microscopic world, provides
this frame of reference for viruses: “Astronomy is a field
that is used to dealing with large numbers, but these can be
dwarfed when compared with life on the microbial scale.
For instance, if all the 1 × 1031 viruses on earth were laid
end to end, they would stretch for 100 million light years.”
And that is just the viruses!
That only some 1,400 recognized microbes are known
to be pathogenic to humans should not be considered reassuring. Since the 1980s, nearly 40 new pathogens have been
identified as causes of disease in humans. HIV, Ebola virus,
MERS coronavirus, SARS coronavirus, West Nile virus,
and Zika virus are among the high-profile viruses that have
emerged from the confluence of ecologic forces. Potential
new exposure to these previously quiescent microbes can
result from human incursion and settlement in remote and
rural areas, food production and importation practices, and
prevailing planetary weather and temperature.
Comparable to the exuberance of spring, the emergence of microbes is often a spectacular display of the power of nature. Similar to the explosion of springtime pollen,
some emerging infections declare their presence with large
outbreaks that are impossible to miss. Others are insidiously tenacious, going unnoticed until entrenched like flowing
waves of kudzu. Even familiar foes such as Staphylococcus
aureus, Enterobacteriaceae, and mycobacteria emerge in
their own surprising new slivers of color with the development of multiple and extensively drug-resistant varieties.
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It has been 25 years since the publication of Emerging
Infections: Microbial Threats to Health in the United States
and 14 years since the publication of Microbial Threats to
Health: Emergence, Detection, and Response. Those influential reports—which represent the insights of Joshua Lederberg, Robert Shope, and their colleagues—from the Institute
of Medicine (now National Academy of Medicine) Committee on Emerging Microbial Threats offered far-reaching
recommendations and galvanized support for research and
public health action to address the challenges posed by new,
emerging, and reemerging infectious diseases. Our success,
now and in the future, depends on having a fully functioning
national and global public health surveillance system, supported with epidemiologic and laboratory capacity, being
able to rapidly share and communicate information.
Springtime is when we see the results of the seeds
we have sown. The time and attention given to tending to
our backyard gardens, our larger communities, our public health infrastructure, and our approach to addressing
emerging infections will be apparent and on display when
that inevitable exploding aliveness occurs. Stella’s intoxicating depiction of spring may serve to remind us that we
must not become complacent, but that we must constantly
renew our focus, thinking, and approaches to addressing
emerging infections.
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Upcoming Infectious
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https://www.apha.org/annualmeeting
To submit an announcement, send an
email message to EIDEditor (eideditor@
cdc.gov). Include the date of the
event, the location, the sponsoring
organization(s), and a website that
readers may visit or a telephone number
or email address that readers may
contact for more information.
Announcements may be posted on the
journal Web page only, depending on the
event date.
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Earning CME Credit

To obtain credit, you should first read the journal article. After reading the article, you should be able to answer the following, related, multiple-choice questions. To complete the questions (with a minimum 75% passing score) and earn continuing
medical education (CME) credit, please go to http://www.medscape.org/journal/eid. Credit cannot be obtained for tests completed on paper, although you may use the worksheet below to keep a record of your answers.
You must be a registered user on http://www.medscape.org. If you are not registered on http://www.medscape.org, please
click on the “Register” link on the right hand side of the website.
Only one answer is correct for each question. Once you successfully answer all post-test questions, you will be able to
view and/or print your certificate. For questions regarding this activity, contact the accredited provider, CME@medscape.
net. For technical assistance, contact CME@medscape.net. American Medical Association’s Physician’s Recognition Award
(AMA PRA) credits are accepted in the US as evidence of participation in CME activities. For further information on this award,
please go to https://www.ama-assn.org. The AMA has determined that physicians not licensed in the US who participate in
this CME activity are eligible for AMA PRA Category 1 Credits™. Through agreements that the AMA has made with agencies
in some countries, AMA PRA credit may be acceptable as evidence of participation in CME activities. If you 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
Neurologic Complications of Influenza B Virus
Infection in Adults, Romania
CME Questions
1. Your patient is a 29-year-old woman with headache
and influenza B virus infection. According to the case
series from a tertiary facility in Romania by Popescu
and colleagues, which of the following statements
about clinical and neurologic manifestations of
influenza B virus infection in adults is most accurate?
A. Most patients with neurologic manifestations of
influenza B were elderly and had multiple previous
comorbidities and/or neurologic diseases
B. Half of patients with neurologic manifestations of
influenza B had been vaccinated against influenza
C. Cerebellar ataxia was the most common neurologic
presentation
D. Influenza B virus should be considered as an etiologic
factor in encephalitis in adults as well as in children
and adolescents
2. According to the case series from a tertiary facility
in Romania by Popescu and colleagues, which of the
following statements about treatment and course of
influenza B virus infection in adults with neurologic
complications is correct?
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A.
B.
C.
D.

There were no fatalities
Respiratory complications and life-threatening
respiratory failure were common
Neuraminidase inhibitors are less effective against
influenza B than influenza A viruses
Most adults received oseltamivir, 75 mg twice daily,
within the first 48 hours of disease onset

3. According to the case series from a tertiary facility
in Romania by Popescu and colleagues, which
of the following statements about laboratory and
neuroimaging findings of influenza B virus infection in
adults with neurologic complications is correct?
A.
B.
C.
D.

Viral sequencing identified influenza virus B
(Yam)-lineage clade 3, representative of B/
Phuket/3073/2013, in 4 patients
Cerebrospinal fluid (CSF) samples were positive for
viral nucleic acids in 4 patients
All patients had abnormal brain imaging results
All patients had CSF pleocytosis

Emerging Infectious Diseases • www.cdc.gov/eid • Vol. 23, No.4, April 2017

Earning CME Credit

To obtain credit, you should first read the journal article. After reading the article, you should be able to answer the following, related, multiple-choice questions. To complete the questions (with a minimum 75% passing score) and earn continuing
medical education (CME) credit, please go to http://www.medscape.org/journal/eid. Credit cannot be obtained for tests completed on paper, although you may use the worksheet below to keep a record of your answers.
You must be a registered user on http://www.medscape.org. If you are not registered on http://www.medscape.org, please
click on the “Register” link on the right hand side of the website.
Only one answer is correct for each question. Once you successfully answer all post-test questions, you will be able to
view and/or print your certificate. For questions regarding this activity, contact the accredited provider, CME@medscape.
net. For technical assistance, contact CME@medscape.net. American Medical Association’s Physician’s Recognition Award
(AMA PRA) credits are accepted in the US as evidence of participation in CME activities. For further information on this award,
please go to https://www.ama-assn.org. The AMA has determined that physicians not licensed in the US who participate in
this CME activity are eligible for AMA PRA Category 1 Credits™. Through agreements that the AMA has made with agencies
in some countries, AMA PRA credit may be acceptable as evidence of participation in CME activities. If you 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
Transmission of Hepatitis A Virus through Combined
Liver–Small Intestine–Pancreas Transplantation
CME Questions
1. Which of the following statements regarding
hepatitis A virus (HAV) and its transmission is most
accurate?

3. Which of the following statements regarding
laboratory testing of patients with HAV infection in the
current study is most accurate?

A.

A.

HAV is frequently associated with a prolonged
infectious carrier state
B. HAV prevalence in the United States has not changed
since the introduction of the HAV vaccine
C. HAV may cause relapsing and fulminant hepatitis
D. Parenteral transmission of HAV through infected blood
products is fairly common
2. Which of the following statements regarding the
donor of the infected tissue in the current study is
most accurate?

B.
C.
D.

The 2 home health nurses had HAV RNA with
genetically identical sequences
Only 1 of the 2 home health nurses tested positive for
HAV RNA
The visceral organ recipient tested positive for HAV
RNA in the stool but not serum after transplant
HAV RNA persisted in the visceral organ recipient in
the serum longer than the stool

A.
B.

The donor had received 2 doses of the HAV vaccine
The donor also passed HAV infection to the recipient
of his or her heart
C. The donor also passed HAV infection to the recipient
of his or her kidney
D. Pretransplant testing for HAV on the donor's organs
was probably not done
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Emerging Infectious Diseases is a peer-reviewed journal established expressly to promote the recognition of new and
reemerging infectious diseases around the world and improve the understanding of factors involved in disease emergence, prevention, and elimination.
The journal is intended for professionals in infectious diseases and related sciences. We welcome contributions from infectious disease specialists in
academia, industry, clinical practice, and public health, as well as from specialists in economics, social sciences, and other disciplines. Manuscripts in all
categories should explain the contents in public health terms. For information on manuscript categories and suitability of proposed articles, see below and
visit http://wwwnc.cdc.gov/eid/pages/author-resource-center.htm.

Summary of Authors’ Instructions
Author’s Instructions. For a complete list of EID’s manuscript guidelines, see the
author resource page: http://wwwnc.cdc.gov/eid/page/author-resource-center.
Manuscript Submission. To submit a manuscript, access Manuscript Central from
the Emerging Infectious Diseases web page (www.cdc.gov/eid). Include a cover letter
indicating the proposed category of the article (e.g., Research, Dispatch), verifying the
word and reference counts, and confirming that the final manuscript has been seen and
approved by all authors. Complete provided Authors Checklist.
Manuscript Preparation. For word processing, use MS Word. Set the document
to show continuous line numbers. List the following information in this order: title page,
article summary line, keywords, abstract, text, acknowledgments, biographical sketch,
references, tables, and figure legends. Appendix materials and figures should be in
separate files.
Title Page. Give complete information about each author (i.e., full name, graduate
degree(s), affiliation, and the name of the institution in which the work was done). Clearly
identify the corresponding author and provide that author’s mailing address (include phone
number, fax number, and email address). Include separate word counts for abstract and text.
Keywords. Use terms as listed in the National Library of Medicine Medical
Subject Headings index (www.ncbi.nlm.nih.gov/mesh).
Text. Double-space everything, including the title page, abstract, references, tables,
and figure legends. Indent paragraphs; leave no extra space between paragraphs. After
a period, leave only one space before beginning the next sentence. Use 12-point Times
New Roman font and format with ragged right margins (left align). Italicize (rather than
underline) scientific names when needed.
Biographical Sketch. Include a short biographical sketch of the first author—both
authors if only two. Include affiliations and the author’s primary research interests.
References. Follow Uniform Requirements (www.icmje.org/index.html). Do not
use endnotes for references. Place reference numbers in parentheses, not superscripts. Number citations in order of appearance (including in text, figures, and tables).
Cite personal communications, unpublished data, and manuscripts in preparation or
submitted for publication in parentheses in text. Consult List of Journals Indexed in
Index Medicus for accepted journal abbreviations; if a journal is not listed, spell out
the journal title. List the first six authors followed by “et al.” Do not cite references in
the abstract.
Tables. Provide tables within the manuscript file, not as separate files. Use the MS
Word table tool, no columns, tabs, spaces, or other programs. Footnote any use of boldface. Tables should be no wider than 17 cm. Condense or divide larger tables. Extensive
tables may be made available online only.
Figures. Submit editable figures as separate files (e.g., Microsoft Excel, PowerPoint).
Photographs should be submitted as high-resolution (600 dpi) .tif or .jpeg files. Do not embed figures in the manuscript file. Use Arial 10 pt. or 12 pt. font for lettering so that figures,
symbols, lettering, and numbering can remain legible when reduced to print size. Place figure keys within the figure. Figure legends should be placed at the end of the manuscript file.
Videos. Submit as AVI, MOV, MPG, MPEG, or WMV. Videos should not exceed 5
minutes and should include an audio description and complete captioning. If audio is
not available, provide a description of the action in the video as a separate Word file.
Published or copyrighted material (e.g., music) is discouraged and must be accompanied
by written release. If video is part of a manuscript, files must be uploaded with manuscript submission. When uploading, choose “Video” file. Include a brief video legend in
the manuscript file.

Types of Articles
Perspectives. Articles should not exceed 3,500 words and 50 references. Use of
subheadings in the main body of the text is recommended. Photographs and illustrations are encouraged. Provide a short abstract (150 words), 1-sentence summary, and
biographical sketch. Articles should provide insightful analysis and commentary about
new and reemerging infectious diseases and related issues. Perspectives may address
factors known to influence the emergence of diseases, including microbial adaptation and
change, human demographics and behavior, technology and industry, economic development and land use, international travel and commerce, and the breakdown of public
health measures.
Synopses. Articles should not exceed 3,500 words in the main body of the text
or include more than 50 references. Use of subheadings in the main body of the
text is recommended. Photographs and illustrations are encouraged. Provide a short
abstract (not to exceed 150 words), a 1-line summary of the conclusions, and a brief

biographical sketch of first author or of both authors if only 2 authors. This section
comprises case series papers and concise reviews of infectious diseases or closely
related topics. Preference is given to reviews of new and emerging diseases; however, timely updates of other diseases or topics are also welcome. If detailed methods
are included, a separate section on experimental procedures should immediately follow the body of the text.
Research. Articles should not exceed 3,500 words and 50 references. Use of subheadings in the main body of the text is recommended. Photographs and illustrations are
encouraged. Provide a short abstract (150 words), 1-sentence summary, and biographical
sketch. Report laboratory and epidemiologic results within a public health perspective.
Explain the value of the research in public health terms and place the findings in a larger
perspective (i.e., “Here is what we found, and here is what the findings mean”).
Policy and Historical Reviews. Articles should not exceed 3,500 words and 50 references. Use of subheadings in the main body of the text is recommended. Photographs
and illustrations are encouraged. Provide a short abstract (150 words), 1-sentence summary, and biographical sketch. Articles in this section include public health policy or historical reports that are based on research and analysis of emerging disease issues.
Dispatches. Articles should be no more than 1,200 words and need not be divided
into sections. If subheadings are used, they should be general, e.g., “The Study” and
“Conclusions.” Provide a brief abstract (50 words); references (not to exceed 15); figures
or illustrations (not to exceed 2); tables (not to exceed 2); and biographical sketch. Dispatches are updates on infectious disease trends and research that include descriptions
of new methods for detecting, characterizing, or subtyping new or reemerging pathogens.
Developments in antimicrobial drugs, vaccines, or infectious disease prevention or elimination programs are appropriate. Case reports are also welcome.
Another Dimension. 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. Include biographical sketch.
Research Letters Reporting Cases, Outbreaks, or Original Research. EID
publishes letters that report cases, outbreaks, or original research as Research Letters.
Authors should provide a short abstract (50-word maximum), references (not to exceed
10), and a short biographical sketch. These letters should not exceed 800 words in the
main body of the text and may include either 1 figure or 1 table. Do not divide Research
Letters into sections.
Letters Commenting on Articles. Letters commenting on articles should contain a
maximum of 300 words and 5 references; they are more likely to be published if submitted
within 4 weeks of the original article’s publication.
Commentaries. Thoughtful discussions (500–1,000 words) of current topics.
Commentaries may contain references (not to exceed 15) but no abstract, figures, or
tables. Include biographical sketch.
Books, Other Media. Reviews (250–500 words) of new books or other media on
emerging disease issues are welcome. Title, author(s), publisher, number of pages, and
other pertinent details should be included.
Conference Summaries. Summaries of emerging infectious disease conference activities (500–1,000 words) are published online only. They should be submitted no later
than 6 months after the conference and focus on content rather than process. Provide
illustrations, references, and links to full reports of conference activities.
Online Reports. Reports on consensus group meetings, workshops, and other activities in which suggestions for diagnostic, treatment, or reporting methods related to
infectious disease topics are formulated may be published online only. These should not
exceed 3,500 words and should be authored by the group. We do not publish official
guidelines or policy recommendations.
Photo Quiz. The photo quiz (1,200 words) highlights a person who made notable
contributions to public health and medicine. Provide a photo of the subject, a brief clue
to the person’s identity, and five possible answers, followed by an essay describing the
person’s life and his or her significance to public health, science, and infectious disease.
Etymologia. Etymologia (100 words, 5 references). We welcome thoroughly researched
derivations of emerging disease terms. Historical and other context could be included.
Announcements. We welcome brief announcements of timely events of interest to
our readers. Announcements may be posted online only, depending on the event date.
Email to eideditor@cdc.gov.

