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Control and Prevention of Viral
Gastroenteritis

Stephan S. Monroe

Diarrheal illness remains 1 of the top 5 causes of death
in low-income and middle-income countries, especially for
children <5 years of age. Introduction of universal childhood
vaccination against rotaviruses has greatly reduced the
incidence and severity of illness in upper-income and lower-
income settings. For adults, norovirus is the leading cause
of sporadic cases and outbreaks of diarrheal illness and is
responsible for nearly 21 million episodes annually in the
United States, of which 5.5 million are foodborne. Public
health efforts to control and prevent norovirus illness have
focused on rapid outbreak detection and source identification
and control of transmission in institutional settings.

iarrheal illness remains 1 of the top 5 causes of

death in lower-income and middle-income countries
(1), especially for children <5 years of age. In the =40
years since the initial detection of Norwalk virus (2) and
rotavirus (3) by electron microscopy in stool samples of
patients with gastroenteritis, there has been increased
recognition of the role of enteric viruses as a major cause
of diarrhea-associated illness and death in young children
and adults. Unfortunately, standard improvements in water
and sanitation that reduce the incidence of enterically
transmitted bacteria do not appear to be equally effective for
reducing the incidence of enterically transmitted viruses.
Thus, other public health approaches have been pursued for
the control and prevention of viral gastroenteritis.

For children <5 years of age, rotavirus is the leading
cause of diarrhea-associated illness and death. Fortunately,
safe and effective vaccines against rotavirus illness
are now available in many countries. Introduction of
universal childhood vaccination against rotaviruses greatly

Author affiliation: Centers for Disease Control and Prevention,
Atlanta, Georgia, USA

DOI: 10.3201/eid1708.110824
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reduces the incidence and severity of illness in upper-and
lower-income settings (4). As a result, the World Health
Organization recommended in 2009 that rotavirus vaccines
be included in all national immunization programs (5).

In adults, norovirus is now recognized as the leading
cause of sporadic cases (6) and outbreaks of diarrheal
illness and is responsible for ~21 million episodes annually
in the United States, of which 5.5 million are foodborne
(7). Efforts to develop effective vaccines for norovirus have
been hindered by lack of a cell culture system to propagate
the virus, large genetic diversity of norovirus strains, and
apparent lack of long-term immunity generated by natural
infection. Recent work on characterizing the interaction
between noroviruses and their putative cellular receptors,
histo—blood group antigens, may provide insights for
development of specific antiviral compounds (8).

Public health efforts to control and prevent norovirus
illness have focused primarily on outbreak detection and
control. The implementation of CaliciNet, as described by
Vega et al. (9), provides a useful new public health tool
for rapid identification of norovirus outbreaks. Similar
to the successful PulseNet network for molecular typing
of foodborne bacteria (10) and NoroNet in Europe (11),
CaliciNet will enable linking of cases with identical
sequence fingerprints into clusters of illness that may
have a common exposure. This linking will be particularly
useful in cases of illness related to food products with low
levels of contamination in which identification of exposure
to a common food source may be difficult by epidemiologic
methods alone.

Because a large proportion of norovirus illness results
from foodborne exposures, considerable effort has gone
into development of methods for detecting and eliminating
virus contamination from food items, particularly shellfish
(12) and fresh produce (13). Additionally, because
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outbreaks of norovirus illness often occur in institutional
settings, efforts are under way to standardize effective
methods for disinfection of contaminated surfaces (14).

Finally, several other viruses, including astrovirus,
sapovirus, and as described by Drexler et al. (15), Aichi
virus, are also responsible for diarrheal illness in children
and adults. Although the incidence and severity of illness
caused by these pathogens may not warrant immediate
development of vaccines, work continues to document
their relative contributions to diarrhea-associated illness
and death. Thus, although there is optimism for universal
vaccination to prevent illness and death from severe
rotavirus diarrhea and for reduction of norovirus illness by
rapid outbreak detection and source identification, there
are still many challenges remaining for the control and
prevention of viral gastroenteritis.

Dr Monroe is director of the Division of High-Consequence
Pathogens and Pathology at the Centers for Disease Control and
Prevention. His primary research interests are the biology and
epidemiology of high-consequence pathogens and public health
policy regarding these pathogens.
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Dengue Virus Infection in Africa

Ananda Amarasinghe, Joel N. Kuritsky, G. William Letson, and Harold S. Margolis

Reported incidence of dengue has increased worldwide
in recent decades, but little is known about its incidence in
Africa. During 1960-2010, a total of 22 countries in Africa
reported sporadic cases or outbreaks of dengue; 12 other
countries in Africa reported dengue only in travelers. The
presence of disease and high prevalence of antibody to
dengue virus in limited serologic surveys suggest endemic
dengue virus infection in all or many parts of Africa. Dengue
is likely underrecognized and underreported in Africa
because of low awareness by health care providers, other
prevalent febrile illnesses, and lack of diagnostic testing
and systematic surveillance. Other hypotheses to explain
low reported numbers of cases include cross-protection
from other endemic flavivirus infections, genetic host
factors protecting against infection or disease, and low
vector competence and transmission efficiency. Population-
based studies of febrile illness are needed to determine the
epidemiology and true incidence of dengue in Africa.

Dengue has emerged in recent decades as a worldwide
public health problem, particularly in the Asia—Pacific
and Americas—Caribbean regions (1-3). In Africa, the
epidemiology and public health effect of dengue is not
clear. Aedes spp. mosquitoes are widely distributed in
Africa and can serve as vectors of dengue virus (DENV).
When their distribution is combined with rapid population
growth, unplanned urbanization, and increased international
travel, extensive transmission of DENV is likely in Africa
(Figure) (2,4). Over the past 5 decades, cases of epidemic
or sporadic dengue have been reported in many countries
in sub-Saharan Africa (5). Although sporadic cases of
dengue hemorrhagic fever (DHF) have been reported in a
few countries in Africa, no outbreaks have been reported

Author affiliations: International Vaccine Institute, Seoul, South
Korea (A. Amarasinghe, J.N. Kuritsky, G.W. Letson); and Centers
for Disease Control and Prevention, San Juan, Puerto Rico, USA
(H.S. Margolis)

DOI: 10.3201/eid1708.101515
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(1). However, when compared with the Asia—Pacific and
Americas—Caribbean regions, the epidemiology and effect
of dengue in Africa has not been defined. A dengue outbreak
in Cape Verde was recently reported (>3,000 cases), and
the reappearance of dengue in Senegal after 20 years was
also reported (6). To estimate the extent of DENV infection
and dengue in Africa, we reviewed published literature and
other sources for reports of this disease in persons living in
or traveling to this region.

Search Methods

Published, peer-reviewed literature, published and
unpublished country reports, and the World Health
Organization (WHO) library database, including Dengue
Net, were reviewed for 1960-2010 for the key terms
“dengue” and “Africa.” In addition, we examined peer-
reviewed published literature and other sources to
determine the extent of disease among travelers returning
from Africa. We searched for publications in English by
using MEDLINE and EMBASE electronic databases, Euro
Surveillance, and ProMED-mail posts. A review for dengue
reports in languages other than English did not find any
reports that would change the conclusions of this article.

Additionally, references in each paper identified during
searches were checked. Those references not already
identified by the search were reviewed. Abstracts presented
at international forums were included if they contained
epidemiologic, entomologic, or virologic data pertaining to
dengue in Africa.

Reported Dengue in Africa

Dengue was reported in Africa in the late 19th and
early 20th centuries. Epidemics were reported in Zanzibar
(1823, 1870), Burkina Faso (1925), Egypt (1887, 1927),
South Africa (1926-1927), and Senegal (1927-1928)
(1,5,7). The epidemic in South Africa was confirmed by
retrospective neutralizing antibody testing in the mid-
1950s, but the other reported epidemics were not laboratory
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confirmed and therefore may not have been dengue. During
the 50 years from 1960 through 2010, twenty laboratory-
confirmed dengue outbreaks were reported in 15 countries
in Africa; most were from eastern Africa. Nearly 300,000
cases were reported in 5 large epidemics in the Seychelles
(1977-1979), Réunion Island (1977-1978), Djibouti
(1992-1993), Comoros (1992-1993), and Cape Verde
(2009) (6-9). DENV was first isolated in Africa in Nigeria
in the 1960s (10). Subsequently, all 4 DENV serotypes have
been isolated in Africa (1). DENV-2 has been reported to
cause most epidemics, followed by DENV-1 (8,9).

Available data strongly suggest that DENV
transmission is endemic to 34 countries in all regions of
Africa (Figure; Table). Of these countries, 22 have reported
local disease transmission, 20 have reported laboratory-
confirmed cases, and 2 (Egypt and Zanzibar) have reported
only clinical cases that were not laboratory confirmed. In
the remaining 12 countries, dengue was diagnosed only for
travelers returning to countries to which dengue was not
endemic but never reported as occurring locally in these 12
countries (Table).

Dengue among Travelers/Expatriates
Returning from Africa

The European Network on Imported Infectious Disease
Surveillance and other published data have reported 27
countries in Africa as locations where travelers/expatriates
from regions to which dengue was not endemic acquired
dengue (Table) (11-15). Among travel-acquired dengue
cases reported among persons from Europe, only 2%—-8%
had visited Africa (11-14). Although 54%—-61% and 25%—
31% of returning travelers with dengue returned from Asia
and Latin America, respectively, Africa seems somewhat
underrepresented with respect to dengue. However, this
finding is not the result of a paucity of visits among travelers
from countries to which dengue is not endemic.

Wilson et al. reported for the GeoSentinel Surveillance
Network of the International Society of Travel Medicine
and the Centers for Disease Control and Prevention that
travelers reporting illness have disproportionately visited
Africa (15). Febrile illness was more frequently reported for
travelers to sub-Saharan Africa (371 febrile illnesses/1,000
patients) than to any other region, followed by Southeast
Asia (248/1,000) and South America (143/1,000) (11).
Similar to reported global dengue endemicity patterns by
region, travelers with dengue came more frequently from
Southeast Asia and South America than Africa (11).

Prevalence of DENV Infection in Africa

Although outbreaks of dengue have been reported,
data on incidence or prevalence are not available for
Africa. A study in Nigeria determined the prevalence of
flavivirus infections among 1,816 children and adults from

1350

Segheles

Figure. Dengue and Aedes aegypti mosquitoes in Africa. Brown
indicates 34 countries in which dengue has been reported,
including dengue reported only in travelers, and Ae. aegypti
mosquitoes. Light brown indicates 13 countries (Mauritania, The
Gambia, Guinea-Bissau, Guinea, Sierra Leone, Liberia, Niger,
Chad, Central African Republic, Republic of the Congo, Malawi,
Zimbabwe, and Botswana) in which dengue has not been reported
but that have Ae. aegypti mosquitoes. White indicates 5 countries
(Western Sahara, Morocco, Algeria, Tunisia, and Libya) for which
data for dengue and Ae. aegypti mosquitoes are not available.

urban and rural areas in samples obtained mainly during
the early 1970s. Virus-specific hemagglutination inhibition
testing showed that the prevalence of immunity was 38%
for DENV-1 infection, 45% for DENV-2 infection, 43%
for yellow fever virus infection, and 49% for West Nile
virus infection (16). Serum specimens were also tested by
suckling mouse neutralization of DENV-2. The authors
concluded that because a high proportion of specimens with
antibody to DENV-2 were confirmed by neutralization and
because many had only monotypic antibody, the prevalence
results were not likely confounded by cross-reactive
antibody to other flaviviruses. In addition, this study showed
an increase in prevalence of antibodies against DENV with
age, which suggests endemic infection (16). Collenberg et
al. reported that the prevalence of antibodies against DENV
determined by immunoglobulin G indirect ELISA among
a sample of pregnant women and blood donors (n = 683)
was 26.3% in rural settings and 36.5% in urban settings in
Burkina Faso (17). However, in Cameroon, the prevalence
of antibodies against DENV determined by neutralization
testing among 256 adults was only 12.5% (18).

The prevalence of DENV infection found by these
studies was considerably lower than that found in dengue-

Emerging Infectious Diseases ¢ www.cdc.gov/eid « Vol. 17, No. 8, August 2011



Table. Countries in Africa with evidence of dengue virus

transmission*

Type and country Year Serotype
Locally acquired, n =7
Cape Verde 20097 3
Egypt 1779, 1887, 1927 Unknown
Eritrea 2005 Unknown
Mauritius 2009 Unknown
Réunion 1977-1978%1 2
Seychelles 1977-1979t 2
Sudan 1984-1986 land?2
Locally and travel acquired, n = 15
Angola 1986, 1999-2002% Unknown
Burkina Faso 1925 Unknown
1983-1986 2
2003-2004,8 2007+ Unknown
Cameroon 1987-1993,8 1999-2002,% Unknown
2000-2003,8 2006%
Comoros 1943-1948 Unknown
1984, 1992-19937t land 2
Djibouti 1991-19921 2
Cote d’'lvoire 1982 2
1998 1
1999-2002% Unknown
2008 3
Ghana 1932, 1987-19938 Unknown
2002-2005 2
Kenya 1982 2
1984-1986 land?2
Madagascar 1943-1948 Unknown
2006 1
Mozambique 1984-1985t1 3
Nigeria 1964-1968 1
Senegal 1928 Unknown
1979 1
1980-1985 2and 4
1990, 1999 2
2007% Unknown
2009 3
Somalia 1982, 1985-1987 2
1992-1993 2and 3
South Africa 1927t 1
Zanzibar 1823, 1870, 2010% Unknown
Travel/expatriate acquired, n = 12
Benin 1987-19938 Unknown
DRC 1999-2001,F 20078 Unknown
Ethiopia 1999-2002,% 20078 Unknown
Equatorial Guinea 1999-2002% Unknown
Gabon 1999-2002% Unknown
Mali 2008 2
Namibia 1999-2002,% 2006% Unknown
Rwanda 1987-19938 Unknown
Tanzania 1987-1993,8 1999-2002,% Unknown
2006,F 2010%
Togo 1987-1993,8 1999-2002% Unknown
Uganda 1999-2002% Unknown
Zambia 1987-19938 Unknown

*DRC, Democratic Republic of the Congo.

tLarge local outbreaks.

FTropNet Europ Network (www.tropnet.net) and ProMED mail
(www.promedmail.org).

§Seroprevalence study.
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endemic areas of Asia and the Americas (19). However,
it is difficult to generalize from the small number of
studies in Africa because they had small sample sizes
and noncomparative age groups. Although the testing
method used for the studies in Nigeria and Cameroon
studies would minimize overestimation of DENV infection
prevalence because of cross-reactive antibodies to other
flavivirus infections or yellow fever vaccination, use of an
immunoglobulin G ELISA in the Burkina Faso study did
not differentiate these infections.

Underrecognition of Dengue in Africa

Inregions to which malaria is endemic, >70% of febrile
illnesses are treated as presumptive malaria, often without
proper medical examination and a laboratory diagnosis
(20,21). In a setting where diagnostic testing is conducted,
such as the GeoSentinel Surveillance Network, malaria
was found to be the predominant cause of systemic febrile
illness among travelers returning from sub-Saharan Africa
(622/1,000 patients) compared with dengue (7/1,000) (11).
This finding is not unexpected because malaria is more
endemic to Africa than other febrile illnesses. However,
overdiagnosis of malaria in areas of low transmission is
well documented, and overestimation by clinical diagnosis
is =61% (20,21). Many patients in Africa with fever are
designated as having fever of unknown origin or malaria
and remain without a diagnosis even if they fail to respond
to antimalarial drugs. Under these prevailing practices,
there is a real potential of misdiagnosing dengue as malaria.

In disease-endemic countries in the Asia—Pacific and
Americas—Caribbean regions, dengue accounts for 3%-—
11% of febrile illnesses (19). Although dengue is well
recognized as a public health problem in these regions,
underreporting is common. Capture-recapture studies
in Puerto Rico showed that the degree of underreporting
and reporting in a passive surveillance system was =60%
(22). Wichmann et al. showed that in Thailand and
Cambodia underreporting of dengue was 1.4-9.6-fold
(23). A virologic study conducted in the Sudan among 100
consecutive hospitalized patients with fever reported that 21
cases were caused by DENV infection (24). Coupled with
the bias toward classifying most febrile illness as malaria,
we expect that there is substantial underrecognition and
underreporting of dengue in Africa.

During the 18th and 19th centuries, dengue was
recognized almost exclusively among colonial settlers and
military forces in Asia and the Americas and not among the
local population, probably as a consequence of inadequate
clinical investigation and surveillance (25). Similarly,
except for some reported local outbreaks, many cases of
dengue in Africa are more frequently reported among
travelers than among the local population, which suggests
lack of awareness, diagnostic facilities, and surveillance. In
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addition, travelers with febrile illness are frequently given
a misdiagnosis of malaria; a rate of misdiagnosis as high
as 77% has been reported (20). Of 27 countries in Africa
where travelers/expatriates acquired dengue, only 15 have
reported local disease transmission (Table). Therefore,
travel-acquired dengue appears to serve as a proxy for
identifying the underrecognition of dengue in Africa.

Factors Potentially Affecting Sustained
Transmission of DENV in Africa

Vector Ef ciency

Aedes aegypti mosquitoes, the principal DENV vector,
originated in Africa and spread to other countries in Africa
and other tropical countries in the 17th and 18th centuries
(1,3). Several other Aedes species mosquitoes, including
Ae. albopictus, Ae. africanus, and Ae. luteocephalus, are
found in Africa and are potential DENV vectors.

Urbanization is a major factor in facilitating the increase
of Aedes spp. mosquito populations (1). Accumulation of
nonbiodegradable, human-made containers in and around
living areas has provided the aquatic environment required
by these mosquitoes (25). Since the 1950s, a 3-fold increase
in urban human population density has occurred in Africa;
larger increases have occurred in Asia and the Americas (4).
With these demographic changes and subsequent increases
in Aedes spp. populations, increased DENV transmission
is likely to occur in Africa. For example, in Ghana, Aedes
spp. mosquito densities and biting rates seem sufficient to
result in outbreaks of yellow fever and dengue (26).

Susceptibility of different strains of Aedes
spp. mosquitoes to DENV has been shown to vary
geographically, and this variability may have implications
for DENV transmission and the epidemiology of the disease
in Africa. Mosquito strains in Africa have shown uniformly
low susceptibility to all 4 DENV serotypes in laboratory
settings (27-29). In addition, it has been well documented
that there are different susceptibilities of the vector to
different DENV genotypes; Ae. aegypti mosquitoes tend
to be more susceptible to infection with DENV-2 of the
Southeast Asian genotype than to the American genotype
(30). Similar findings have been described for yellow
fever virus, and the reduced vector competence of strains
of Ae. aegypti mosquitoes from Asia has been suggested
as an explanation for the absence of this disease in Asia
(2,31). Reduced vector competence for DENV infection
in Africa may be an explanation for some of the apparent
low prevalence of DENV infection in Africa, although this
explanation must be confirmed in appropriate studies.

Ae. albopictus mosquitoes are also potential
DENV vectors in Africa where they are considered
more anthropophilic than Ae. aegypti mosquitoes, more
susceptible to DENV infection, and are responsible for some
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dengue outbreaks in Africa (29,32-33). However, similar to
studies with Ae. aegypti mosquitoes, experimental studies
with Ae. albopictus mosquitoes have demonstrated that
geographic variations in susceptibility to DENV infection
occur among different species (28,29). Furthermore, Ae.
albopictus mosquitoes are believed to be less efficient as
an epidemic vector largely because of their differences in
host preferences and reduced vector competence, which
decreases the probability of sustained disease transmission
(34). Thus, appropriate ecologic studies are needed in
Africa to determine the relative roles of each species in
transmission of DENV.

Virus Infectivity

Dengue is caused by 4 genetically related but
antigenically different viruses, and although it is uncertain
where DENV evolved, maintenance of all 4 serotypes in
enzootic cycles in Africa suggests that a progenitor virus
most likely originated in Africa (1). Despite the apparent
origin of DENV in Africa hundreds of years ago, the
more recent reported outbreaks appear to be the result of
virus introductions from Southeast Asia or the western
Pacific region and not the result of spillover from forest
transmission cycles. (25).

Vasilakis et al. reported that the rate of evolutionary
change and pattern of natural selection are similar among
endemic and sylvatic DENVss and suggested possible future
reemergence of DENV from the sylvatic cycle (35). Recent
experimental evidence suggests that emergence of endemic
DENV-2 from sylvatic progenitors may not have required
adaptation to replicate efficiently in humans, implying that
sylvatic DENV-2 may reemerge (35). Existence of a silent
zoonotic transmission cycle affords a potential mechanism
for emergence of dengue in human populations and for
selection of virus variants with altered host range and
vector relationships (25).

Host Susceptibility

Host genetic factors influencing pathogenesis
have been suggested to account for some variability in
susceptibility of DENV infection and disease expression
among different races. Halstead et al. provided evidence
of a dengue resistance gene in the black population (36).
During the 1981 and 1997 dengue epidemics in Cuba,
blacks were hospitalized with DHF/dengue shock syndrome
at lower rates than whites (37). This potential decreased
susceptibility to severe disease among the black population
and similar observations in Haiti have been used to support
the hypothesis that specific genomic difference among
different racial groups is a risk factor for DHF (36,38). This
hypothesis may provide an explanation for the observation
that, to our knowledge, outbreaks of DHF/dengue shock
syndrome have not been reported in Africa.
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Other prevailing diseases in Africa could provide
another hypothesis to explain the apparently low incidence
of dengue. Malaria, tuberculosis, and HIV infections are
endemic to many parts of Africa. Prevailing socioeconomic
and environmental factors may make populations in Africa
more vulnerable to these diseases than to dengue. Monath
(31) and Gubler (2) hypothesized that immunologic cross-
protection from heterotypic antibodies to other flavivirus
infections (DENV and Japanese encephalitis virus) could
explain the absence of yellow fever virus in Asia. A similar
argument could be made to explain the low rate of DENV
infection caused by cross-protection from other endemic
flaviviruses in Africa, but the extent to which it may exist
is unknown.

Conclusions

Dengue is a highly underrecognized and underreported
disease even in areas of the world where there is a high
level of public health and clinical awareness and diagnostic
capacity. In Africa, most febrile illness is not assessed
by laboratory diagnostics and is assumed to be malaria.
Sustained, systematic surveillance for dengue-like illness
combined with laboratory diagnostics and education of
health care providers has been the source of the information
about the public health role of dengue in Asia and the
Americas. This surveillance is needed in Africa to determine
the epidemiology and public health role of dengue.

The 2004 WHO Global Epidemiology of Infectious
Diseases Study estimated that 2.4% of global DHF cases
occurred in Africa and that 20% of the population in
Africa was at risk for dengue (39). However, because these
estimates were only for DHF and not dengue fever (DF),
a conservative approach to estimate DF in Africa would be
to apply the expected DHF to DF ratio of 1% to 5% to this
WHO study estimate. Thus, 0.2—1.0 million cases of DF
could be expected to occur in Africa on the basis of WHO
estimates of 10,000 cases of DHF in Africa, although no
DHEF outbreaks have been reported.

Although there is some uncertainty about estimates
of cases provided by various sources, these estimates
provide a strong argument that DENV transmission is
present in Africa but likely underreported. Reported
outbreaks and dengue acquired by travelers to Africa from
regions to which dengue is not endemic indicate that local
transmission of DENV occurs in Africa. Furthermore, the
apparent increase of dengue in the region is the result of an
increase in the disease, consequence of improved disease
reporting, or both. Nevertheless, the epidemiology of
DENV transmission and the incidence of dengue in Africa
are poorly defined.

Dengue is usually not among the differential diagnoses
of acute febrile illness in Africa. Reasons for this lack of
inclusion are as follows: 1) malaria is the most prominent
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endemic febrile illness in Africa and does not require
complex clinical and laboratory diagnostic facilities; 2)
a low awareness of dengue may contribute to health care
workers not considering the disease; 3) dengue is not a
reportable disease in most countries in Africa; 4) dengue
surveillance and diagnostics are not widely and consistently
available throughout Africa; and 5) funding for surveillance
and other research activities pertaining to dengue in Africa
are limited (8,9). For these reasons, improved surveillance
and laboratory diagnosis of fevers in Africa is a priority
and first step in assessing the incidence of dengue in Africa.

Whether populations in Africa are susceptible to
DENYV infection and disease at rates comparable with
those in populations in Asia or the Americas and the true
incidence of dengue in these countries cannot be determined
from data obtained from occasional reports of disease
outbreaks. Given that safe and effective dengue vaccines
should become available within the next decade (40),
questions regarding dengue incidence and epidemiology in
Africa must be answered by using appropriately designed
surveillance studies. Studies to determine the extent of
DENYV infection among persons of all ages with febrile
illness could be included in other studies (e.g., malaria)
being conducted in the region and would provide answers
to speculation about dengue in Africa that has existed for
many years.
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Seroprevalence of Trichodysplasia
Spinulosa-associated Polyomavirus

Els van der Meijden, Siamaque Kazem, Manda M. Burgers, Rene Janssens,
Jan Nico Bouwes Bavinck, Hester de Melker, and Mariet C.W. Feltkamp

We identified a new polyomavirus in skin lesions
from a patient with trichodysplasia spinulosa (TS). Apart
from TS being an extremely rare disease, little is known
of its epidemiology. On the basis of knowledge regarding
other polyomaviruses, we anticipated that infections
with trichodysplasia spinulosa—associated polyomavirus
(TSV) occur frequently and become symptomatic only
in immunocompromised patients. To investigate this
hypothesis, we developed and used a Luminex-based TSV
viral protein 1 immunoassay, excluded cross-reactivity
with phylogenetically related Merkel cell polyomavirus,
and measured TSV seroreactivity. Highest reactivity
was found in a TS patient. In 528 healthy persons in
the Netherlands, a wide range of seroreactivities was
measured and resulted in an overall TSV seroprevalence
of 70% (range 10% in small children to 80% in adults).
In 80 renal transplant patients, seroprevalence was 89%.
Infection with the new TSV polyomavirus is common and
occurs primarily at a young age.

Trichodysplasia spinulosa (TS) is a rare disease of the
skin seen in solid organ transplant patients receiving
immunosuppressive therapy (1-5) and in lymphocytic
leukemia patients (4,6-8). A total of 15 TS cases have
been described, of which 3 were identified in 2010 (9-11).
The disease is characterized by development of follicular
papules and keratin spines (spicules) predominantly in the
face, often accompanied by alopecia of the eyebrows and
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eyelashes. Histologically, TS is characterized by abnormal
maturation and marked distention of hair follicles. The
inner root sheath cells are highly proliferative and contain
excessive amount of trichohyalin (1). Transmission
electron microscopy showed virus particles 4045 nm in
diameter within these cells (1,4,6).

In plucked spicules of a TS patient, we recently
identified a new human polyomavirus virus known as
TS-associated polyomavirus (TSV) (9). This finding has
been recently confirmed by Matthews et al. (12). Recent
analyses by our group have shown high copy numbers
of TSV in lesions from other TS patients (S. Kazem and
M.C.W. Feltkamp, unpub. data), underscoring the concept
that TSV is the causative infectious agent. Phylogenetic
analysis showed that TSV forms a tight cluster with a
Bornean orangutan polyomavirus and among human
polyomaviruses is most closely related to Merkel cell
polyomavirus (MCV; also known as MCPyV) (9).

Eight human polyomaviruses have been identified:
BKV (13), JCV (14), KIV (15), WUV (16), MCPyV
(17), human polyomavirus type 6 (HPyV6) and type 7
(HPyV7) (18), and TSV (9). Infections with BKV and
JCV are common and occur primarily in childhood without
symptoms, after which the person remains persistently
infected. Reactivation occurs only in immunocompromised
patients and can cause serious disease, such as BKV-
associated nephropathy and progressive multifocal
leukoencephalopathy, and probably TS.

In immunocompetent populations, high seroprevalence
values of 82%-98% for BKV (19-22) and 39%-77%
for JCV (19-22) have been reported. For KIV and WUV
identified in airway specimens, calculated seroprevalences
are high in the general population (55%—90% and 69%—
98%, respectively) (20,21,23,24). For MCPyV, which is
present in =80% of rare but aggressive cutaneous Merkel
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cell carcinomas (MCCs) (17,25-27), seroprevalence among
healthy persons was shown to be 42%—77% (20,21,28,29).
A recent study reported higher serologic responses in MCC
patients than in healthy controls (30).

Seroepidemiologic data for BKV, JCV, and MCPyV
indicate that human polyomavirus infections are ubiquitous
and generally occur without apparent disease. TSV seems
to fit this profile, but no seroepidemiologic data to confirm
this hypothesis are available. We report development and
performance of a multiplex immunoassay to measure
seroreactivity against TSV in  immunocompetent
persons, immunosuppressed persons, and a TS patient.
Seroprevalences of TSV infection were calculated for
persons of different ages and immune status. We show that
TSV is a common infection in the general population and
in immunocompromised patients, and discuss the relevance
of our findings with respect to TSV-induced disease.

Materials and Methods

Generation of pGEX-TSV VP1 Expression
Plasmid and GST-VP1 Fusion Protein Expression

To express TSV viral protein 1 (VP1) as a glutathione-
S-transferase (GST) fusion protein, we created a pGEX4t3-
TSV VPl.tag plasmid. For cloning of TSV VPI, sense
(5'-GGATCCGGATCCGCCCCCAAAAGAAAAGG-3')
and antisense (5'-GTCGACGTCGACATAAAGCCGGGC
GGGGAAG-3') primers (BamHI and Sall restriction sites
are underlined) were generated (Eurogentec, Cologne,
Germany). Using these primers, we performed a PCR on
the pUCI19-TSV plasmid (9). A 2-step AmpliTaq gold
PCR program was performed as described (9). TOPO TA
cloning (Invitrogen, Carlsbad, CA, USA) of the amplified
PCR product resulted in a construct used for cloning TSV
VP1 into the pGEX4t3-BKV VPl.tag plasmid (18) after
removal of the BKV VPI1 sequence. The pGEX4t3-TSV
VP1.tag construct was verified by sequencing using the
BigDye Terminator Kit (Applied Biosystems, Foster City,
CA, USA) and analyzed on an ABI Prism 3130 Genetic
Analyzer (Applied Biosystems).

We sequenced VP1 from MCYV isolate 344 and
verified amino acid residues aspartic acid (D) and
arginine (R) at positions 288 and 316 as found in MCV
isolates 339 and 162. These residues are likely involved
in proper folding of the VP1 for conformation-dependent
epitope recognition (21). A pGEX4t3-tag plasmid was
included to express tagged GST alone, which is necessary
for serologic background determinations. In every
construct, the tag sequence included codes for the 11-
aa KPPTPPPEPET epitope of simian virus 40 (SV40)
large T-antigen (31,32). GST and GST-fusion proteins of
TSV, BKV, and MCPyV VP1 were expressed in the B121
Rosetta Escherichia coli strain as described (21,31-33).
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Figure 1. Reproducibility of trichodysplasia spinulosa—polyomavirus
(TSV) viral protein 1 (VP1) immunoassay. Seroreactivity against
TSV VP1 in 80 renal transplant patients, the Netherlands, was
analyzed twice by using the Bio-Plex 100 analyzer (Bio-Rad
Laboratories, Hercules, CA, USA). Datasets 1 and 2 were obtained
during a 3-month interval by using freshly coupled identical
glutathione—casein bead sets coupled independently with the
same crude TSV VP1 bacterial extract. Each circle represents 1
serum sample, and the line represents results of linear regression
analyses. Correlation coefficient (r?) was determined by using
GraphPad Prism software (GraphPad Software Inc., La Jolla, CA,
USA). MFI, median fluorescent intensity.

Expression of the GST-fusion proteins was analyzed by
using Western blotting.

Samples

A total of 528 serum samples from a population-
based serum bank of healthy persons from the Province
of Utrecht in the Netherlands were analyzed. This serum
bank was set up in 1994 as a pilot study, the prePienter
study, for a nationwide serum bank that would be used to
evaluate long-term seroepidemiologic changes of diseases
included in the Dutch National Immunization Program
(34) (M.A. Conyn van Spaendonk et al., pilot study for
Pienter project, logistical evaluation (part 1), RIVM-report
no. 213675001/1995). Approval of the prePienter study
was obtained from the Medical Ethical Committee of the
Dutch Organization for Applied Scientific Research (TNO)
(Leiden, the Netherlands), and every participant provided
written informed consent. The age distribution within the
population was <1-9 years, n = 79; 10-19 years, n = 66;
20-29 years, n = 51; 30-39 years, n = 64; 40-49 years, n
=76; 50-59 years, n = 54; 60—69 years, n = 79; and 70-79
years, n = 56.

We also tested 80 serum samples obtained in 1995
from immunocompromised renal transplant patients who

Emerging Infectious Diseases *« www.cdc.gov/eid « Vol. 17, No. 8, August 2011



came to a specialized dermatologic outpatient clinic at
Leiden University Medical Center. These samples were
obtained after informed oral consent was obtained from
the patients, which was documented in patient files. The
Medical Ethics Committee of Leiden University Medical
Center reviewed and approved this study. The average age
of the patients was 45 years (range 26—64 years).

A serum sample was also obtained from a 16-year-old
immunocompromised heart transplant patient with TS. A
detailed description of this patient was reported by van der
Meijden et al. (9). The TS patient and his mother provided
oral informed consent for the patient to provide serum for
detection of antibodies against TSV, which was recorded in
the patient’s medical file. The Medical Ethics Committee of
the Leiden University Medical Center declared in writing
that no formal ethical approval was needed to analyze this
sample for viral diagnosis.

Multiplex Serologic Analysis

Samples were analyzed for polyomavirus seroreactivity
by using the multiplex antibody-binding assay developed
and described by Waterboer et al. (33). Briefly, glutathione—
casein (GC) coupled Bio-Plex polystyrene beads (Bio-Rad
Laboratories, Hercules, CA, USA) containing a combination
of fluorescent dyes were coupled to either GST-TSV VP1.
tag, GST-BKV VP1.tag, GST-MCV VPl .tag, or GST.tag.
For each antigen, 3,000 GC-coupled beads per sample were
loaded with crude bacterial lysates containing relevant GST
fusion protein. Samples were preincubated with GST.tag
containing bacterial crude lysates (2 mg/mL) in blocking
buffer to reduce nonspecific GST binding. For cross-
reactivity studies, samples were preincubated with GST-
TSV VPl.tag, GST-MCV VPl.tag, or GST-BKV VPI.
tag. After preincubation, antigen-coated bead mixtures
were incubated with samples diluted 1:100. For detection
of bound serum antibodies, beads were incubated with
goat anti-human total immunoglobulin G—biotin (1:1,000
dilution; Jackson ImmunoResearch Laboratories Inc., West
Grove, PA, USA), streptavidin R—phycoerythrin (1:1,000
dilution; Invitrogen), and washed. Beads were analyzed in
a Bio-Plex 100 analyzer (Bio-Rad Laboratories). Results
are presented as median fluorescent intensity (MFI) units.
For each sample, antigen-specific binding was obtained by
subtracting the MFI for beads coated with GST alone from
those of beads coated with GST VP1.

Results

Development of the TSV VP1 Immunoassay

To measure seroreactivity against TSV, an immuno-
assay was developed with TSV VP1 antigen expressed as a
GST-fusion protein in E. coli. The TSV VP1 immunoassay
was developed according to the Luminex-based assay

Emerging Infectious Diseases « www.cdc.gov/eid « Vol. 17, No. 8, August 2011
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Figure 2. Cross-reactivity between trichodysplasia spinulosa—
polyomavirus (TSV), Merkel cell polyomavirus (MCV), and
BKV polyomavirus viral protein 1 (VP1). Correlation between
seroreactivity against TSV VP1 and MCV VP1 (A) and BKV
VP1 (B) was analyzed by using Bio-Plex 100 analyzer (Bio-Rad
Laboratories, Hercules, CA, USA) with 30 serum samples from
renal transplant patients, the Netherlands. Each circle represents 1
serum sample, and the line represents results of linear regression
analyses. Correlation coefficients (r?) were determined by using
GraphPad Prism software (GraphPad Software Inc., La Jolla, CA,
USA). MFI, median fluorescent intensity.

described by Waterboer etal. for simultaneous measurement
of seroresponses against different human papillomavirus
types (33). We first analyzed the reproducibility of the
new assay with 80 serum samples from renal transplant
patients. These samples were tested 3 months apart by
using GC-coated beads coupled independently to the same
crude TSV VP1 bacterial extract. This comparison showed
reproducible results with a correlation coefficient of
r? 0.89 (Figure 1).
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Figure 3. Cross-competition between trichodysplasia spinulosa—associated polyomavirus (TSV) and Merkel cell polyomavirus (MCV)
viral protein 1 (VP1) in serial dilutions of serum samples RTR 108 and RTR 128 from renal transplant recipient patients reactive against
TSV VP1 and MCV VP1, the Netherlands. Reactivity was determined by using the VP1 multiplex antibody-binding assay. Samples were
preincubated with soluble recombinant glutathione-S-transferase (GST) (black line), GST-MCV VP1 (red line), or GST-TSV VP1 (blue
line). Values are median fluorescent intensity (MFI) for seroreactivity against TSV VP1 (A and B) or MCV VP1 (C and D).

Although not expected on the basis of amino acid
sequence comparison (RefSeq TSV NC 014361 and
MCV: NC 010277) for a randomly selected subset of 30
renal transplant serum samples, we investigated a possible
association between seroreactivity against VP1 of TSV
and that of MCPyV because MCPyV is phylogenetically
the closest related human polyomavirus to TSV (9). No
association between TSV and MCPyV VP1 seroresponses
was observed (r* 0.036; Figure 2, panel A). Similar
findings were obtained when TSV VP1 seroresponses were
compared with those against the more distantly related
BKYV VPI (r? 0.065; Figure 2, panel B).

We also evaluated potential cross-reactivity between
TSV VPI and MCPyV VP1 in detail for 2 TSV- and
MCPyV-reactive serum samples. These samples were
titrated and preincubated with soluble GST, GST-TSV VPI,
or GST-MCV VP1. Subsequently, TSV VP1 and MCPyV
VP1 seroresponses were measured. In both samples tested,
TSV VPI1 reactivity was inhibited by preincubation with
TSV VP1 only and not with MCPyV VP1, whereas MCPyV
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VP1 reactivity could be inhibited by preincubation with
MCPyV VP1 only (Figure 3). Similar results were obtained
ina TSV VP1 and BKV VPI1 competition experiment with
TSV-reactive and BKV-reactive samples (Figure 4).

TSV VP1 Seroresponse in a TS Patient

TSV seroreactivity was determined in a TS patient
previously reported (9). A serum sample was obtained 6
months after detection of TSV and daily facial treatment
with cidofovir-containing cream had started. At the time
the sample was obtained, treated lesions had resolved but
untreated skin (e.g., of the legs) still had typical spicules
indicative of active TSV infection.

Serial dilutions of the TS serum sample were tested by
using the TSV VP1 assay. High reactivities were observed
(Figure 5, panel A). This response could be exceeded by
using soluble GST-TSV VPI but not with GST-BKV
VP1. Conversely, the BKV seroresponse observed in this
patient was exceeded only by using soluble recombinant
GST-BKYV VP1 and not by using GST-TSV VP1 (Figure 5,
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Figure 4. Cross-competition between trichodysplasia spinulosa—associated polyomavirus (TSV) and BKV polyomavirus viral protein 1
(VP1) in serial dilutions of serum samples RTR 141 and RTR 329 from renal transplant recipient patients reactive against TSV VP1 and
BKV VP1, the Netherlands. Reactivity was determined by using the VP1 multiplex antibody-binding assay. Samples were preincubated
with soluble recombinant glutathione-S-transferase (GST) (black line), GST-BKV VP1 (red line), or GST-TSV VP1 (blue line). Values are
median fluorescent intensity (MFI) for seroreactivity against TSV VP1 (A and B) or BKV VP1 (C and D).

panel B). No seroresponse against MCV VP1 was detected
for this patient.

TSV Seroresponses in Healthy and
Immunocompromised Populations

TSV VPI1 seroreactivity was determined for 528
healthy persons and 80 immunosuppressed renal transplant
patients. BKV VP1 was included in the analyses as a positive
control because of the known high BKV seroprevalence
in the general population (19-21). In every experiment, a
panel of 3 reference serum pools was also included, which
showed little variance over time. Results for TSV VP1 and
BKYV VP1 are shown in Figure 6.

To investigate age-specific TSV seroreactivity and to
calculate a cutoff value to determine TSV seropositivity,
we subdivided the healthy population into different age
groups (Figure 7, panel A). For persons <1-9 years of
age, a clear distinction could be made between patients
who were seronegative for TSV (MFI =0) and children
with TSV seroreactivities of 4,000-12,000 MFI units. To
calculate TSV seropositivity, a cutoff value of 877 MFI

Emerging Infectious Diseases « www.cdc.gov/eid « Vol. 17, No. 8, August 2011

units was calculated on the basis of mean seroreactivity
of the TSV serononresponders from the lowest age group
+ 3 SD. Although the distinction between seronegative
persons and seropositive persons in the first age group
was less clear for BKV (Figure 7, panel B), a similar
strategy was used for BKV and resulted in a cutoff value
of 1,051 MFI units.

TSV Seroprevalence in Healthy and
Immunocompromised Populations

Using the calculated cutoff values, we determined the
age-specific seroprevalence for TSV in each age group
of the immunocompetent population. In the children <10
years of age, the seroprevalence for TSV was 41% (Figure
7, panel C). This percentage increased to ~75% at 30
years of age, and remained stable for higher age groups.
BKYV seroprevalences were calculated and showed values
between 75% and 97% (Figure 7, panel C). Analyses of the
youngest age group showed an increasing trend for TSV
and BKYV seropositivity starting at 10% for TSV in children
1-2 years of age (Figure 7, panel D).
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Figure 5. Seroresponses against trichodysplasia spinulosa—
associated polyomavirus (TSV) (A) and BKV polyomavirus (B) for
a patient with trichodysplasia spinulosa, the Netherlands. Serial
dilutions of serum from a TS patient were tested for reactivity
against TSV viral protein 1 (VP1) or BKV VP1 by using the VP1
multiplex antibody-binding assay. Samples were preincubated with
soluble recombinant glutathione-S-transferase (GST) (black line),
GST-BKV VP1 (red line), or GST-TSV VP1 (blue line). MFI, median
fluorescent intensity.

Onthebasisofthesecalculations,overallseroprevalence
for TSV VP1 was 70% for the healthy population and 89%
for the immunocompromised population (Figure 6, panel
A). For BKV VPI, the overall seroprevalence for both
groups was somewhat higher (85% and 99%, respectively)
(Figure 6, panel B).

Discussion

To investigate the seroepidemiologic aspects of
TSV infection, we developed a multiplex immunoassay.
This approach was based on Luminex technology and
shown to be a reliable method for seroepidemiologic
studies of papillomavirus and polyomavirus infections
(19,21,33,35,36). The choice for VP1 as antigen of interest
was governed by results of studies on BKV, JCV, and SV40
polyomavirus, which showed that the major capsid protein
is immunodominant (19). However, the less immunogenic
large T-antigen may also be useful in discriminating active
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Figure 6. Seroresponses to trichodysplasia spinulosa—associated
polyomavirus (TSV) and BKV polyomavirus in healthy and
immunocompromised populations, the Netherlands. Serum
samples were obtained from 528 healthy persons (PrePIENTER)
and 80 renal transplant recipients (RTR) and screened for reactivity
against TSV viral protein 1 (VP1) (A) and BKV VP1 (B) by using
the VP1 multiplex antibody-binding assay. Each circle represents
1 sample, and horizontal lines represent cutoff values. Percentage
values indicate seropositivity. MFI, median fluorescent intensity.
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Figure 7. Age-related seroprevalence of trichodysplasia spinulosa—associated polyomavirus (TSV) viral protein 1 (VP1) (A) and BKV
polyomavirus VP1 (B) in a healthy population, the Netherlands. The population was divided into 8 age groups: <1-9 years of age (n =
79), 10-19 (n = 66), 20-29 (n = 51), 30-39 (n = 64), 40-49 (n = 76), 50-59 (n = 54), 60-69 (n = 79), and 70-79 (n = 56). Each circle
represents 1 serum sample, and the horizontal lines represent cutoff values. MFI, median fluorescent intensity. C) Seroprevalence of TSV
VP1 (white bars) and BKV VP1 (gray bars), by age. D) Seroprevalence of TSV VP1 and BKV VP1 in youngest age group. Population was
divided into 5 smaller age groups: 1-2 years of age (n = 10); 3—4 (n = 18); 5-6 (n = 22); 7-8 (n = 17); 9-10 (n = 16). Error bars indicate

95% confidence intervals.

TSV infections from latent infections because it has been
reported that antibodies against MCPyV T antigens reflect
the tumor incidence for MCC patients (37).

The TSV VPl immunoassay was reproducible and
showed minimal signs of TSV cross-reactivity with
MCPyV. Cross-reactivity studies have shown correlations
between serorecognition of SV40 and BKV only, and to
a lesser extend between SV40 and JCV (20,38,39), all of
which are more closely related than TSV and MCPyV
(9). Detailed comparison of antigenic VP1 loop regions of
TSV, MCPyV, and BKYV, as performed for KIV, WUV,
MCPyV, and lymphotropic polyomavirus by Kean et al.
(20), also showed little similarity. On the basis of the
new polyomavirus phylogenetic tree that was recently
published (9), only cross-reactivity between TSV and the
closely related Bornean orangutan polyomavirus 1 might
have been expected. However, this animal virus was not
included in this human study.

Emerging Infectious Diseases « www.cdc.gov/eid « Vol. 17, No. 8, August 2011

Seroreactivity of the symptomatic TS patient was the
highest of all participants in the study. Even at a dilution
of 1:100,000, some reactivity above background was
detected, which indicates a high concentration of TSV-
specific antibodies in this patient. This interpretation was
also suggested by the observation that at the highest serum
concentration, competition with soluble GST-TSV VP1 did
not result in complete inhibition of TSV seroreactivity. This
finding might be unexpected because immunosuppressed
patients are often considered less immunoreactive.
However, the immunosuppressive regimens are aimed
to decrease cellular immunity to prevent donor organ
rejection. It is anticipated that polyomavirus-specific
cellular immunity will be decreased by such a regimen,
which would increase the pool of infected cells and produce
larger amounts of virus, even viremia. As a result, memory
B cells may become activated and production of TSV-
specific antibodies will increase accordingly.

1361



RESEARCH

The seroprevalence we calculated for TSV among the
healthy population was high and comparable with that found
for other human polyomaviruses (20-24,28,29). Therefore,
TSV seems to be a ubiquitous virus that frequently causes
infection in the general human population. A total of 41%
of the children <1-9 years of age were seroreactive to TSV
and therefore likely infected. Whether TSV infections
persist is not known, but this persistence is likely on the
basis of results for other polyomavirus infections.

The calculated overall TSV seroprevalence was
higher for the immunocompromised group than for healthy
persons. When age was taken into account, we observed that
the difference in TSV prevalence between both populations
was of borderline significance (p = 0.03). As discussed for
the TS patient, this seemingly paradoxical phenomenon
might be explained by increased humoral immunity against
TSV as a result of increased viral activity under (cellular)
immunosuppression. Whether this hypothesis involves
TSV reactivations or reinfections is not known. However,
it is also not known whether overt TS reflects a fulminant
primary TSV infection or a symptomatic reactivation.

In conclusion, by wusing a newly developed
immunoassay, we were able to measure TSV seroreactivity
with high reproducibility and low cross-reactivity. We
calculated the seroprevalence of TSV in healthy persons
and provided evidence that TSV is a common circulating
virus in the general population in the Netherlands that
preferentially infects persons at an early age. Additional
studies will need to determine whether TSV infections
remain persistent in the host, as shown for other
polyomaviruses, and what triggers TSV reactivation. The
fact that symptomatic TS is such a rare condition suggests
that there are more factors involved in this condition than
immunosuppression alone.
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Human Polyomavirus Related to
African Green Monkey Lymphotropic
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While studying the virome of the skin surface of a patient
with a Merkel cell carcinoma (MCC) by using unbiased, high-
throughput sequencing, we identified a human polyomavirus
nearly identical to human polyomavirus 9, a virus recently
reported in blood and urine of renal transplantion patients
and closely related to the African green monkey lymphotropic
polyomavirus. Specific PCR analysis further identified this
virus in 2/8 patients with MCC but in only 1/111 controls
without MCC. This virus was shed for >20 months by the
MCC index patient and was on the skin of the spouse of the
index patient. These results provide information on the viral
ecology of human skin and raise new questions regarding
the pathology of virus-associated skin disorders.

Polyomaviridae is a family of nonenveloped viruses
with a circular double-stranded DNA genome. Natural
hosts for Polyomaviridae are primates, including humans
and monkeys, cattle, rabbits, rodents, and birds (1).
Currently, viruses in this family that infect humans are
the opportunistic JC polyomavirus (JCPyV) associated
with progressive multifocal leukoencephalopathy in
immunocompromised person; BK polyomavirus (BKPyV)
associated with interstitial nephritis and hemorrhagic
cystitis; KI polyomavirus (KIPyV) identified in respiratory
secretions of patients with respiratory symptoms at
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the Karolinska Institute (Stockholm, Sweden); WU
polyomavirus (WUPyV), isolated from patients with similar
symptoms at Washington University (St. Louis, MO,
USA); Merkel cell polyomavirus (MCPyV), associated
with the rare but aggressive Merkel cell carcinoma (MCC);
and trichodysplasia spinulosa—associated polyomavirus
(TSPyV), associated with a rare skin condition in
immunocompromised persons (2).

Two recently identified polyomaviruses, human
polyomaviruses 6 and 7 (HPyV6 and HPyV7) have been
detected in cutaneous swab specimens of healthy persons
(3). HPy V9 has been identified by consensus PCR in blood
and urine of asymptomatic renal transplant recipients (4).
In this study of the skin virome of a patient with MCC,
using high-throughput sequencing (HTS) and comparing
sequences from a patient with MCC with sequences from
healthy controls, we identified a human polyomavirus
strain nearly identical to HPyV9, a virus species closely
related to the lymphotropic polyomavirus (LPV).

Methods

Patients and Sample Collection

For analysis by HTS, 6 DNA samples extracted from
cutaneous swabs obtained from the skin surface of facial
areas (forehead and eyebrows) of patients previously
studied by PCR for MCPyV sequences were selected (5).
These samples included 1 from an index patient with an
MCC on his elbow and 5 from the skin of 5 healthy persons.

For investigation of prevalence by specific nested
PCR, 120 skin specimens were similarly obtained from 120
volunteers. The median age of these persons was 48 years
(range 19-96 years); 30 persons were 57-96 years of age
(median age 71 years). This group of 120 volunteers was
composed of 40 patients hospitalized or attending outpatient
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clinics at the dermatology unit at Montpellier University
Hospital for various skin disorders (including 8 patients
with MCC; median age 75 years, range 57-86 years), 20
immunocompromised patients without skin lesions (10
patients infected with HIV-1 without skin symptoms and
10 renal transplant recipients receiving immunosuppressive
regimens [steroids, mycophenolate mofetil, and calcineurin
inhibitors]), and 60 healthy controls.

Respiratory samples tested were composed of 46
bronchoalveolar lavage samples obtained from hospitalized
patients in intensive care units with acute respiratory failure
of unknown origin and 46 nasopharyngeal aspirates from
children in the pediatric emergency unit at Montpellier
University Hospital with various respiratory tract disorders.
An additional 92 fecal samples were obtained from children
hospitalized in the pediatric unit for gastroenteritis.

Extraction and Amplification of DNA

DNA from all samples was extracted as described (5).
For HTS, DNA was amplified by using a bacteriophage $29
polymerase-based rolling circle amplification assay and
random primers. The protocol of the QTAGEN REPLI-g
Midi Kit (QIAGEN, Courtaboeuf, France) was followed as
recommended by the manufacturer.

High-Throughput Sequencing

HTS was performed by using the Illumina HiSeq 2000
apparatus (Illumina Inc., San Diego, CA, USA) at GATC
Biotech AG (Konstanz, Germany). Five micrograms of high
molecular weight amplified DNA was divided into 200-350-
nt fragments to which adaptors were ligated. These adaptors
included a nucleotide tag that enabled multiplexing several
samples per lane or channel. Sequencing was conducted at a
mean depth per sample of 8.9 x 10° paired-end reads of 100
nt (range 7.6-10.3 x 10° reads).

Sequence Analysis

Sequences were first sorted by using a subtractive
database comparison procedure. Several assembly
programs dedicated to short or medium reads were used to
generate contigs: Velvet (www.ebi.ac.uk/~zerbino/velvet),
SOAPdenovo (http://soap.genomics.org.cn), and CLC
Genomics Workbench (www.clcbio.com) (J. Cheval et al.,
unpub. data). Comparison of single reads and contigs with
known genomic and taxonomic data was performed by
using dedicated specialized viral, bacterial, and generalist
databases created and maintained at the Institut Pasteur
(GenBank viral and bacterial databases). Aforementioned
databases were screened by using BLASTN and BLASTX
(http://blast.ncbi.nlm.nih.gov/Blast.cgi). We used
BLAST software (Paracel, Pasadena, CA, USA) capable
of executing searches on multiple nonshared memory
processors simultaneously.
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The entire sequence of the Institut Pasteur polyoma-
virus (IPPyV) strain genome was analyzed and anno-
tated by using CLC Genomics Workbench (CLC Bio,
Aarhus, Denmark). GenBank reference sequences of other
members of the family Polyomaviridae used were JCPyV
(NC _001699),BKPyV (NC 001538), KIPyV (NC 009238),
WuPyV (NC 009539), MCPyV (NC 010277), SV40
(NC _001669), TSPyV (NC 014361), and LPV (M30540).
Protein structures were visualized by using Pymol (Delano
Scientific LLC, San Francisco, CA, USA).

Phylogenetic Analysis

Phylogenetic reconstructions were based on separate
analyses of nucleotide sequences from viral protein 1
(VP1) and large T antigen (LT). A 974-nt region of
monkey B-lymphotropic papovavirus (reference sequence
M30540.1 from the VP1 coding sequence) was aligned
with corresponding regions from the polyomaviruses
available in GenBank. For the LT matrix, a 1,453-nt
region (same reference sequence as for VP1) was used
for analysis. Sequences were aligned by using SeaView
version 4 (6) and the Muscle algorithm (7). Only partial
but contiguous parts of each alignment were included in
final matrixes because alignment in some regions was not
possible. The 742—-1715 and 29044356 nt regions were
included in matrixes. The matrixes were based on monkey
B-lymphotropic papovavirus M30540 and African green
monkey polyomavirus NC 004763 sequence annotations
for VP1 and LT genes, respectively.

Phylogenetic analyses were performed by using a
probabilistic (Bayesian) approach implemented in BEAST
(8). Matrixes were tested against 88 substitution models
by using jModelTest software (9). On the basis of results
obtained with jModelTest software, the generalized
time reversible substitution model (with invariant sites
and a gamma site heterogeneity distribution) was used
for analysis. The 3-codon partition model of evolution
and the Yule speciation process were also specified as
priors. A Markov chain Monte Carlo method was used
to set 30,000,000 states to obtain an adequate posterior
effective sample size >300. Pertinence of nodes was
evaluated by using posterior probabilities. Sequences used
in phylogenetic reconstructions were obtained from the
National Center for Biotechnology Information (NCBI)
database (www.ncbi.nlm.nih.gov/nucleotide). Confidence
intervals for proportions were calculated according to
the efficient-score method (corrected for continuity) (10)
(http://dogsbody.psych.mun.ca/VassarStats).

PCR

For sequencing the IPPyV by the Sanger method, 9
primer pairs were designed to amplify the entire genome
by reference to the contigs assembled from HTS data
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acquired in the first phase (see Results). Primer sequences
and protocols are available upon request. After the genome
was sequenced, we developed a specific nested PCR for
detection of IPPyV in samples by using primers based
on the IPPyV genome sequence and designed by using
PrimerPro 3.4 software (www.changbioscience.com):
VP1 354F (5'-ACCATATCAGTAGGATAGGTA-3") and
VP1 354R (5'-TGAATTGTATGGCTACAGTGC-3") for
the outer PCR, and VPl 198F (5'-CACTGGGA
TAGTTCCTGAGG-3') and VPI 198R (5'-CCTA
ATGCTACTACCCTCCCT-3') for the inner PCR. These
primers were designed to avoid amplification of other
known human polyomaviruses.

Ethical Approval

The study was reviewed and approved by the Institut
Pasteur Comité de Recherche Clinique and the French
Commission Nationale Informatique et Libertés (09.465).
Consent was provided by participants for obtaining human
samples according to French regulations.

Results

Identification of the IPPyV Strain of HPyV9

Using 8,052,770 Illumina reads obtained from DNA
extracted from the skin surface of the MCC index patient,
we assembled the complete genome of MCPyV. We found
numerous papillomavirus contigs and contigs covering
more than half of the genomes of HPyV6 and HPyV7.
Additionally, 14 other contigs were assembled that showed
a better homology with LPV (NCBI accession no. M30540,
version M30540.1, GI:333282) than with any other virus
present at that time in the NCBI database, including other
human or animal members of the family Polyomaviridae.
On the basis of sequence of 8 of the 14 obtained contigs,
which were distributed along the LPV genome, we defined
a set of 9 primer pairs encompassing the entire target
genome. These primers enabled amplification of the entire
genome by PCR and analysis of its sequence of 5,028 nt
by using the Sanger method, which confirmed the circular
nature of the genome.

Whole genome organization of the IPPyV strain,
which exhibits general molecular characteristics of
polyomaviruses, is shown in Figure 1. It encodes analogs
of small T antigen, LT, and structural proteins VP1, VP2,
and VP3 and does not appear to encode an agnoprotein.
Pairwise amino acid identity was 100% between IPPyV
and HPyV9 proteins, 72%-80% between IPPyV and
LPV proteins, and much lower for other known family
Polyomaviridae members (Table). Because the nucleotide
sequence of IPPyV is nearly identical to that of HPyV9,
with a difference of only 2 nt in a noncoding region at nt
4449, it appears that IPPyV should be considered a strain of
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Figure 1. Genomic map of the circular genome of the Institut
Pasteur polyomavirus (IPPyV) strain of human polyomavirus 9.
Arrows indicate open reading frames. Small T, small T antigen; VP,
viral protein; Large T, large T antigen.

HPyVO. Its sequence have been was deposited in GenBank
(accession no. FR823284).

Phylogenetic Analysis

Reconstructions of VP1 and LT phylogenies on the
basis of nucleotide sequences clustered the mammalian
polyomaviruses and placed the species Avipolyomavirus
in basal position when rooting with the oldest known
Avipolyomavirus (Budgerigar fledging virus) (Figure 2).
Despite the divergences described below, VP1 and LT
of HPyV9 were closely related to those of the monkey
B-lymphotropic polyomavirus. Moreover, VP1 and LT
phylogenies consistently identify several monophyletic
groups among mammalian polyomaviruses (Figure 2).
Nevertheless, the incongruence of VP1 and LT signals
induce notable differences in the topology of these 2
phylogenies. For instance, LT of bovine polyomavirus
is closely related to one of the common ancestors of all
other mammalian polyomaviruses, whereas its VP1 is
closely related to VP1 of the sea lion polyomavirus.
Incongruence between VP1 and T phylogenies has been
observed for HPyV6 and HPyV7. Nomenclature described
in proposals of the International Committee on Taxonomy
of Viruses is shown in Figure 2, even though the species
Orthopolyomavirus is not monophyletic and therefore
should be considered cautiously.

Comparison of VP1 from LPV and HPyV9

We compared the secondary structure of VP1 from
LPV and HPyV9 because the external capsid protein
of Polyomaviridae is known to interact with the cell

Emerging Infectious Diseases *« www.cdc.gov/eid « Vol. 17, No. 8, August 2011



Human Polyomavirus Related to Monkey Polyomavirus

Table. Amino acid identity between putative proteins encoded by IPPyV and proteins of Polyomaviridae deduced by using pairwise

sequence alignment*

Putative open No. amino Amino acid identity, %
Protein reading frame Frame acids JCV BKV KIV WuV MCyV TSV  Sv40 LPV  HPyV9
VP1 1443-2558 +3 371 53.9 53.2 28.3 28.3 54.8 606 52.,9 871 100.0
VP2 503-1561 +2 352 32.3 32.6 23.8 20.8 26.1 43.5 33.1 749 100.0
VP3 860-1561 +2 233 34.1 35.9 245 20.3 151 41.3 33.7 72.5 100.0
ST antigen 5028-4459 -1 189 35.1 34.0 39.5 34.6 401 42.5 31.8 81.0 100.0
LT antigen 5028-4792, -1 680 40.4 41.2 442 42.0 39.9 49.3 40.0 80.5 100.0
4437-2632

*IPPyV, Institut Pasteur polyomavirus; JCV, JC polyomavirus; BKV, BK polyomavirus; KIV, KI polyomavirus; WUV, WU polyomavirus; MCyV, Merkel cell
polyomavirus; TSV, trichodysplasia spinulosa—associated polyomavirus; SV40, Simian virus 40; LPV, lymphotrophic polyomavirus; HPyV9, human
polyomavirus 9; VP, viral protein; ST antigen; small T antigen; LT antigen, large T antigen. Pairwise sequence alignment was performed by using
EMBOSS Needle Software (http://emboss.sourceforge.net/apps/release/5.0/emboss/apps/needle.html).

receptor and because antibodies cross-reacting with LPV ~ Detection of HPyV9 in Human Samples

VP1 have been detected in a large proportion of humans.
Overall amino acid identity was 87.1%. The VP1 monomer
consists of antiparallel B-strands folded into a jelly roll
B-barrel structure. Three outer loops (BC, DE, and HI)
are exposed outside the pentamer core and are most likely
recognized by antibodies. Using the crystal structure of
SV40 VPl (3BWQ), we mapped the amino acids that
differed between the 2 proteins. Polymorphic residues are
present in the 3 VP1 loops, and the BC and HI loops appear
more conserved than DE loop, which thus shows the major
differences (Figure 3).

NEC_004764 Budgerigar fledgling disease vinus 1 (Aves) Melopsittaces 1608
NC_007823 Finch polyornavinug {Aves) Pprhula 2005

NC_OD4B00 Goose hemonhagic polyamavinus (Aves) Anser 2005
NC_007E2Z Crow palyomavins (Awes) Corvus 2008

A

Avipolyomavinss

We first confirmed by specific nested PCR the
presence of HPyV9 in the skin swab specimen of the
index patient in which the virus had been identified by
HTS. We also identified this virus by nested PCR in a
second cutaneous sample from the same index patient
case obtained 20 months after the first sample. Because
HPyV9 was identified in a patient who had MCC, we
analyzed the skin surface of 7 other MCC patients.
HPyV9 was detected in 1 patient 80 years of age. The
overall prevalence in the MCC group was thus 2/8 (25%,
95% confidence interval 4.4%—64%; p = 0.05).

Figure 2. A) Viral protein 1 (VP1) and B) large
T antigen (LT) nucleotide-based phylogenetic
reconstructions of polyomaviruises inferred
by using aBayesian method. Taxa annotations

Wukipolyormavirus
‘ include reference number, name of the virus,
host taxonomic order (in parentheses), host
Orthapalyomavi .
o genus whenever available, and reported
) o collection date. Human viruses are indicated
NC_DIH442 Bovine polyormavirus [Artiodactyla) Bos 1680 X X . . i
NC_13796 Galforia sea on poiyorn ) Zalopturs 2010 in blue, and monkey viruses are indicated in
NC_005951 Squirrel monkey patyomavins ( 12007 . . .

NG._011310 Myotls polyomninis VM (Chiropters green. Red vertical bars highlight groups for
o oA which VP1 and LT signals are incongruent.
N 001515 Murie potyomins (Rodonts s 1976 Posterior probabilities are indicated at each
115001693 Hamsie polyomaris (Rodenta) Mosoericelus 1435 node. GenBank identification numbers are
indicated directly on trees for each sequence.
Scale bars indicate nucleotide substitutions

per site.
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Figure 3. Identification of viral protein 1 (VP1) residues differing

between human polyomavirus 9 (HPyV9) and lymphotropic
polyomavirus (LPV). The DE, HI, and BC loops that extend outward
from VP1 are indicated. The crystal structure of simian virus VP1,
derived from strain 3BWQ, was used as a template. The red region
in the center indicates part of a  strand, which is mostly hidden.
Residues differing between HPyV9 and LPV are indicated by pink
squares.

Because we were interested in possible interhuman
transmission of HPyV9, a skin swab specimen from the
wife of the first index patient was analyzed and found
to be positive for this virus. We sampled 111 skin swab
specimens from healthy persons or non-MCC patients
who had no known contact with MCC patients and
screened them with the same nested PCR. Only 1 healthy
30-year-old person had HPyV9, which demonstrated
low prevalence in this control group of 1/111 (0.9%,
95% confidence interval 0.05%-5.6%; p = 0.05). Age
range of the MCC population was 57-86 years (median
75 years), and because we were unable to detect HPyV9
among the 30 older controls (age range 57-96 years,
median 71 years), this finding suggests that the rate of
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detection in MCC samples was not biased by older ages
of these patients. None of the 92 respiratory and 92 stool
specimens was positive for HPyV9.

Discussion

There is much evidence indicating that healthy human
skin harbors numerous viruses. This finding has been
extensively reported for cutaneous human papillomavirus
(HPV), which is commonly present on the superficial layers
of the skin of most persons (11). The recent description of
new human viruses belonging to the family Polyomaviridae
suggests that some of these viruses share the cutancous
tropism of B-HPV and y-HPV. MCPyV associated with
MCC has also detected on the surface of healthy skin of
most persons (5,12), and HPyV6 and HPyV7 have been
identified on the surface of the skin of healthy persons
(13). Detection of an additional human polyomavirus in
cutaneous samples reinforces the perception of the skin as
a complex microecosystem colonized by many viruses, and
polyomaviruses represent part of this viral microbiota.

The existence in humans of a polyomavirus closely
related to LPV, whose natural host is the African
green monkey, has been anticipated (14). An African
green monkey polyomavirus, also known as monkey
B-lymphotropic papovavirus, or LPV, was isolated >30
years ago (15) from a lymphoblastoid cell line derived from
the African green monkey. The existence of a virus closely
related to LPV has been suspected for >30 years because
of cross-reacting antibodies in humans who had no known
contact with monkeys (14,16). PCR amplification of short
sequences matching those of LPV has been reported, but the
length and overlap of these sequences were insufficient for
characterizing this virus (13,17). The phylogenetic position
of HPyV9 we described makes it the sister group of LPV.
Moreover, we have shown that the sequence of this virus
makes it a good candidate to be the target of antibodies
found in humans.

The BC and HI loops of VPl appear conserved
between HPyV9 and LPV; the DE loop shows major
changes. Thus, human antibodies cross-reacting with LPV
may preferentially recognize the BC and HI loops, and
antibodies specific for the DE loop probably cross-react
only weakly with the LPV VP1. With the availability of
HPyV9-specific reagents, analysis of the specificity of
antibodies found in humans will provide useful information.

HPyVsare ubiquitous viruses that infect most ofa given
population, remain latent, and show frequent reactivations
that lead to asymptomatic shedding (1). The VPI and T
proteins of HPyV6, HPyV7, and several polyomaviruses
from wild animals show different pathways of evolution
(Figure 2). The close relationship between the HPyV6—
HPyV7 group and the WUPyV—-KIPyV group could result
from convergence caused by common host pressure on
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VP1 domains (involved in virus—host interactions) or from
horizontal gene transfer (recombination).

In immunocompromised persons, reactivation of
HPyV often results in specific diseases such as progressive
multifocal leukoencephalopathy caused by JCPyV and
tubular nephropathy and hemorrhagic cystitis caused by
BKPyV. Most newly identified HPyVs are also detected
frequently in healthy persons. In addition, most HPyVs
(KIPyV, WUPyV, HPyV6, and HPyV7) have not been
clearly associated with any human diseases; however,
MCPyV has been associated with MCC (18) and TSPyV
has been associated with a rare cutaneous disorder (2); both
occurred in immunocompromised patients.

HPyV9 was detected in skin of healthy persons who
did not have any obvious immunodeficiency and thus
might have asymptomatically shed HPyVs. However,
among the 3 persons in whom we detected HPyV9, 2/8 had
MCC in cutaneous samples, yielding an apparent higher
rate of detection (2/8) in this subset of patients, compared
with 1/111 in a control and heterogeneous population. This
difference in prevalence rate was not biased by age within
each group (0/30 had HPyV in the age-matched part of the
control group). Although this unexpected result should
be interpreted with caution, given the small number of
MCC samples and the retrospective nature of our analysis,
MCC patients might be prone to reactivation of HPyV9
shedding from their skin or HPyV9 might be involved in
the pathophysiology of MCC. We are currently exploring
expression of HPyV9 LT antigen in MCC and other cancer
tissues. Long-term carriage of HPyV9 for >20 months
observed in the index patient with MCC is consistent with
this hypothesis.

Chronic shedding of HPyV from skin is similar to
a well-known feature of cutaneous HPVs that replicate
in keratinocytes and are likely to be transmitted
environmentally or through person-to-person contact. In
our study, detection of HPyV9 in skin of the wife of the
index patient suggests a similar route of transmission.

It has been proposed that MCPyV and HPyV6 or
HPyV7 may infect superficial cells of the epidermis and
that production of virions may be, as for HPVs, linked to
differentiation of the epidermis (3). We cannot rule out a
similar scenario for HPyV9. However, because its closest
relative (LPV) has been described as a lymphotropic virus,
on the basis of its in vitro growth ability, the ability of
HPyV9 to infect lymphoid precursors and its putative role
in various lymphoproliferative disorders in humans are
worth coinvestigating.

HPyV9 was detected in cutaneous samples but not
in respiratory and fecal samples, and the rate of detection
appeared lower than that reported for MCPyV (19) or
HPyV6 and HPyV7 (3). The sampling site was chosen
because of methods useful for detection of HPyVs
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on the skin (3,12). Furthermore, we have observed a
specific pattern for MCPyV shedding because face swab
specimens yielded a higher rate of viral detection than
limb specimens (5). However, because shedding of HPyV
was not as extensively studied as that of HPVs, we cannot
rule out a similar pattern of excretion, which results
in underestimating detection of HPyV9 on face swab
specimens. The exact prevalence of HPyV9 should be
investigated by using serologic and PCR assays, notably
to investigate the relevance of published data suggesting
that =30% of humans have antibodies specific for an
LPV-like virus.

Because clinical manifestations associated with HPyV
infections dramatically increase in immuocompromised
patients, clinical manifestations caused by HPyV9, if
they exist, are also more likely to occur in these patients.
Furthermore, HPyV9 infection might not remain restricted
to the cutaneous area in immunocompromised patients, and
reactivation might lead to systemic dissemination and in
some cases clinical signs. This hypothesis is supported by
identification of HPyV9 in blood and urine of asymptomatic
renal transplant recipients (4). Further investigations will
be required to decipher the potential role of HPyV9 in
homeostatic and pathologic processes.
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Asymptomatic Primary Merkel Cell
Polyomavirus Infection
among Adults

Yanis L. Tolstov, Alycia Knauer, Jian Guo Chen, Thomas W. Kensler, Lawrence A. Kingsley,'
Patrick S. Moore," and Yuan Chang'

Merkel cell polyomavirus (MCV) is a recently discovered
virus that causes 80% of Merkel cell carcinomas. We
examined data for 564 gay/bisexual male participants
>18 years of age in the Multicenter AIDS Cohort Study in
Pittsburgh, Pennsylvania, USA, and found that 447 (79.3%)
were MCV-antibody positive at initial enrollment. Of the 117
MCV-seronegative men, 31 subsequently seroconverted
over a 4-year follow-up period, corresponding to a 6.6%
annual conversion rate. MCV immunoglobulin G levels
remained detectable up to 25 years after exposure. No
signs, symptoms, or routine diagnostic test results were
associated with MCV infection, and no correlation between
HIV infection or AIDS progression and MCV infection was
noted. An initial correlation between chronic hepatitis B
virus infection and MCV prevalence could not be confirmed
among MCV seroconverters or in studies of a second
hepatitis B virus—hyperendemic cohort from Qidong, China.
In adults, MCV is typically an asymptomatic, common, and
commensal viral infection that initiates rare cancers after
virus (rather than host cell) mutations.

Merkel cell carcinoma (MCC) is a rare but aggressive
skin cancer most commonly occurring among the
elderly and among immunosuppressed persons, including
AIDS patients (1-3). By using digital transcriptome
subtraction, Feng et al. recently discovered Merkel cell
polyomavirus (MCV) clonally integrated in the tumor cell
genome of ~80% of MCC (4). This association between
MCV and MCC has subsequently been confirmed by
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other investigators (5-8). MCV in MCC tumors possesses
specific mutations that disable virus replication (9), which
indicates that MCV is not a passenger virus and provides an
explanation for how a common infection can lead to a rare
tumor. MCV T antigen is specifically expressed in MCV-
positive MCC tumor cells (10). T-antigen knockdown
studies show that MCV T antigen is needed for the tumor
phenotype in MCV-positive tumor cells (11), and the extent
of tumors in the patient is correlated with levels of antibodies
to MCV T antigen (12), leaving little doubt that MCV is the
infectious cause for most but not all MCC tumors.

Serologic studies have been the primary tool to
investigate the prevalence of various polyomaviruses in
human populations (13-16). BK virus (BKV) and John
Cunningham virus (JCV), for example, are ubiquitous
human polyomavirus infections. Seroconversion for both
occurs largely in childhood, with BKV seroprevalence
reaching 75% among children >9 years of age and JCV
seroprevalence estimated at >23% among those >10 years
of age (17). The seroprevalence of Washington University
and Karolinska Institute polyomaviruses plateau at 56%
and 54%, respectively, for children 5-9 years of age (17).
Longitudinal studies measuring immunoglobulin (Ig) G
to BKV show stable levels throughout life with a slight
tendency to decline after age 40-50 years, while JCV
seropositivity tends to increase slowly from childhood into
late adulthood (13,14,17,18). A serologic study of adult
commercial blood donors that used human polyomavirus 6
and 7 virus-like particles showed that these viruses are also
widely established in the human population with 69% and
35% seroprevalence, respectively (19).

Despite numerous reports describing seroprevalence
for human polyomaviruses, less is known about

'"These authors contributed equally to this article.
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seroconversion or signs and symptoms of primary
polyomavirus infection (13,14,20). Two studies have
reported JCV and BKV seroconversion among adults
(13,20), but no data were presented describing signs
or symptoms associated with infection. Bohl et al.
demonstrated that antibody titers among kidney transplant
donors reflect the activity and transmissibility of BKV
infection (21,22). Randhawa et al. reported an inverse
correlation between serum anti-BKV IgG optical density
(OD) and peak urine viral load in kidney transplant
recipients, suggesting a possible protective role of serum
antibodies, which may impact the clinical outcome
of postransplant BKV infection (20). These reports
demonstrate that measurements of antiviral adaptive
immune responses may provide prognostic value and
reflect the clinical course of polyomavirus infection.

Serologic surveys have examined MCV prevalence
in various groups, including children (16,17,23), blood
donors (16,24), MCC patients (15,16,24), and the general
population (15), demonstrating that MCV infection is
widespread among healthy adults. Further supporting
widespread infection, Chen et al. recently reported evidence
for high rates of MCV seroconversion among children
3-13 years of age (23). Significantly elevated anti-MCV
capsid IgG levels are present in blood from MCC patients
compared with healthy controls, suggesting the possibility
of resurgent MCV replication among patients before MCC
development (15,16). Antibodies against MCV large T and
small T antigens are less sensitive for detecting exposure
to this virus but may be useful in monitoring tumor
progression among some virus-positive MCC patients (12).

To examine signs, symptoms, and diagnostic test results
associated with primary MCV infection, we examined
participants of the Pittsburgh Men’s Study, a component
of the Multicenter AIDS Cohort Study (MACS). MACS
recruited gay and bisexual men in 1984 and followed up at
=~6-month intervals with extensive symptom histories and
physical examinations.

Methods and Materials

Study Population and Recruitment

For study population 1, stored samples from the
Pittsburgh Men’s Study were examined. MACS was
begun in 1984 to characterize the natural history of HIV
infection in the United States. All study participants were
homosexual and bisexual men >18 years of age who were
followed up every 6 months with physical examinations
and collection of serum, plasma, and peripheral blood
mononuclear cells. To be eligible for our analysis,
participants had to have remained in the Pittsburgh
Men’s Study for at least 4 years. A subset of 564 study
participants was selected for this study.

1372

For study population 2, to search for a correlation
between MCV and hepatitis B virus (HBV) infection,
a set of 200 samples from participants of a community
study of HBV infection in Qidong, People’s Republic of
China, was examined. Persons in this study (73 male and
127 female) ranged in age from 12-35 years (median age
30 years). Roughly equal numbers of serum samples were
selected for hepatitis B surface antigen (HBsAg) positivity
and negativity. Samples were matched for participant age
and gender. Written informed consent was obtained, and all
procedures and protocols were approved by the Institutional
Review Board of the University of Pittsburgh.

Seroconversion Analysis

Blood samples at study entry were examined for
MCV IgG positivity. For those participants initially
seronegative, a sample from the end of the study (=4
years later) was tested, and, if MCV seropositive,
intervening samples were tested to determine the time of
seroconversion. MCV seroconversion was defined as the
midpoint between last negative and first positive serum
sample. For many of these seroconverters, additional
follow-up samples were available in the years after the
formal end of our 4-year cohort study. A corresponding
study visit was randomly chosen from 82 MCV negative
controls for comparison. Specifically, the distribution of
visits for MCV seroconversion was used: 10 at visit 2
(V2), 1 eachat V3, V4, V8, and V10; 4 at V5; 3 at V6; 8 at
V7; and 2 at V9 (total 31). Using a 4:1 match at V2 and a
2:1 match for all other seroconversion visits, we selected
82 controls, and their corresponding visit data were
compared with the data at the first MCV-seropositive visit
for the MCV seroconverters. Thus, MCV seroconverters
and controls were temporally matched so that long-term
events (e.g., AIDS progression) over the course of the
cohort study would not bias the results.

Virus-like Particle Production

Virus-like particles were produced in human
embryonic kidney 293TT cells (25) (a kind gift of Chris
Buck) as previously described (26). Viral protein (VP)
1 and VP2 genes were designed according to a silent
codon modification scheme (GenBank accession nos.
FJ548568-FJ54871) (27) and synthesized by Blue Heron
Biotechnology (Bothell, WA, USA) based on MCV339
(accession no. EU375804) (4). BKV VLP produced in a
baculovirus system (28) was a kind gift of John T. Schiller.

ELISA

Serum or plasma samples were tested at 1:100
dilution in a blinded and randomized fashion for MCV
VLP reactivity by using Immulon HB2 plates (Thermo
Fisher Scientific, Waltham, MA, USA) coated overnight

Emerging Infectious Diseases *« www.cdc.gov/eid « Vol. 17, No. 8, August 2011



at 4°C with MCV virus-like particles at 100 ng of the
protein per well in phosphate-buffered saline (PBS) and
blocked with 0.5% nonfat dry milk for 2 hours at room
temperature. Paired analysis of serum samples and plasma
showed no significant differences on MCV ELISA of
100 pL of serum, diluted with PBS/0.5% milk, added to
wells, and incubated at room temperature for 2 hours.
Anti-MCV antibody was detected by using horseradish
peroxidase—conjugated rabbit anti-human IgG or anti-
human IgM (Dako, Glostrup, Denmark) diluted 1:6,000
with PBS/0.5% milk (100 pL incubated for 1 hour).
TMB (3.3',5.5'-tetramethylbenzidine) substrate (Sigma,
St. Louis, MO, USA) was used to detect absorbance
signal at 405 nm with reference wavelengths of 620 nm
after 45 minutes of incubation. Assay optimization by
using MCV virus-like particles for protein saturation
curves were performed as previously described (16).
Each determination was performed in duplicate, and OD
values were adjusted by background subtraction by using
wells without antigen as previously described (29). A
detailed protocol for this assay is available from www.
tumorvirology.pitt.edu/mcvtools.html.

MCYV ELISA Cutoff Determination

Cutoff wvalues were based on results reported
previously, which provides a detailed description (16).
In brief, in this study, all samples with MCV IgG ELISA
reactivity >0.2 OD units were found to have MCV-
specific 1gG specific for MCV virus-like particles but
not heterologous polyomavirus virus-like particles by

Asymptomatic MCV Infection among Adults

competition. Samples in the current study with MCV IgG
OD values >0.2 units were considered positive without
further testing. Previously, we also found human serum
samples to have nonspecific reactivity up to 0.05 OD units
that showed no specific competition. Thus, patient samples
with MCV IgG ELISA <0.05 OD units in our current study
were considered negative. Patient samples with MCV
IgG ELISA results between 0.05 and 0.2 OD units were
subjected to competition with MCV virus-like particles to
determine if these titers were specific for MCV infection.
If MCV reactivity for the sample was reduced by >50%
by MCYV virus-like particles competition, the sample was
considered positive. Otherwise, the sample was considered
negative for MCV antibodies.

Virus-Like Particle Competition Assays

Competition experiments were performed by mixing
soluble MCV or BK virus—like particles with diluted serum
or plasma (100 ng per 100 pL) in 1.5-mL microcentrifuge
tubes followed by incubation for 1 hour at room temperature.
After incubation, serum samples were directly added to
MCV VLP—coated plates, and ELISA was performed as
described above.

HBsAg and Core Antigen Antibody ELISA

Testing for HBsAg and hepatitis B core antigen
antibody (HBc) were performed by using commercial
ELISA kits (Abazyme, Needham, MA, USA, and Abnova,
Taipei, Taiwan). Serum samples were diluted 1:100 with
PBS and tested in duplicate. Results of the tests were

A 564 (100%) B Negative
Positive Megative \
| | Positive
13.6%
447 (79.3%) 117|" (20.7%) Seroconverters
| Follow-up testing |
I 1.6%
108 available Not available/
Positive MNegative
| |
31 (5.5%) 77 (13.6%)
seroconverters

Figure 1. Merkel cell polyomavirus immunoglobulin G reactivity among Multicenter AIDS Cohort Study participants, Pittsburgh,
Pennsylvania, USA. A) Flowchart of test results for 564 participants and for 108 participants with initial negative tests who were available
for follow-up testing. B) Combined results for initial and follow-up testing.
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Figure 2. Age-dependent prevalence of Merkel cell polyomavirus
antibodies among the Multicenter AIDS Cohort Study participants,
Pittsburgh, Pennsylvania, USA. A small but significant linear trend
for Merkel cell polyomavirus positivity with age among adult gay
and bisexual men plateaued in the 35-45-year-old age group.
Whiskers represent 95% confidence intervals.

interpreted by using cutoffs determined with negative and
positive controls provided by manufacturers.

Statistical Methods

All analyses were conducted by using GraphPad Prism
software (GraphPad Software, Inc., La Jolla, CA, USA) and
the Epi Info statistical calculator (wwwn.cdc.gov/epiinfo).

Continuous data were analyzed by using a nonparametric
Mann-Whitney test, and categorical data were analyzed by
using a 2-sided Fisher exact test and by y? tests for trend.

Results

MCYV Seroprevalence in MACS Participants

Study participants were 18—69 years old and were
mostly white (96.2%). The mean age at baseline for
participants was 32.8 years. Blood samples collected at
entry were subjected to a battery of laboratory tests as
described elsewhere (30,31). Patients were asked about
symptoms during the preceding 6-month interval and
evaluated for physical signs.

Of 564 MACS participants, at enrollment 447 (79.3%)
were positive for MCV IgG (Figure 1). The median MCV
ELISA value for positive samples was 0.313 (range
0.013-2.451 OD units). The remaining 117 (20.7%)
participants provided specimens that were MCV-antibody
negative. A weak but significant increasing trend for MCV
seropositivity with age (p = 0.036, y* test for trend) was
found for young adults (25-35 years, n = 278) with a study
entry prevalence of 74.8% that rose to 83.7% among men
older than 45 years (n = 147) (Figure 2).

Absence of Signs and Symptoms Associated
with Prevalent MCV Infection

Comparing MCV-seropositive and seronegative men,
we found no significant differences in HIV, hepatitis

Table 1. Routine blood test characteristics of MCV-infected and MCV-uninfected men at initial visit for Multicenter AIDS Cohort Study,

Pittsburgh, Pennsylvania, USA*

MCYV infected

MCYV uninfected

Characteristic No. tested Value No. tested Value p value
HIV positive, no. (%) 447 138 (31) 117 33 (28) 0.58
AIDS, subsequent, no. (%) 447 58 (13) 117 12 (10) 0.43
Hepatitis B surface antigen positive, no. (%) 446 31(7) 117 1(1) 0.01
Hepatitis B core antibody, no. (%) 446 231 (52) 117 55 (47) 0.36
RPR reactive, no. (%) 446 19 (4) 117 4 (3) 0.68
Leukocyte count, x 10¥mm® 443 6793.5 116 7111.2 0.22
Erythrocyte count, x 10%¥mm® 443 5.0 116 5.0 0.53
Hemoglobin, g/dL 443 15.5 116 15.5 0.86
Hematocrit, % 443 45.8 116 46.0 0.45
Platelet count, x 10°%/mm® 443 262.6 116 270.3 0.12
Neutrophils, % 443 59.1 116 59.5 0.38
Lymphocytes, % 443 35.6 116 35.5 0.41
Monocytes, % 300 4.0 69 3.7 0.33
Eosinophils, % 318 25 79 2.8 0.24
Cytomegalovirus Ab titer 447 239.9 117 2321 0.86
Rubella Ab titer 447 92.0 117 87.6 0.16
IgA, mg/dL 447 360.6 117 361.4 0.44
1gG, mg/dL 447 2016.0 117 1945.9 0.91
IgM, mg/dL 447 220.3 117 227.6 0.62
CD4+, T-cells/uL 441 917.8 116 1004.2 0.09
CD8+, T-cells/uL 441 680.6 116 668.7 0.65

*MCV, Merkel cell polyomavirus; RPR, rapid plasma reagin; Ab, antibody; Ig, immunoglobulin.
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Figure 3. Representative patterns of Merkel cell polyomavirus (MCV) seroconversion among participants in the Multicenter AIDS Cohort
Study, Pittsburgh, Pennsylvania, USA. Most participants showed MCV immunoglobulin (Ig) M (green line) and IgG (blue line) patterns
similar to patient 1 (A) (MCV IgM peak immediately preceding IgG seroconversion) or patient 2 (B) (MCV IgM and IgG are concordant). For
patient 3 (C), no IgM peak was detected during MCV IgG seroconversion. Delayed MCV IgG seroconversion, as seen with patient 4 (D),
could also occur 1-2 years after an initial IgM spike. The black line represents the 0.2 optical density threshold value for MCV IgG positivity.
The specificity of this test is shown by MCV virus-like particle (VLP) competition (red line) and BK virus (BKV) competition (gold line), in
which MCV IgG titers are measured after plasma are preincubated with VLP antigen from the respective viruses. MCV IgG reactivity is
markedly reduced by MCV competition but not BKV competition.

C virus, or syphilis status; blood count values; or other (5.5%) seroconverted (Figure 1), resulting in an incidence
immunologic markers (Table 1). No correlation between of 6.62/100 person-years.
MCYV positivity and reported sexual activity was identified MCYV seroconversion at longitudinal follow-up visits
(data not shown). A significant association between MCV  was determined and infection was defined, for the purposes
seropositivity and chronic hepatitis B virus infection was  of this study, to occur at the midpoint between the last
found at study entry: 31 (7.2%) of 447 MCV-seropositive = MCV-negative and the first MCV IgM- or IgG-positive
participants were also positive for HBsAg as compared blood sample. In general, MCV IgM peak levels preceded
with 1 (0.8%) of 117 MCV-seronegative participants (odds IgG seroconversion by 1 study visit or were concurrent
ratio [OR] 8.1, 95% confidence interval [CI] 1.1-58.8). No  with IgG seroconversion. Peak IgM levels (OD range 0.12—
significant association was found, however, between MCV  0.47), when present, were consistently lower than peak IgG
and HBV exposure: 231 (51.7%) of 447 MCV-positive levels (OD range 0.18-1.16). Once IgG seroconversion
men, compared with 55 (47.0%) of 117 of MCV-negative had occurred, none of the subsequent samples from these
men, were positive for HBc at study entry (OR 1.1,95% CI  patients reverted to MCV IgG seronegativity.
0.9-1.4). No other specific symptoms, signs, or blood test Typical patterns for seroconversion are shown in
results were significantly associated with MCV positivity  Figure 3. Patient 1 shows the most common pattern,
at entry, including rashes, diarrhea, fever, respiratory in which IgM peaks immediately before a rise in IgG
symptoms, or changes in total leukocyte count or cellular levels, while the next most common pattern, exemplified
subpopulations (not shown). by patient 2, shows a concurrent IgM peak with IgG
seroconversion. For 6 seroconverters, rises in IgG
MCV Seroconversion Asymptomatic among Adult Men  were not accompanied by a preceding increase in IgM
To determine seroconversion, we tested 108 (92.3%) reactivity (patient 3), possibly due to transient IgM peaks
available plasma samples taken 4-5 years after study that resolved between the 2 blood collections. Finally, for
enrollment from the 117 initially MCV-seronegative 3 seroconverters, an MCV IgM peak was detected 1-2
persons. Of the 108 initially MCV-negative persons, 31  years before the rise in MCV IgG titers, which suggests
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Table 2. Signs and symptoms at seroconversion study visit or during previous 6 months for MCV seroconverters and controls matched
by study visit among participants in the Multicenter AIDS Cohort Study, Pittsburgh, Pennsylvania, USA*

Seroconverters

Controls

No. (%) with sign

No. (%) with sign

Signs or symptom No. evaluated or symptom No. evaluated or symptom p value
Shortness of breath >2 weeks 31 1(3.2) 75 8(10.7) 0.28
Shortness of breath at time of visit 28 1(3.6) 73 6 (8.2) 0.67
Cough >2 weeks 31 1(3.2) 75 4 (5.3) 1
Cough now 31 0 75 3(4.0) 0.55
Sore throat >2 weeks 31 1(3.2) 75 5(6.7) 0.67
Sore throat now 31 1(3.2) 75 2(2.7) 0.50
Rash >2 weeks 31 2 (6.5) 75 4 (5.3) 1
Rash now 31 3(9.7) 75 4 (5.3) 0.41
Bruising >2 weeks 31 0 75 4 (5.3) 0.32
Bruising now 31 0 75 3(4.0) 0.55
Fatigue >2 weeks 31 0 75 5(6.7) 0.32
Fatigue now 31 1(3.2) 75 4 (5.3) 1
Weight loss >10 pounds 31 0 75 1(1.3) 1
Weight loss now 31 0 75 0 NA
Diarrhea >2 weeks 31 2 (6.5) 75 0 0.08
Diarrhea now 31 1(3.2) 75 0 0.29
Fever >2 weeks 31 0 75 0 N/A
Fever now 31 0 75 0 N/A
Lymphadenopathy >2 weeks 31 3(9.7) 75 5(6.7) 0.69
Lymphadenopathy now 31 3(9.7) 75 5(6.7) 0.69
Night sweats >2 weeks 31 0 75 4 (5.3) 0.32
Night sweats now 31 0 75 2(2.7) 1.0
Headache >2 weeks 31 1(3.2) 75 3(4.0) 1.0
Headache now 31 1(3.2) 75 2(2.7) 1.0

*MCV, Merkel cell polyomavirus; NA, not applicable.

a prolonged period of infection before Ig class switching
(patient 4).

To determine signs or symptoms associated with
primary MCV infection, the date of seroconversion was
identified for each of the seroconverters. Signs, symptoms,
and laboratory values reported at the first MCV-seropositive
visit were then determined. Corresponding study visits
(selected as described in Methods) from MCV-seronegative
controls were then examined. Symptoms, such as fever,
rash, weight loss, fever, diarrhea, and cough present at the
study visit were similar for MCV seroconverters and the
control group (Table 2). Self-reported symptoms lasting >2
weeks during the 6 months before the MCV seroconversion
visit were also not significantly different between patients
and controls. Moreover, no statistically significant
differences in erythrocyte, leukocyte, CD4+, CD8+ cell
counts, or other clinical test values were identified between
the 2 groups at the first MCV-seropositive visit for patients
or at comparable visits for controls (Table 3). Although not
significant, a greater proportion of the MCV seroconverters
were hepatitis B core antibody positive (63.3% vs. 44.4%)
and had a marginally lower hemoglobin level (15.5 vs. 16.0
g/dL) as compared with controls. No DNA of the virus was
detected by real-time PCR in the plasma for 4 participants
at the time of seroconversion (data not shown).
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Longevity of MCV IgG Responses

Plasma from 17 of the 31 MCV seroconverters with
known dates of infection was available for long-term
follow-up (ranging from 7-25 years). Two general patterns
of anti-MCV antibody reactivity were seen: 11 (64.7%)
patients demonstrated robust MCV seroconversion, with
slowly increasing levels of MCV IgG over time (Figure 4).
The second pattern (6 patients) revealed a transient increase
in MCV IgG >0.2 OD units at the time of seroconversion,
which declined over 1-2 years and generally remained
<0.2 OD units. Despite this decline, all 6 retained readily
detected MCV IgG as measured by MCV VLP competition
assays.

Lack of Correlation between Hepatitis B
Virus Infection and MCV Status

Prevalent MCV seropositivity at study entry was
only significantly associated with a positive test result for
chronic HBsAg carriage. To examine the possible role
of MCV infection in influencing chronic HBV infection,
we tested 93 HBsAg-positive and 107 negative serum
samples collected in a convenience sample from Qidong
residents. Among these samples the prevalence of MCV
antibody positivity was 66% with mean OD 0.452 (range
0.01-2.19). Rates of MCV positivity for HBsAg positive
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Table 3. Routine blood test characteristics for MCV seroconverters and controls matched by study visit among participants in the
Multicenter AIDS Cohort Study, Pittsburgh, Pennsylvania, USA*

Seroconverters Controls
Characteristic No. tested Value No. tested Value p value
HIV positive, no. (%) 31 12 (38.7) 82 19 (23.2) 0.10
AIDS, subsequent, no. (%) 31 5(16.1) 82 7 (8.5) 0.31
Hepatitis B surface antigen positive, no. (%) 30 0(0) 81 1(1.2) 1.00
Hepatitis B Core antigen antibody positive, no. (%) 30 19 (63.3) 81 36 (44.4) 0.08
RPR reactive, no. (%) 31 1(3.2) 73 1(1.4) 0.50
Leukocytes count, x 10¥mm?® 31 7174.2 75 6978.7 0.26
Erythrocytes count, x 10¥mm® 31 5.1 75 5.2 0.13
Hemoglobin, g/dL 31 15.5 75 16.0 0.07
Hematocrit, % 31 46.7 75 47.7 0.15
Platelet count, x 10%/mm® 31 247.3 75 259.6 0.14
Polymorphonuclear lymphocytes, % 31 58.7 75 58.1 0.61
Lymphocytes, % 31 32.6 75 32.9 0.83
Monocytes, % 29 5.9 72 5.5 0.22
Eosinophils, % 30 2.6 74 3.1 0.39
Atypical lymphocytes, % 29 1.2 71 11 0.56
Cytomegalovirus Ab titer 12 168.5 44 306.4 0.34
Rubella Ab titer 12 73.6 45 75.4 0.72
IgA, mg/dL 12 308.2 45 295.1 0.70
19G, mg/dL 12 1,117.2 45 1151.5 0.93
IgM, mg/dL 12 178.8 45 1725 0.75
CD4+, T-cells/uL 26 925.1 65 900.1 0.85
CD8+, T-cells/pL 26 637.7 65 564.5 0.22

*MCV, Merkel cell polyomavirus; RPR, rapid plasma reagin; Ab, antibody; lg, immunoglobulin.

and negative samples were 61% and 70%, which were not Discussion

statistically different (Table 4). Among the 107 HBsAg Our study makes use of the MACS cohort study to

negative participants, MCV prevalence was not statistically — evaluate MCV seroprevalence and seroconversion among

significantly different for those exposed (HBc negative, adult men atrisk for HIV infection. While MCC occurrence

n = 9) and not exposed (HBc negative, n = 84) to HBV  is elevated among HIV-positive persons (32), it is still an

infection (75% vs. 71%, respectively). uncommon cancer and no cases of MCC were reported
among the participants selected from MACS for this study.

Figure 4. Two general patterns for
Merkel cell polyomavirus (McV)
immunoglobulin G levels after
seroconversion among participants
in the Multicenter AIDS Cohort
Study, Pittsburgh, Pennsylvania,
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Table 4. MCV prevalence among 200 Qidong, China, residents with and without hepatitis B virus surface antigen and hepatitis B virus

core antibodies*

Characteristict

No. residents

MCYV positive, no. (%) MCV negative, no. (%)

HBsAg positive/B core antibody positive

HBsAg positive/B core antibody negative
HBsAg negative/B core antibody positive
HBsAg negative/B core antibody negative

84

99

51 (61) 33 (39)
5 (56) 4 (44)
6 (75) 2 (25)
70 (71) 29 (29)

*MCV, Merkel cell polyomavirus; HBsAg, hepatitis B virus surface antigen.

1NS for comparison of either HBsAg or hepatitis B core antibody with MCV positivity.

We found no correlation between MCV infection and HIV
status or AIDS in our study. MCV seroconversion was not
associated with signs or symptoms of illness in adult gay
and bisexual men. MCV prevalence plateaued for men
35-45 years of age in our study, which is consistent with
primary MCV infection occurring mainly among children
and young adults (23). We found MCV prevalence among
participants was 79.3% with a 6.6% annual seroconversion
rate, which suggested widespread circulation of the virus.
Our study suggests that MCV infection is a highly prevalent
infection among adults that is often asymptomatic. We
cannot exclude rare illnesses occurring from primary
MCYV infection, however, or illness mild enough not to
be reported by our cohort participants. These results, and
those of others, indicate that active MCV transmission is
common even though MCV-related cancer is rare (33).

Signs and symptoms for primary MCV infection
were not found in our study. An important caveat is that
MACS participants self-reported symptoms at ~6-month
intervals, and minor symptoms may have been forgotten
between study visits. MACS is a closely monitored cohort
study designed to study risk factors and natural history of
HIV in homosexual and bisexual men in the United States.
Participants in this study were all sexually active adult
men, most of whom were already positive for MCV, and
so caution is needed in generalizing our results to other
populations (e.g., women, children, non-US populations).
We cannot exclude, for example, the possibility of
symptoms or disease after primary pediatric MCV
infection. Weak correlations that did not reach a level of
significance in our study, such as lower hemoglobin and
hematocrit values after MCV seroconversion, might be
reconciled by testing in other cohorts.

We did find an unexpected correlation between
prevalent MCV infection and chronic HBV carriage for
MACS participants. HBc positivity, however, was not
elevated. When MCV seroconverters were examined, no
correlation was found between MCV infection and HBsAg
positivity, and only a weak but nonsignificant association
was present for HBc values. It is likely that most of the
MACS men were exposed to HBV as adults through
unprotected sex or parenteral exposure. None of our other
comparisons suggest that either of these routes of infection
is significant for MCV, although we can infer that MCV
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infection (a childhood infection that primarily occurs
before onset of sexual activity) (23) likely preceded HBV
infection in most participants.

To further investigate the relationship between MCV
and HBV infection, we examined HBV-hyperendemic
samples from eastern China that likely represent mainly
vertical or early childhood horizontal HBV infections. No
correlation with MCV infection was found. Because of
selection to ensure sufficient numbers of HBV-exposed
participants, the Qidong study group cannot be assumed to
represent a community serosurvey. Nonetheless, our results
indicate widespread MCV infection among Asian adults
similar to that seen for North Americans. It is unlikely that
MCYV and HBV are biologically linked in any significant
manner, but caution is needed in interpreting these results
since modes of HBV infection for MACS and Qidong
participants are different.

MCV appears to be a life-long, chronic infection
that may cause continuous antigen stimulation. Recent
studies have shown that detection of MCV antibodies is
improved by use of conformational epitopes present in
VLP ELISA (16,23,34). Detection of MCV IgG by virus-
like particles ELISA is persistent for up to 25 years after
seroconversion, making it unlikely that seronegative
participants were exposed to MCV and subsequently lost
detectable antibodies. While only a portion of skin samples
from healthy persons have viral DNA detectable by PCR
(35,36), more sensitive techniques show persistent viral
DNA in skin samples over a time scale of months and
possibly years (19).

Our study indicates that MCV is one of a burgeoning
number of newly recognized viruses that are part of the
normal human flora (19,37-39). MCV infection among
adults is generally silent and not associated with common
signs, symptoms, or laboratory measures for infection. This
virus, nonetheless, directly contributes to one of the most
deadly human skin cancers, which illustrates that common
commensal viral infections can contribute to the etiology
of chronic diseases under unusual circumstances, such as
virus mutation together with loss of immune surveillance.
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Incidence of Acute Gastroenteritis
and Role of Norovirus, Georgia,
USA, 2004-2005

Aron J. Hall, Mariana Rosenthal, Nicole Gregoricus, Sharon A. Greene, Jeana Ferguson,
Olga L. Henao, Jan Vinjé, Ben A. Lopman, Umesh D. Parashar, and Marc-Alain Widdowson

Approximately 179 million cases of acute gastroenteritis
(AGE) occur annually in the United States. However, lack
of routine clinical testing for viruses limits understanding
of their role among persons seeking medical care. Fecal
specimens submitted for routine bacterial culture through
a health maintenance organization in Georgia, USA, were
tested with molecular diagnostic assays for norovirus,
rotavirus, astrovirus, sapovirus, and adenovirus. Incidence
was estimated by using national health care utilization
rates. Routine clinical diagnostics identified a pathogen in
42 (7.3%) of 572 specimens; inclusion of molecular viral
testing increased pathogen detection to 15.7%. Community
AGE incidence was 41,000 cases/100,000 person-years
and outpatient incidence was 5,400/100,000 person-years.
Norovirus was the most common pathogen, accounting for
6,500 (16%) and 640 (12%) per 100,000 person-years of
community and outpatient AGE episodes, respectively. This
study demonstrates that noroviruses are leading causes of
AGE among persons seeking medical care.

cute gastroenteritis (AGE), defined as diarrheal

disease of rapid onset potentially accompanied by
nausea, vomiting, fever, or abdominal pain, is a major cause
of illness in the United States. Approximately 179 million
episodes of AGE occur each year and result in =600,000
hospitalizations and 5,000 deaths (1,2). A specific etiology
is attributed to only ~20% of AGE cases, although viruses
are recognized as the most common of the known agents
(1,3). Noroviruses, in particular, have been estimated
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to cause =21 million cases of AGE annually, including
>56,000 hospitalizations and 570 deaths (3). However,
these estimates are based on US estimates of AGE and
extrapolation of etiologic fractions from studies in other
industrialized countries because few laboratory-based data
are available on the role of noroviruses in sporadic AGE in
the United States.

Development of more precise disease incidence
estimates for noroviruses and other viral causes of AGE
have been hampered, in part, by the lack of diagnostic
assays available in clinical settings. With the exception of
an enzyme immunoassay (EIA) for rotavirus, diagnosis of
viral AGE in the United States is made largely on the basis
of clinical signs and symptoms. Molecular techniques used
for definitive diagnosis, specifically PCR, are available
mostly in public health laboratories and research settings.
Commercial EIA kits for norovirus have been developed
but are not widely available in the United States and are
not cleared by the US Food and Drug Administration for
diagnosis of sporadic AGE cases. Evaluation of viral AGE
incidence is further limited by the fact that most AGE
patients do not seek medical care, and, of those who do,
<20% submit fecal specimens for diagnostics (2). Lastly,
general perception is that norovirus gastroenteritis is a self-
limiting mild illness that rarely requires medical attention,
despite several reports of serious illness and death in
various settings (3-7).

Better understanding of the relative role of specific
viral causes of AGE among persons seeking medical care
is needed to help guide clinical management and ultimately
to develop more appropriate AGE prevention strategies.
We sought to determine the prevalence of viral pathogens
among AGE patients who sought medical care and identify
their trends in seasonality and molecular epidemiology.
Using a similar strategy as that used for common bacterial
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and parasitic causes of AGE (3), we further sought to
estimate incidence of viral agents of AGE in community
and outpatient settings.

Methods

Study Population and Sample Selection

Kaiser Foundation Health Plan of Georgia, Inc. (KP) is
a health maintenance organization with ~280,000 members
in Georgia, USA, who almost exclusively seek care with KP.
One microbiology laboratory serves the entire population
of Georgia KP members and receives =140 fecal specimens
each month from outpatients seeking medical care. Upon
order of fecal diagnostics by an outpatient clinician, patients
were provided fecal collection kits and instructions for
their in-home collection. Patients were instructed to keep
specimens refrigerated after collection and to return them
as soon as possible to the clinic, typically within 48 hours.
Specimens were then transported by same-day courier to
the KP microbiology laboratory for processing.

Each week during March 15, 2004—March 13, 2005, a
total of 11 specimens from different patients were randomly
selected for inclusion in the study. A target sample size of
572 was selected to identify 10% norovirus prevalence with
a 95% confidence interval of + 5%, assuming patients with
AGE of short duration were 4 less likely to submit samples
than those with AGE of longer duration. Only patients for
whom a specimen was submitted after a clinician order
for routine culture were eligible for inclusion, although
additional diagnostics (e.g., ova and parasites, Clostridium
difficile, rotavirus EIA) may have also been ordered for
some patients. The following data were obtained for each
specimen: days from outpatient visit to receipt at the KP
laboratory, week of receipt by the KP laboratory, patient
age group in 5-year intervals, patient sex, fecal consistency,
and results of any diagnostic tests performed by the KP
laboratory. Data and specimens sent to the Centers for
Disease Control and Prevention (CDC), Atlanta, GA,
USA, were anonymous and had no identifiable information
that could be linked to the patient. Thus, our study did not
require review by an institutional review board.

Laboratory Testing

All specimens submitted for routine culture were
tested for Campylobacter, Shigella, and Salmonella spp.
at the KP laboratory. When requested, specimens were
also tested for Giardia and Cryptosporidium spp. by using
ProSpec T Microplate Assays (Remel, Lenexa, KS, USA),
for rotavirus by using the Immunocard STAT Rotavirus
Test (Meridian Bioscience Inc., Cincinnati, OH, USA), and
for C. difficile toxigenic strains by using the C. difficile Tox
A/B 11 EIA (Wampole Laboratories LLC, Princeton, NJ,
USA). Specimens submitted in Cary Blair medium (i.e.,
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routine bacterial culture) then underwent molecular testing
for norovirus, rotavirus, sapovirus, astrovirus and enteric
adenovirus at the CDC laboratory.

Viral nucleic acid was extracted by using RNA
spin columns (Omega Bio-Tek, Doraville, GA, USA).
TaqMan real-time reverse transcription PCR and PCR
were used for initial sample screening for genogroup I
(GI) and GII noroviruses, sapoviruses, and adenoviruses,
as described (8-10). Conventional PCR was conducted
to screen samples for astrovirus and rotavirus group A
and to determine the genotype of norovirus-, sapovirus-,
and adenovirus-positive samples (11-15). PCR products
were purified by using the QIAquick Gel Extraction Kit
(QIAGEN, Valencia, CA, USA) and sequenced by using
the BigDye Terminator Cycle Sequencing Ready Reaction
Kit (Applied Biosystems, Foster City, CA, USA) according
to the manufacturers’ instructions. For genotyping, detected
virus sequences were compared with sequences in the CDC
reference sequence databases.

Disease Incidence Calculations

The prevalence of each pathogen in specimens was
used to calculate pathogen-specific incidence rates of
acute gastroenteritis among the study population. We
used pooled data on self-reported health care utilization
practices of persons with acute diarrheal disease obtained
from Foodborne Diseases Active Surveillance Network
(FoodNet) population surveys in 2000-2001, 2002-2003
(2),and 2006-2007 (CDC, unpub. data). These 3 population-
based telephone surveys were conducted in selected sites
located throughout the United States, including Georgia, by
using a probability sample design.

The weighted proportion of survey respondents
with AGE (defined as diarrhea [>3 loose stools in a 24-
hour period] beginning within the past month) who
sought medical care in person and the proportion of those
respondents who submitted a specimen were calculated and
stratified by age group (Table 1). Because viral diarrhea
is generally of shorter duration than diarrhea of other
etiologies (4), data from respondents with diarrhea lasting
<3 days at the time of interview were used for estimates of
viral etiologies, and data from respondents with diarrhea of
any duration were used for estimates of bacterial, parasitic,
and other etiologies. These data were used to generate age-
group—specific rates of fecal specimen submission among
all those in the community with diarrhea and among only
those seeking medical care. Respondents with a chronic
disease for which diarrhea is a major sign (e.g., celiac
disease, Crohn disease, diverticulitis, irritable bowel
syndrome, ulcerative colitis) were excluded from analysis.

To adjust for variations in health care utilization
practices by age, we weighted age-group—specific FoodNet
Population Survey data proportional to the age distribution
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Table 1. Health care utilization practices among persons with acute gastroenteritis, by age group, FoodNet Population Surveys, USA,

2000-2007*
% Persons with acute gastroenteritis who sought % Persons who submitted a fecal specimen of those
medical care with acute gastroenteritis who sought medical care

Age group, y <3 d illness duration Any illness duration <3 d illness duration Any illness duration

<5 16.8 28.5 5.8 15.8

5-15 16.8 20.1 6.9 10.9

16-25 6.2 124 1.6 0.6

26-45 6.4 10.7 1.5 13.7

46-65 5.4 9.5 7.5 215

>65 10.3 15.7 174 13.0

Total 9.3 14.6 6.1 13.3

*Acute gastroenteritis is defined as diarrhea (>3 loose stools in a 24-h period) beginning within the past month and in the absence of a chronic disease for
which diarrhea is a major sign. Data were obtained from the Foodborne Diseases Active Surveillance Network (FoodNet) Population Survey, cycles 3-5

(2; Centers for Disease Control and Prevention, unpub. data).

of persons with specimens positive for each pathogen by
using the following age groups: <5, 5-15, 16-25, 2645,
46-65, and >65 years. These age groups were broadly
selected for clinical relevance and consistency in health care
utilization rates. Community and outpatient incidence of
each pathogen was calculated on the basis of prevalence of
that pathogen in sampled specimens (P,), pathogen-specific
fecal specimen submission rates among all respondents
with AGE (ComSS)) and among those seeking medical care
(OutSS)), the total number of specimens submitted to the
KP laboratory during the study period (S = 1,825), and the
total Kaiser membership in Georgia (i.e., study catchment
population, N = 280,000) (Figure 1).

Thus, incidence was calculated on the basis of
extrapolation of pathogen prevalence by using fecal
specimen submission and medical care—seeking rates for
community estimates and only fecal specimen submission
rates for outpatient estimates. A simulation approach was
used to generate 90% credible intervals (Cls). For each
pathogen or group of pathogens, P, ComSS, and OutSS,
were randomly drawn assuming a 3 distribution for each,
and the 2 incidence equations were recalculated. We report
5th and 95th centiles of 100,000 simulations. Incidence
estimates weighted for monthly fluctuations in the number
of specimens received by the KP laboratory were also
evaluated, but because they did not differ appreciably with
unadjusted estimates, the simpler unadjusted approach was
used. Chi-square tests were used to evaluate trends among
categorical variables. Analyses were performed by using
SAS version 9.2 (SAS Institute, Cary, NC, USA), Stata
version 11.0 (StataCorp LP, College Station, TX, USA),
and Epi Info version 3.4.3 (CDC).

Results

A total of 572 specimens were included in the study.
Routine bacterial culture and viral PCR were performed on
all specimens, and 375 (65.6%) were also tested for ova
and parasites, 161 (28.1%) for C. difficile, and 28 (4.9%)
for rotavirus by using EIA. Specimens not tested for ova
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and parasites or C. difficile were considered not positive for
those pathogens. Adult patients 26—65 years of age provided
325 (56.8%) of the specimens tested and 316 (55.2%) were
from female patients. Clinical diagnostic testing at the KP
laboratory identified a pathogen in 42 (7.3%) specimens.
Subsequent PCR testing at CDC identified >1 virus in 53
(9.3%) specimens, for a total of 88 (15.4%) specimens
with a detected pathogen (includes 5 specimens previously
positive for rotavirus by EIA and 2 specimens positive for
bacteria and virus). Among these 88 specimens, viruses
were detected in 53 (60.2%), bacteria in 30 (34.1%), and
parasites in 7 (8.0%). Multiple pathogens were identified
in only 4 specimens (Table 2). Norovirus was the most
frequently identified pathogen overall, detected in 25
(4.4%) of all specimens and 28.4% of the 88 specimens
with any pathogen identified. Detection of any pathogen in
feces was most likely in children <5 years of age (32.1%)

P, x S x 100,000

Comss, x N = community incidence/100,000 person-years

P; x § x 100,000 . L
TOutss,xN - outpatient incidence/100,000 person-years
Z(Sm x ComSS,) Z(Sm x 0utSS,)
= OutSS; = =2

Z Sa’a Zsfa
a a

Figure 1. Equations used for calculation of community and
outpatient incidence of each pathogen in patients with acute
gastroenteritis (AGE), Kaiser Foundation Health Plan of Georgia,
Inc., USA, March 15, 2004-March 13, 2005. P, prevalence of
pathogen i in stool samples; S, total no. stool samples submitted;
ComSs, pathogen-specific fecal specimen submission rates
among all respondents with AGE; N, total Kaiser membership;
OutSS, pathogen-specific fecal specimen submission rates among
those seeking medical care; S, no. of stools positive for pathogen
i in age group a; ComSS,, proportion of those in age group a with
AGE who seek care and submit stool specimen; OutSS, proportion
of those in age group a seeking care for AGE who submit stool
specimen.

ComSS; =
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Table 2. Pathogens detected among fecal specimens submitted by outpatients, by age group, to Kaiser Foundation Health Plan of

Georgia, Inc., USA, March 15, 2004—March 13, 2005

Age group, Y, no. (%) positive

Pathogen <5,n=81 5-15,n=63 16-25,n=47 26-45,n=190 46-65,n=135 >65n=56 Total n=>572
Virus 19 (23.5) 5(7.9) 6(12.8) 14 (7.4) 7(5.2) 2(3.6) 53 (9.3)
Norovirus 6 (7.4) 1(1.6) 3(6.4) 8(4.2) 7(5.2) 0 25 (4.4)
Astrovirus 5(6.2) 1(1.6) 1(2.1) 3(1.6) 0 0 10 (1.7)
Rotavirus 4(4.9) 2(3.2) 1(2.1) 0 0 0 7(1.2)
Sapovirus 4(4.9) 0 1(2.1) 0 1(0.7) 1(1.8) 7(1.2)
Adenovirus 1(1.2) 1(1.6) 0 3(1.6) 0 1(1.8) 6 (1.0)
Bacteria 8(9.9) 3(4.8) 3(6.4) 8(4.2) 8 (5.9) 0 30 (5.2)
Clostridium difficile* 0 0 1(2.1) 6(3.2) 7(5.2) 0 14 (2.4)
Salmonella spp. 6(7.4) 1(1.6) 1(2.1) 0 0 0 8 (1.4)
Shigella spp. 2(2.5) 1(1.6) 0 2(1.1) 0 0 5(0.9)
Campylobacter spp. 0 1(1.6) 1(2.1) 0 1(0.7) 0 3(0.5)
Parasitet 1(1.2) 1(1.6) 1(2.1) 4(2.1) 0 0 7(1.2)
Giardia spp. 0 1(1.6) 0 4(2.1) 0 0 5(0.9)
Cryptosporidium spp. 1(1.2) 1(1.6) 0 0 0 0 2(0.3)
Multiplet 3(3.7) 0 0 0 1(0.7) 0 4(0.7)
Any pathogen 26 (32.1) 9 (14.3) 10 (21.3) 26 (13.7) 15 (11.1) 2 (3.6) 88 (15.4)
Unidentified 55 (67.9) 54 (85.7) 37 (78.7) 164 (86.3) 120 (88.9) 54 (96.4) 484 (84.6)

*C. difficile testing performed on 161 (28.1%) of 572 total specimens; those not tested were classified as not positive.
tParasite testing performed on 375 (65.6%) of 572 total specimens; those not tested were classified as not positive.
tCombinations observed were Salmonella spp./norovirus, Salmonella spp./sapovirus, norovirus/sapovirus, and rotavirus/sapovirus.

and decreased significantly with age to 3.6% for persons
>65 years of age (p<0.001).

Most (62.4%) specimens were received for laboratory
testing within 3 days of the patient’s medical visit.
However, 90 (15.7%) were received >1 week later.
Time lag did not differ by age group. Pathogens were
detected most frequently among specimens received by
the laboratory within 3 days of outpatient visit (18.2%)
and were significantly less likely to be detected with
increasing delay, decreasing to 6.7% among specimens
received after >1 week (p<0.001). This time lag effect
was more pronounced for viruses than bacteria and was
likely caused by the decrease in viral shedding and test
sensitivity after the acute phase of illness. For example,
norovirus was identified in 5.0% of specimens received <7
days of outpatient visit, but in only 1.1% of those received
>1 week after outpatient visit; overall detection of bacteria
decreased from 5.6% to 3.3% during the same time frame.
Most (81.4%) specimens were unformed (i.e., took on the
shape of the collection cup), indicating that the patients
were still symptomatic at the time of specimen collection.
No differences in rates of pathogen detection were found
between formed and unformed specimens.

Overall rate of pathogen detection and the relative
distribution of pathogens showed apparent seasonal
variation, although insufficient sample size precluded
identification of significant temporal trends. Overall,
viruses predominated during winter and spring, and
bacteria predominated during summer and fall (Figure 2).
Relatively low prevalence of parasites was observed year
round with no discernible seasonal pattern. Pronounced
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winter peaks in prevalence were observed for norovirus
(10.5%) and astrovirus (4.2%). All rotavirus-positive
specimens were received during winter and spring, during
which prevalence was 1.4% and 3.5%, respectively.
Similarly, peak prevalence of sapovirus (2.8%) and
adenovirus (2.1%) was during spring.

Overall estimated community incidence of AGE of
any etiology was 41,000 cases/100,000 person-years (90%
CI 38,000—44,000 cases), of which 13,000 (32%, 90%
CI 10,000-20,000 cases) were caused by identified agents
(Table 3). Estimated incidence of AGE in outpatients was
5,400 cases/100,000 person-years (90% CI 4,400-6,700
cases), of which 1,600 (30%, 90% CI 1,300-2,400 cases)
could be attributed to a specific pathogen. Norovirus was
the leading identifiable cause of illness in community and
outpatient settings and was associated with 16% of all
community AGE (6,500 cases/100,000 person-years, 90%
CI 3,700-12,000 cases) and 12% of all outpatient AGE
(640/100,000 person-years, 90% CI 360—1,200 cases).

In comparison with estimated community incidence
of AGE caused by bacteria (1,700 cases/100,000
person-years, 90% CI 1,100-2,300) and parasites (420
cases/100,000 person-years, 90% CI 200-790), the
community incidence of norovirus was =~4-fold and
>15-fold greater, respectively. Likewise, the incidence
of norovirus infection prompting medical care was
~3-fold greater than that of bacterial pathogens (240
cases/100,000 person-years, 90% CI 160-320 cases) and
>10-fold greater than that of parasites (60 cases/100,000
person-years, 90% CI 29-110 cases). Astrovirus was
the second leading identifiable pathogen associated with
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Figure 2. Pathogen prevalence in acute gastroenteritis outpatients
by season, Kaiser Foundation Health Plan of Georgia, Inc., USA,
March 15, 2004—March 13, 2005. Viral pathogens predominated
during winter and spring, and bacteria predominated during
summer and fall.

AGE in community and outpatient settings; estimated
incidences were 1,800 cases (90% CI 880-3,400 cases)
and 270 (90% CI 130-590 cases) per 100,000 person-
years, respectively.

Sequence analysis of the 25 norovirus-positive samples
identified 24 (96%) as GII strains and 1 (4%) as a GI strain
(Figure 3). Of all strains, approximately one third could

Acute Gastroenteritis and Norovirus

be typed as GII.4, specifically the Farmington Hills and
Hunter subclusters. GII.3 viruses were equally prevalent
in this population. Other norovirus genotypes identified
included GI3b, GII.2, GII.14, and GII.17.

Discussion

This study provides US laboratory—based incidence
rates for norovirus disease determined by using direct
outpatient surveillance of routinely collected fecal
specimens. Despite examination of only fecal specimens
submitted for bacterial culture, our data demonstrate that
viruses, and noroviruses specifically, were the leading
cause of AGE among persons of all ages seeking medical
care. We estimate that 24% of persons seeking medical
care for AGE do so because of viral infection, including
12% because of norovirus infection. Overall, viruses
accounted for 27% of AGE episodes in the community and
noroviruses accounted for 16%.

In contrast to bacterial and parasitic pathogens, viral
AGE pathogens were primarily detected during winter
and spring months, which is consistent with previous
descriptions of norovirus and rotavirus seasonality in
temperate climates (16). Norovirus strains identified in this
study were similar to those identified in studies of sporadic
AGE (17) and those implicated in norovirus outbreaks
confirmed by CDC during the same period (18). The
predominance of GIL.4 strains in epidemic and sporadic
norovirus disease demonstrates the need for including this

Table 3. Estimated incidence of pathogens causing acute gastroenteritis in community and outpatient settings, Kaiser Foundation

Health Plan of Georgia, Inc., USA, March 15, 2004—March 13, 2005*

Outpatientt Communityf
Pathogen Incidence (90% CI)§ % Total Incidence (90% CI)§ % Total
Virus 1,300 (750-2,200) 241 11,000 (6,800-19,000) 26.8
Norovirus 640 (360-1,200) 11.9 6,500 (3,700-12,000) 15.9
Astrovirus 270 (130-590) 5.0 1,800 (880-3,400) 4.4
Rotavirus 150 (65-330) 2.8 880 (400-1,700) 2.1
Sapovirus 110 (49-220) 2.0 900 (420-1,800) 2.2
Adenovirus 120 (49-260) 2.2 970 (410-2,100) 2.4
Bacteria 240 (160-320) 4.4 1,700 (1,100-2,300) 4.1
Clostridium difficile 96 (61-150) 1.8 960 (590-1,500) 23
Salmonella spp. 69 (35-120) 1.3 250 (130-440) 0.6
Shigella spp. 41 (17-85) 0.8 200 (86-410) 0.5
Campylobacter spp. 31 (9-76) 0.6 240 (71-590) 0.6
Parasite 60 (29-110) 1.1 420 (200-790) 1.0
Giardia spp. 43 (18-86) 0.8 350 (150-720) 0.9
Cryptosporidium spp. 17 (4-48) 0.3 68 (14-190) 0.2
Any pathogen 1,600 (1,300-2,400) 29.6 13,000 (10,000-20,000) 31.7
Unidentified 3,800 (3,200-4,600) 70.4 28,000 (23,000-34,000) 68.3
Total 5,400 (4,400-6,700) 100 41,000 (38,000-44,000) 100

*Incidence is per 100,000 person-years. Acute gastroenteritis is defined as diarrhea (>3 loose stools in a 24-h period) beginning within the past month and
in the absence of a chronic disease for which diarrhea is a major sign. Cl, credible interval.

tOutpatient incidence calculated from prevalence in fecal specimens sampled, age-adjusted fecal specimen submission rates among health care
seekers, number of fecal specimens submitted to the Kaiser laboratory annually (1,825), and number of Kaiser memberships in Georgia (280,000).
FCommunity incidence calculated from prevalence in fecal specimens sampled, age-adjusted medical care seeking and fecal specimen submission rates,
number of fecal specimens submitted to the Kaiser laboratory annually (1,825) and total Kaiser memberships in Georgia (280,000).

§90% Cl calculated from the 5th and 95th percentiles of 100,000 simulations, assuming a f distribution of variables.
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Figure 3. Distribution of norovirus genotypes among 25 outpatients
with acute gastroenteritis, Kaiser Foundation Health Plan of
Georgia, Inc., USA, March 15, 2004—March 13, 2005. Genogroup
Il (Gll) was more prevalent than GI. *Includes Gll.2 (2 specimens),
Gll.14 (2 specimens), and GlI.17 (1 specimen).

genotype in vaccine development efforts.

Our findings are consistent with those of studies
conducted in other industrialized countries, which
demonstrated the relative role of viral pathogens in causing
AGE (19-23). A recent systematic literature review that
included 13 etiologic studies of community and outpatient
cases of sporadic diarrhea, most of which focused on
children, determined that norovirus was responsible for
12% (range 5%—36%) of AGE cases (17). In a community-
based study in Germany, the incidence of AGE requiring
medical consultation attributable to norovirus was 626
cases/100,000 person-years (19). In England, the incidence
of general practice consultations for norovirus-associated
infectious intestinal disease was 540 cases/100,000 person-
years (24). The estimated incidence of norovirus among
outpatients in our study (640 cases/100,000 person-
years) supports the findings of the studies in England and
Germany. A similar study in the Netherlands reported a
considerably lower incidence of gastroenteritis in general
practices (797 cases/100,000 person-years), in which 5%
(40 cases/100,000 person-years) were caused by norovirus
(20). However, standardized gastroenteritis incidence
reported in the Dutch community of 28,300 cases/100,000
person-years is more similar to that estimated in our
study (41,000 cases/100,000 person-years) (25). Dutch
guidelines for general practitioners, which recommend
that cases of uncomplicated AGE be handled by telephone
consultation (http://nhg.artsennet.nl), may explain the
apparent difference in health care utilization practices.

Prior US estimates of the incidence of norovirus have
been based on a bottom-up approach of using overall
incidence of AGE from population surveys and estimating
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the proportion attributable to norovirus on the basis of data
from other countries, given the lack of laboratory-based
data available at the time (3). This approach yielded an
estimate of =21 million cases of norovirus illness annually,
corresponding to a community incidence similar to that
estimated in our study (6,974 cases/100,000 person-years
vs. 6,500 cases/100,000 person-years). Similarly generated
bottom-up estimates for astrovirus, rotavirus, and sapovirus
(each 1,024 cases/100,000 person-years) were likewise
within 90% CIs of our community incidence estimates (3).

Although markedly different approaches were used,
each subject to considerable uncertainty, concordance of
the respective incidence estimates generated is reassuring.
However, given the inclusion of only specimens submitted
for routine bacterial diagnostics, our study likely
underestimated the true incidence of norovirus disease in
the community. Furthermore, use of health care utilization
multipliers based primarily on diarrhea may underestimate
the incidence of pathogens that can cause other AGE
signs (e.g., vomiting) in the absence of diarrhea, as has
been reported for norovirus (26). Previous studies have
demonstrated that seeking medical care is influenced by
disease severity and social factors (27,28), which leads to a
smaller proportion of viral AGE patients in the community
who seek medical care, compared with bacterial and
parasitic AGE (22). Identifying laboratory-confirmed
cases of norovirus infection and extrapolating community
incidence by using pathogen-specific health care utilization
multipliers in a top-down approach may be preferable
when such data are available and would likely yield more
reliable estimates.

The primary limitation of this study results from use
of routinely collected specimens, as opposed to systematic,
active patient recruitment. The study specimens may have
therefore been obtained from patients with noninfectious
or chronic diseases, which may have contributed to the
low detection rate for pathogens in this study. Delays in
collection of specimens may have also contributed to the low
rates of pathogen detection. Routinely collected samples
also overrepresent some age groups, as demonstrated by
differential fecal submission rates (Table 1), which may not
reflect age groups at greatest risk for infection by specific
pathogens or risk for the overall population.

We have adjusted for this sampling artifact by
development of pathogen-specific, age-adjusted health care
utilization multipliers. These multipliers resulted in the
observed increase from pathogen prevalence in specimens
(e.g., 4.4% for norovirus) to pathogen prevalence among
estimated community AGE cases (e.g., 16% for norovirus).
In addition to age, pathogen-specific health care utilization
multipliers also accounted for duration of illness and
yielded different pathogen distributions in community and
outpatient settings. These results are consistent with those
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of previous studies (20,22,25). In contrast to a previous
study that estimated US incidence of AGE (3), our study did
not adjust for differential health care utilization rates based
on illness severity (i.e., bloody vs. nonbloody diarrhea)
to maintain adequate power to enable the adjustment for
age group. Nonetheless, there was insufficient sample
size within each age group to generate age group—specific
disease incidence estimates.

Attributing causality of AGE to norovirus infection is
complicated by the fact that asymptomatic infections may
occur; healthy persons used in previous studies as controls
have shown background rates of infection of 1%—-16%
(17). However, low prevalence (1.1%) of norovirus in
specimens received >1 week after outpatient visit and low
number of mixed infections identified in our study suggest
that norovirus was likely the etiologic agent when detected.
Incidence estimates were not adjusted for test sensitivity
because the molecular methods used for viral diagnostics
generally show extremely high sensitivities if appropriate
and timely specimens are tested. Prevalence and incidence
of parasites and C. difficile may be underestimated given
that not all specimens were tested for these pathogens
and indications for clinicians requesting specific tests are
unknown and likely varied. Finally, given that the study
population included only Georgia residents and health
maintenance organization members, which tends toward
younger age and higher socioeconomic status, the results
may not be generalizable to the overall US population.
Restriction of FoodNet data to only respondents in Georgia
who had health insurance was evaluated for comparison but
did not differ. Therefore, all respondents were ultimately
included to enable adequate power for age stratification.

Development of sensitive clinical assays for
identification of viral agents of AGE, such as norovirus,
and more widespread use of such assays may help close
the diagnostic gap on sporadic AGE cases and guide
more appropriate case management. The demonstrated
predominance of viruses among medically attended
AGE cases should help prevent the unnecessary use
of antimicrobial drugs and spur development of novel
interventions specific for the unique transmission pathways
of viruses. Compared with bacterial AGE etiologies, many
of which result from foodborne transmission from infected
animal sources, viral AGE pathogens originate in human
reservoirs and usually involve direct or indirect person-
to-person spread. Although occasionally implicated in
outbreaks (29,30), the role of foods contaminated during
processing in the overall norovirus disease incidence
remains largely unknown. Further assessment of the
incidence of enteric viruses, including hospital-based
studies of risk factors for severe disease and attribution
to specific transmission pathways, are needed to improve
control measures and assess future potential of vaccines.
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Novel Surveillance Network
for Norovirus Gastroenteritis
Outbreaks, United States?

Everardo Vega, Leslie Barclay, Nicole Gregoricus, Kara Williams, David Lee, and Jan Vinjé

CaliciNet, the outbreak surveillance network for
noroviruses in the United States, was launched in March
2009. As of January 2011, twenty state and local health
laboratories had been certified to submit norovirus
sequences and epidemiologic outbreak data to CaliciNet.
During the network’s first year, 552 outbreaks were
submitted to CaliciNet, of which 78 (14%) were associated
with foodborne transmission. A total of 395 (72%) outbreaks
were typed as Gll.4, of which 298 (75%) belonged to a new
variant, Gll.4 New Orleans, which first emerged in October
2009. Analysis of the complete capsid and P2 region
sequences confirmed that Gll.4 New Orleans is distinct from
previous Gll.4 variants, including Gll.4 Minerva (2006b).

Noroviruses are the primary cause of epidemic viral
gastroenteritis and the leading cause of foodborne
outbreaks in the United States (1-3). Although the course
of disease is in most cases self-limiting, young, elderly, and
immunocompromised persons are at risk for complications
caused by severe vomiting and diarrhea (4-8). In addition
to the clinical impact of norovirus disease, the economic
effects in lost wages, time, and intervention procedures
(e.g., clean-up costs and recalls) can be significant (9-11).
Although norovirus outbreaks occur year-round, they are
more common during the winter months (12-14).
Noroviruses are genetically classified into 5
genogroups, GI-GV, with GI and GII strains responsible
for most human disease (2,15). GII viruses can be further
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divided into at least 19 genotypes, of which GII.4 is
responsible for >85% of outbreaks (14,16), although other
genotypes and viruses continue to circulate and cause
sporadic disease in children (17-19). Over the past 15
years, new GII.4 variants have been identified; several
have been associated with a global increase in the number
of outbreaks (15). The last pandemic GII.4 variant, GII.4
2006b or GII.4 Minerva, was identified in late 2005/early
2006 and has been the predominant outbreak strain in the
United States since then. The successive displacement of
GII.4 variants suggests that population immunity is driving
the evolution of GII.4 viruses (20,21), and the emergence
of a new variant will cause an increase in the number of
outbreaks in an immunologically naive population.

It is not fully understood why some GII.4 variants
become pandemic whereas others do not. The combination
of novel antigenic sites in protruding regions of the capsid
(centered around amino acids 295 and 396) and the change
or expansion of a susceptible population may be responsible
for the emergence of pandemic variants (20,22). The latter
theory has been supported by the discovery that different
norovirus strains may have different histo—blood group
antigen (HBGA) binding patterns and that nonsecretors
are not susceptible to infection with certain genotypes
or variants (23). Most mutations between genotypes and
variants occur in the P2 region of the major capsid viral
protein (VP), VP1, which contains the HBGA binding sites.

Since 2008, all 50 states have had the laboratory capacity
for norovirus testing; the Centers for Disease Control and
Prevention (CDC) National Calicivirus Laboratory (NCL)
provides laboratory support to states that do not have in-

'Additional members of the CaliciNet participating laboratories who
contributed data are listed at the end of this article.
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house capacity for norovirus strain typing. Recent studies
on the molecular epidemiology of norovirus in the US
have been based on specimens from a subset of outbreaks
that were submitted to CDC (13,24,25). To enhance and
harmonize norovirus outbreak surveillance, CDC and
its state partners have developed a national norovirus
outbreak surveillance network, CaliciNet. CaliciNet was
developed to improve standardized typing of norovirus
outbreaks, assist in linking geographically different
clusters of norovirus illness, allow rapid classification
and identification of new norovirus strains, and establish
a comprehensive strain surveillance network in the United
States. In this article, we describe the CaliciNet network
and report first-year results, including the identification of
a new GII.4 norovirus variant.

Materials and Methods

CaliciNet

CaliciNet is a novel electronic laboratory surveillance
network of local and state public health laboratories in the
United States, coordinated by CDC. CaliciNet participants
perform molecular typing of norovirus strains by using
standardized laboratory protocols for reverse transcription
PCR (RT-PCR) followed by DNA sequence analysis of the
amplicons. A customized CaliciNet database developed
in Bionumerics version 5.1 (Applied Maths, Austin, TX,
USA) includes norovirus sequence and basic epidemiologic
information (Table 1), which are submitted electronically
via a secure connection to the CaliciNet server at CDC.
Both epidemiologic and sequence data can then be used
to help link multistate outbreaks to a common source (e.g.,
contaminated food). To ensure high-quality data entry,
submissions to the CaliciNet server are performed by
certified laboratory personnel of the participating state or
local health laboratories, and final quality assurance/quality
control is performed at CDC.

CaliciNet certification for participants is a 2-step
process that involves evaluation of data entry and analysis of
sequences and a laboratory panel test. Each laboratory must
pass an annual proficiency test. The laboratory certification
and proficiency test consists of analyzing a panel of fecal
samples by real-time RT-PCR and conventional RT-PCR
analysis followed by bidirectional sequencing as described
below. Certified participants are then authorized to upload
norovirus outbreak data consisting of >2 samples per
outbreak to the national CaliciNet database (Table 1).
GII.4 sequences with >2% and 3% difference in region
C or D, respectively, and >10% difference with all other
noroviruses are further analyzed at CDC by amplification
of the VP1 or P2 region.
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Table 1. Epidemiologic data fields required for upload to
CaliciNet*

Required CaliciNet fields

Description

LabOBNumber Year, outbreak, and number
Outbreak date Begin date of outbreak
Outbreak city City where outbreak occurred
Outbreak state State where outbreak occurred
Outbreak setting Select outbreak settingt
Outbreak country Country where outbreak occurred

Transmission Foodborne, person-to-person,
waterborne
Results of RT-PCR%t

Sequence of region D§

Conventional RT-PCR
Sequence experiment

*RT-PCR, reverse transcription PCR.
TChild care center, cruise ships, hospital, long-term care facility, party or
event, restaurant, school and community, correctional center.

FRegion C or D.

§Region D is the preferred sequence, but region C is also accepted.

Outbreaks

All outbreaks submitted to CaliciNet and the NCL
from October 2009 through March 2010 were genotyped
by region D analysis (26). To verify GIl.4 New Orleans
variants, a subset of outbreaks from CaliciNet participating
laboratories and 2 specimens from each outbreak received
at the NCL from October 2009 through May 2010 were
analyzed by using the P2 region as described below.

Viral RNA Extraction

Viral RNA was extracted from clarified 10% fecal
suspensions in phosphate-buffered saline with the
MagMax-96 Viral RNA Isolation Kit (Ambion, Foster
City, CA, USA) on an automated KingFisher magnetic
particle processor (Thermo Fisher Scientific, Pittsburgh,
PA, USA) according to the manufacturer’s instructions and
eluted into 100 pL of elution buffer (10 mmol/L Tris pH
8.0 and 1 mmol/L EDTA). Extracted RNA was stored at
—80°C until further use.

Real-time RT-PCR

Viral RNA was tested for GI and GII noroviruses in
a duplex format by using the AgPath-ID One-Step RT-
PCR Kit (Applied Biosystems, Foster City, CA, USA) on
a 7500 Realtime PCR platform (Applied Biosystems). The
final reaction mix of 25 uL consisted of 400 nmol/L of
each oligonucleotide primer, CoglF, CoglR, Cog2F, and
Cog2R, and 200 nmol/L of each TagMan Probe Ring 2 (27)
and Ring 1C (28) (Table 2). Cycling conditions included
reverse transcription for 10 min at 45°C and denaturation
for 10 min at 95°C, followed by 40 cycles of 15 s at 95°C
and 1 min at 60°C.

Region D RT-PCR

The QIAGEN One-Step RT-PCR Kit (QIAGEN,
Valencia, CA, USA) was used for region D amplification
in a 25-uL reaction volume. RNAse Inhibitor (Applied

Emerging Infectious Diseases *« www.cdc.gov/eid « Vol. 17, No. 8, August 2011
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Table 2. Oligonucleotide primers and probes used for detection and genotype identification of norovirus strains submitted to CaliciNet*

Primer or probe name RT-PCR target Sequence, 5’ — 3' Reference
TVN-L1 ORF2-ORF3 GGG TGT GTT GTG GTG TTG TzVN (29)
L1 ORF2-ORF3 GGG TGT GTT GTG GTG TTG This study
EVP2F P2 (GlI.4 specific) GTR CCR CCH ACA GTT GAR TCA This study
EVP2R P2 (GlI.4 specific) CCG GGC ATA GTR GAY CTR AAG AA This study
Cap D1 Region D GlI TGT CTR STC CCC CAG GAA TG (26)
CapC Region D GlI CCT TYC CAK WTC CCA YGG (26)
Cap D3 Region D GlI TGY CTY ITI CCH CAR GAA TGG (26)
Cog 2F ORF1-ORF?2 junction (GlI) CAR GAR BCN ATG TTY AGR TGG ATG AG 27)
Cog 2R ORF1-ORF?2 junction (GllI) TCG ACG CCATCT TCATTC ACA 27)
Ring 2 ORF1-ORF2 junction (GlI) Cy5-TGG GAG GGC GAT CGC AAT CT-BHQ 27)
Ring 1C ORF1-ORF2 junction (Gl) FAM-AGA TYG CGI TCI CCT GTC CA-BHQ (28)
Cog 1F ORF1-ORF2 junction (GI) CGY TGG ATG CGI TTY CAT GA 27)
Cog 1R ORF1-ORF2 junction (GI) CTT AGA CGC CAT CAT CATTYAC (27)

*RT-PCR, reverse transcription PCR; ORF, open reading frame.

Biosystems) was added to a final concentration of 15-20
units/reaction. Oligonucleotide primers CapDI1, CapD3,
and CapC were added to a final concentration of 1 umol/L
each (Table 2). RT-PCR conditions included reverse
transcription at 42°C for 30 min and denaturation at 95°C
for 15 min, followed by 40 cycles of 30 s at 94°C, 30 s at
40°C, and 30 s at 72°C. A final elongation step was run for
10 min at 72°C.

P2 Region Amplification

The P2 region was amplified by using the SuperScript
IIT One-Step RT-PCR with Platinum Taq High Fidelity
Kit (Invitrogen, Carlsbad, CA, USA). The final reaction
volume of 25 pL consisted of 4 pmol/L of EVP2F and
EVP2R (Table 2). RT-PCR conditions included reverse
transcription at 55°C for 30 min and denaturation at 94°C
for 2 min, followed by 40 cycles of PCR at 94°C for 15 s,
55°C for 30 s, 68°C for 1 min, and a final extension step of
68°C for 5 min.

Amplification and Cloning of Gll.4 New Orleans

Novel GII.4 New Orleans sequences were identified
by region D sequence analysis and further analyzed by
amplification of complete open reading frame 2. Extracted
RNA from fecal samples underwent cDNA synthesis with
a TVN-L1 primer (29) (Table 2) for 60 min at 50°C by
using the Superscript III cDNA synthesis kit (Invitrogen).
The reaction mixture was purified by using the DNA Clean
and Concentrator-5 (Zymo Research, Orange, CA, USA).
The cDNA was amplified by using oligonucleotides (0.5
pmol/L each) L1 and Cog2F (Table 2), using the Phusion
PCR Kit with the addition of 3% dimethyl sulfoxide
(Finnzymes, Woburn, MA, USA). PCR conditions included
denaturation at 98°C for 30 s followed by 40 cycles of
98°C for 10 s, 48°C for 30 s, and 72°C for 1.5 min. A final
elongation step was run at 72°C for 10 min.

PCR products of 2.5 kb were gel purified and cloned
by using a TOPO-TA Cloning Kit (Invitrogen). Five
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clones of each strain were fully sequenced bidirectionally
and their respective consensus sequences were submitted
to GenBank. The accession no. for GII.4 New Orleans is
GU445325.

DNA Sequencing

All amplicons were purified with the QIAquick
Gel Extraction or PCR Purification Kits (QIAGEN) and
sequenced by using the BigDye Terminator Kit version 1.1
(Applied Biosystems). Sequence reactions were cleaned up
by using the BigDye Xterminator Kit (Applied Biosystems)
and analyzed on a 3130XL Automated Sequencer (Applied
Biosystems).

Phylogenetic Analysis

VP1 or P2 sequences were aligned by using MEGA4
software (30). Maximum-likelihood phylogenetic analysis
of VP1 amino acids were run in PhyML version 3.0 (www.
atgc-montpellier.fr/phyml/binaries.php) by using the LG
amino acids replacement matrix (31). The initial tree was the
best of 5 random trees, and branches were supported by 100
bootstrap replicates. Branches with bootstrap support <60
were collapsed. The P2 sequence of representative GIL.4
variants (GI1.4 NOLA, GII.4 Osaka, GI1.4 Yerseke [2006a],
GIL.4 Minerva [2006b], and GII.4 New Orleans) were also
included in the analysis. Maximum-likelihood scores were
generated for all models available in jModelTest by using
the Akaike information criterion or the Bayesian information
criterion (32) to select the best nucleotide replacement
matrix for phylogenetic analysis. A transitional model
with rate variation between sites, TIM3+G, had the best
maximum-likelihood scores. The custom model was then
run in PhyML version 3.0 with the approximate-likelihood
ratio test calculated for branch support (33).

Results

As of February 2011, public health laboratories in
20 states have been CaliciNet certified (Figure 1); these
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Figure 1. CaliciNet participating states (gray), nonparticipating
states (white), and 12 states that submitted norovirus-positive
specimens to Centers for Disease Control and Prevention for P2
analysis (stars).

states represent 53% of the US population (34). From the
inception of CaliciNet in March 2009 through May 2010,
552 outbreaks were uploaded to the national CaliciNet
database. Foodborne and person-to-person transmission
were reported for 78 (14%) and 340 (62%) of the outbreaks,
respectively, whereas the transmission route for the 134
remaining outbreaks was not reported.

GII.4 viruses caused 395 (73%) of the 552 outbreaks.
The number of outbreaks increased from 4 in October 2009
to a peak of 110 in January 2010 and then decreased to
31 in May 2010 (Figure 2). A novel GII.4 variant (GIL.4
New Orleans) was first identified in October 2009 and
caused 56% of the outbreaks in November, compared
with 11% caused by GII.4 Minerva. This novel variant
remained the dominant strain in December 2009 and
January 2010, causing 48% and 65% of the outbreaks,
respectively. In February 2010, the number of outbreaks
decreased to 84, but the proportion of GII.4 New Orleans
outbreaks remained high (60%). In March 2010, GII.4 New
Orleans accounted for 75% of the outbreaks. In April, total
outbreaks decreased to 43, with 67% caused by GII.4 New
Orleans and 7% by GII.4 Minerva; in May, total outbreaks
were 31, with 52% caused by GII.4 New Orleans and 13%
caused by GII.4 Minerva.

Because region C and region D analyses are not able
to differentiate genetically closely related GII.4 variants,
we further analyzed the P2 region of 20 GII.4 New Orleans
region D-positive strains from 4 CaliciNet states and
sequenced the complete VP1 gene from a representative
outbreak (Figure 3). Compared with recent GII.4 variants,
GII.4 New Orleans had several amino acid substitutions,
which were located near protruding regions (aa 294 and
396) and HBGA interaction sites (aa 339-341) (Figure 4).
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In addition to the 20 strains from the CaliciNet-
certified laboratories, the P2 region from 75 GII.4 outbreaks
submitted by 12 non-CaliciNet states was sequenced
(Figure 1). Of these, 72 (96%) outbreaks had P2 sequences
with <2% nt difference compared with the prototype GII.4
New Orleans strain. Sequences from 3 outbreaks were
closely related to a GII.4 variant first detected in Australia
in 2008 (Figure 3).

Discussion

The launch of CaliciNet in March 2009 was a milestone
in the surveillance of norovirus gastroenteritis in the United
States. CaliciNet enables standardized genotyping of
norovirus strains, comparison of sequences from outbreaks
that have a common source, and identification of new strains
in real-time. The usefulness of CaliciNet was demonstrated
during the winter of 2009-2010 when the emergence of
a new GII.4 variant (GII.4 New Orleans) was identified.
This new variant caused 60% of the outbreaks and replaced
GII.4 Minerva as the predominant GII.4 strain. In addition,
anew GII.12 strain caused 17% of the outbreaks during the
winter of 2009-2010 (35).

GII.4 New Orleans was first detected in October 2009,
and the proportion of all norovirus outbreaks it caused
increased gradually to >50% during the winter months.
Compared with known GII.4 viruses, GII.4 New Orleans
had several changes in key amino acids in the P2 region
of VP1 and around the sites that have been shown to be
important in HBGA binding (20). Because most GII.4
variants that have been identified since 2004 are conserved
at these sites, it has been speculated that mutations that
change the HBGA binding pattern would decrease the
fitness of the virus (36). During the last transitional period

120
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Figure 2. Gastroenteritis outbreak data submitted to CaliciNet
from October 2009 through May 2010. Pie graphs represent the
proportion of outbreaks reported as norovirus Gll.4 New Orleans
(white), norovirus GIl.4 Minerva (black), and all other norovirus

genotypes (gray).
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when GII.4 Minerva (GII.4 2006b) was identified, another
GII.4 variant was co-circulating (21,37).

CaliciNet uses the same software as the US bacterial
enteric pathogen surveillance network (PulseNet) (38), but
it is customized with plug-ins to add CaliciNet-specific
functionality. CaliciNet uses sequence data, whereas
PulseNet is based on pulsed-field gel electrophoresis
restriction digestion patterns of bacterial enteric pathogens.
Current typing regions of CaliciNet target small regions of
the norovirus genome, which makes it difficult to discern
closely related norovirus strains, although the implications
to human health may be significant. Our data and data from
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Figure 3. Unrooted phylogenetic tree of the P2 region from all
norovirus Gll.4 New Orleans strains submitted to CaliciNet and
identified by region D analysis from October 2009 through May
2010 (A) and of the complete major capsid protein viral protein
1 of selected norovirus Gll.4 variants (B). Numbers on branches
represent bootstrap support out of 100. Symbols represent Gll.4
variant types (nomenclature proposed by NoroNet in parentheses):
black squares, GIll.4 NOLA variant; star, Gll.4 New Orleans
(2010) variant; circles, Gll.4 Minerva (2006b) variant; triangles,
Gll.4 Riviera (2007) variant; and diamonds, Yerseke (2006a)
variant. AUS2008 (GenBank accession no. GQ845367) and
Cairo (accession no. EU876888) are unidentified variant types.
GenBank accession numbers of Gll.4 sequences included in the
analysis: Apeldoorn (AB445395), NOLA (GU270580), New Orleans
(GU445325), Minerva (EU078417), Nijmegen (EF126966),
DenHaag (EF126965), OC07138 (AB434770), SSCS (FJ411171),
Yerseke (EF126963), and CL-CS (EU078419). Scale bars
represent number of nucleotide (A) or amino acid (B) substitutions
per site. P2 sequences can be provided upon request.
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other studies (39) demonstrated that P2 region analysis
enables more sensitive identification of new GII.4 variant
strains compared with currently used CaliciNet regions.
Use of these analyses would increase the sensitivity of
outbreak surveillance to track strains that are part of a single
outbreak and likely to have a common source. Hence, P2 is
under consideration to be included in CaliciNet.

Like CaliciNet, the Foodborne Viruses in Europe
network (FBVE) uses a central database to which users can
submit norovirus sequences (40). Compared with the FBVE
network, CaliciNet focuses primarily on noroviruses, is not
web-based, and is based on a secured network connection
to CaliciNet servers at CDC where the states log on as
clients, enabling them to upload, view, and query outbreak
data submitted by other states. CaliciNet also organizes
training workshops and sends standardized protocols and
annual proficiency panels to its members. The benefit of
the FBVE network is that it can be more easily expanded
to include laboratories outside its network, whereas to date
CaliciNet allows only participants from state and local
health laboratories in the US to participate.

The success of CaliciNet in linking multistate outbreaks
to a common source (e.g., contaminated food) will depend
on joint efforts of state and local epidemiologists to rapidly
identify the likely common source and on CaliciNet
laboratories for the timely upload of outbreak sequences
to the national CaliciNet database. Although CaliciNet
has selected region D as its preferred sequence region, a
region C and soon a P2 region sequence database will be
maintained to enable exchange of information with other
norovirus surveillance networks. Because the region D
assay targets a genetically highly heterogeneous region of
VP1, the performance of this assay will be closely monitored
over time, and necessary changes will be implemented to
improve assay sensitivity and specificity. Future CaliciNet
expansion will include other gastroenteritis viruses, such
as sapovirus and astrovirus, as well as add capability for
CaliciNet members to submit fecal samples from patients
involved in norovirus-negative outbreaks to CDC for further
testing, including novel pathogen discovery sequencing
technologies (18).

CaliciNet launched in March 2009 and helped in the
rapid identification of a new GII.4 variant. P2 analysis
confirmed that this variant was divergent from previous
GIL.4 viruses. The widespread presence of GIL.4 New
Orleans across the US coupled with the decreasing
prevalence of the GII.4 Minerva variant, which has been
the major cause of outbreaks during 2006-2009, suggests
gradual strain displacement. Data from the 2009-2010
winter season showed the importance of CaliciNet and its
future potential for norovirus surveillance in the US. To
enhance norovirus surveillance globally, CaliciNet will
collaborate with other norovirus surveillance networks,
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Figure 4. Amino acid substitutions in the
major capsid viral protein 1 of norovirus New
Orleans Gll.4 strains compared with recent
Gll.4 variants. The P2 hypervariable region
is underlined. *Protruding regions and histo—
blood group antigen interacting sites. Dots
indicate sequence identity.
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such as ViroNet in Canada and the global norovirus
network, NoroNet (15), to better predict or determine
norovirus epidemiologic or outbreak trends. International
surveillance of viral foodborne outbreaks is essential
because of the increasing globalization of the food industry.

Additional members of the Calicivirus network who con-
tributed data (state represented): Chao-Yang Pan, Tasha Padilla
(CA); Justin Nucci, Mary-Kate Cichon (CO); Gregory Hovan
(DE); Precilia Calimlim, Cheryl-Lynn Daquip (HI); Edward
Simpson (IN); Amanda Bruesch, Kari Getz (ID); Jonathan
Johnston, Julie Haendiges (MD); Heather Grieser, John Martha
(ME); Laura Mosher (MI); Elizabeth Cebelinski (MN); Alisha
M. Nadeau, Fengxiang Gao (NH); Ondrea Shone (NJ); Frederick
Gentry (NM); Gino Battaglioli (NY), Eric Brandt, Rebekah Car-
men, Steven York (OH); Andrea Maloney (SC); Amy M. Woron,
Christina Moore (TN); Chun Wang (TX); Valarie Devlin (VT);
Tim Davis, Tonya Danz, and Jose Navidad (WI).
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Spread of Measles Virus
D4-Hamburg, Europe, 2008-2011

Annette Mankertz, Zefira Mihneva, Hermann Gold, Sigrid Baumgarte, Armin Baillot, Rudolph Helble,
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Mick N. Mulders, and Sabine Santibanez

A new strain of measles virus, D4-Hamburg, was
imported from London to Hamburg in December 2008 and
subsequently spread to Bulgaria, where an outbreak of
>24,300 cases was observed. We analyzed spread of the
virus to demonstrate the importance of addressing hard-to-
reach communities within the World Health Organization
European Region regarding access to medical care and
vaccination campaigns. The D4-Hamburg strain appeared
during 2009-2011 in Poland, Ireland, Northern Ireland,
Austria, Greece, Romania, Turkey, Macedonia, Serbia,
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Switzerland, and Belgium and was repeatedly reimported
to Germany. The strain was present in Europe for >27
months and led to >25,000 cases in 12 countries. Spread
of the virus was prevalently but not exclusively associated
with travel by persons in the Roma ethnic group; because
this travel extends beyond the borders of any European
country, measures to prevent the spread of measles should
be implemented by the region as a whole.

he 53 member states of the World Health Organization

(WHO) European Region (EUR) have set a goal to
eliminate measles and rubella virus transmission by 2015
in Europe (1). Elimination targets include 95% vaccination
coverage with 2 doses of measles virus—containing vaccine
(MVCV), an incidence of <1 measles case per million
population, 80% of outbreaks associated with <10 cases,
and transmission of indigenous or imported measles virus
for no longer than 12 months in a defined region (2). Thus,
monitoring transmission chains of measles virus is an
indispensable tool to assess elimination progress, although
the specific boundaries of the region have not yet been
defined for the WHO EUR.

To comply with the goal of eliminating measles
virus, Germany implemented a national intervention
program against measles, mumps, and rubella (MMR) in
1999 (3). Since then, measles incidence in Germany has
declined. Molecular surveillance showed that endemic
genotypes C2 (MVi/Kempten.DEU/23.00) and D6 (MVi/
Berlin.DEU/47.00) (4) were replaced rapidly by genotype
D7 (MVi/Mainz.DEU/06.00), which circulated until the
beginning of 2003 (5). Imported measles virus of genotypes
B3, D4, D5, D6, D8, D9, and H1 appeared in Germany
from 2005 onward. In 2009 and 2010, most cases were
linked to measles virus of genotype D4, of which several
distinct subvariants were detected.
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Elimination targets have not yet been met in Germany.
Vaccination coverage in Germany, routinely assessed
in children 5-6 years of age during an examination
before school entry, is still below the required 95% for
the second dose of MVCV. Recent outbreaks showed an
immunization gap in adolescents and young adults (6).
Consequently, outbreaks still occur in Germany every
year, although recently they have been more limited in
number of cases, length of time, and extent of national
transmission (7,8). A total of 915 measles cases were
reported in 2008, 571 in 2009, and 780 in 2010; incidence
was 7-10 cases/l million population (www3.rki.de/
SurvStat/QueryFormaspx).

The reasons for Germany’s malperformance are
complex. Measles virus vaccination is not mandatory, and
some groups within the German population do not comply
with official vaccination recommendations (9) because of
philosophical or religious beliefs or fear of adverse effects
(10). As in other countries in Europe, strategies to address
hard-to-reach populations and improve access to medical
care, preventive measures, and vaccination campaigns
have not yet been developed. In this article, we describe
exportation of a measles D4 variant from Germany and its
subsequent circulation in Europe.

Material and Methods

Serum, urine, and oral fluid or throat swabs were
sent to the WHO Regional Reference Laboratory in
Berlin according to the procedures outlined in the WHO
LabNet manual (11). Immunoglobulin (Ig) M and IgG
serologic testing was performed as described previously
(12). Sequencing was performed according to WHO
recommendations (13). Sequences were aligned by
ClustalW (14) and further analyzed by SeqScape 2.5 and
MEGA4 DNA analysis software (15). Phylogenetic trees
were constructed by using the neighbor-joining method.
Genotype assignment was performed by phylogenetic
comparison with the measles virus reference strains as
designated by WHO (16). The obtained sequence data,
the genotype, the official WHO measles virus sequence
name, and relevant epidemiologic data were submitted to
the WHO measles sequence database, MeaNS (www.hpa-
bioinformatics.org.uk/Measles/Public/Web_Front/main.
php) or to GenBank.

Results

Outbreak Hamburg/Lower Saxony

At the end of December 2008, a 27-year-old man
residing in the southern part of Hamburg was hospitalized
with measles. Five other adults contracted the virus while
waiting for treatment in the emergency room. The resultant
outbreak first affected a southern quarter (Hamburg-
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Harburg) of the city of Hamburg. It spread subsequently
into a Roma group residing in central Hamburg and to the
neighboring federal state of Lower Saxony. The probable
index case-patient was identified as a 19-year-old Roma
man living in Hamburg. He had stayed in London from May
through November 2008 and became ill at the beginning of
December with measles-like symptoms. The outbreak in
Hamburg lasted from the end of December 2008 through
June 2009 (17); a 4-week peak occurred in February and
comprised 216 cases in the city of Hamburg.

For 69% of the reported cases, the diagnosis
was laboratory confirmed. Complications leading to
hospitalization were seen in 40% of the patients (pneumonia
or otitis media). The affected age group ranged from a
1-day-old newborn to a 54-year-old adult (median age 13.5
years). Most frequently affected were young children, then
young adults. Data with respect to vaccination status were
available for 196/216 case-patients. No vaccination was
documented for 167 persons (85%); 28 had not yet reached
the age of vaccination (>11 months). Twenty-six (13%)
previously unvaccinated persons had received MVCV after
being exposed to measles virus. Three patients had received
2 doses of MVCV. Several of the 216 cases occurred in the
Roma ethnic community.

Seventy-two cases of measles were reported during the
same time in Lower Saxony. Fifty-three cases were clearly
related to the outbreak in Hamburg. The first cases in
Lower Saxony were reported during week 2 (January) and
the last case occurred during week 17 (April) of 2009; the
peak of the outbreak occurred during week 14 (April). The
connection to the Hamburg outbreak was suggested either
by the presence of patients in the emergency department of a
Hamburg hospital at the time in question, an epidemiologic
link, or the result of the sequencing. Many cases occurred
in the Roma ethnic group.

Case-patients ranged from 7 months to 42 years of
age (median age 15 years); adolescents and younger adults
were the main affected age group. Forty-two (79%) case-
patients had received no measles vaccination, 10 (19%) had
received 1 dose of MVCYV, and 1 (2%) had been vaccinated
2 times. In the latter case, primary infection with measles
virus was confirmed by PCR and IgM, but IgG was not
detected. Five patients received vaccination after exposure,
which did not prevent clinical symptoms. Overall, 47 (89%)
of measles cases were confirmed by laboratory testing.
Eleven (21%) case-patients were admitted to a hospital
with complications (e.g., pneumonia, otitis media).

Specimens from 12 cases in Hamburg and 18 cases
in Lower Saxony were genotyped. All case-patients were
infected with the same D4 measles virus variant (MVs/
Hamburg. DEU/03.09/[D4], MVs/Harburg. DEU/06.09/
[D4], and MVs/Wildeshausen.DEU/21.09/[D4]), none of
whichwere published inthe GenBank and MeaNS databases.
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D4-Hamburg showed | mismatch to other D4 measles
virus sequences published in GenBank, MVs/Raichur.
IND/38.06/[D4]), MVi/Kolar.IND/03.07/1[D4], and MVs/
Enfield. GBR/14.07/[D4]; the latter is a strain endemic to
the United Kingdom and responsible for the large outbreak
there during 2007-2009 (Figure 1). Sequences identical to
the Hamburg strain were subsequently identified in London
(MVs/London.GBR/5.09/[D4]).

Transmission to Bulgaria

In April 2009, after an absence of 7 years, measles
cases began occurring in Bulgaria (18). Sequencing of 3
specimens from the National Measles Laboratory in Sofia
identified MVs/Shumen.BGR/15.09/1-3(D4), identical
to D4-Hamburg. The index case-patient in the Bulgaria
outbreak was a Roma who worked as a builder in Hamburg
and who had visited Razgrad district in northeastern
Bulgaria. The outbreak in Bulgaria proceeded from
the northeast to the southwest of the country; in 2009,
a total of 2,249 cases were reported. A marked increase
in case numbers was reported at the end of 2009 and in
the beginning of 2010 (19). From the start of the measles
epidemic in April 2009 through the end of week 10 (mid-
March) of 2011, a total of 24,379 cases were reported; 24
were fatal (20).

The WHO Regional Reference Laboratory in
Berlin received 20 specimens at regular intervals from
hospitalized persons. Genotype information was obtained
for 19/20 case-patients (online Appendix Table, www.
cde.gov/EID/content/17/8/101994-appT.htm). All viruses
detected showed the same sequence (MVs/Shumen.
BGR/15.09/1-3[D4], MVs/Silistra.BGR/21.09/1-4[D4],
MVs/Blagoevgrad.BGR/02.10[D4], MVs/Plovdiv.BGR/
03.10/1-3[D4], MVs/Plovdiv.BGR/23.10/1-5[D4]), and
MVs/VelikoTarnovo.BGR/10.11/1-2[D4]), with the ex-
ception of MVs/Plovdiv.BGR/23.10/6][D4], characterized
by 1 mismatch (Figure 1).

Laboratory Investigation of Measles Virus
Samples from Bulgaria

Measles virus infection was reconfirmed for all 20
case-patients by positive test results for IgM, PCR, or both
(online Appendix Table). Results were correlated with the
clinical data for each case-patient that had been compiled
during hospitalization. For 12 case-patients, vaccination
status was unknown; a 7-month-old baby was unvaccinated.
Seven case-patients (1, 7, 12, 14, 15, 17, and 18) presented
vaccination cards that stated the date of 1 or 2 vaccinations
with MVCV (online Appendix Table). All had positive
IgM and PCR results; 2 had measles virus—specific IgG
(case-patients 7 and 14). IgG avidity testing showed low
avidity and thus a vaccination failure for case-patient 7. The
equivocal IgM and the mediocre avidity of IgG in patient
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14 did not indicate a primary infection. In summary, lack
of immunologic response despite documented vaccination
was apparent in 6 of 7 case-patients.

p |' Montreal CAN/ES-Raf-04
£.033

Hamburg. DEW03.09
Harburg. DELME.09
Shumen BGRM5.091

[ Bucharest. ROUW4E.04M
a0 prag RoUBB.072

I D4-Bucharest

Lodz.POLI27.00
Blagoevgrad BGRIOZ.10
Graz AUTHZ.10
Mannheim.DEWOT.10
Timis.ROUME.10M
Muenchen DEW22.10
Essen.DEUI24.10

Skopje MKDI44.1001
Karlsruhe DEUME.10

[ MuenchenDEU/23.10/2
Veliko Tamovo. BGRADA1H
Karlsruhe DEUN03.09
Wildeshausen.DEUIZ1.09
Wroclaw POLM3.09
Pulawy.POLI28.09
Belfast. GBR/S0.09

Vienna AUTH3.10M
Plovdiv.BGRIZ1.10/ D4-Hamburg
Pyrgos.GRCM9.10
Istanbul TUR/20.10
Vienna. AUTIZ4.10
Kumanove.MKDI35.10/1
Lausanne. CHEN2.11

[— Plovdiv.BGRIZ3.1006
Ghent. BEL/DS.1111
London.GBRI5.08
MNuermnberg.DEW/11.08
Silistra.BGRI21.001
Kerry IRL/42.09/02
Plovdiv.BGRI03. 10/
AmaliaDa.GRCM2.10
Eichstaett. DEUMS.10
Ludwigshafen DEU/21.10
Vienna. AUTIZ3.10
Belgrad SRE24.10
Neumuenster.DELIAT. 1011

Leskovac.SRBI0E.1111
Poitiers. FRAO7.09
Manchester, GBR/10.09

Ravensburg.DEUMT.09
Offenburg. DELV1E.10
Ugento.TAMS.10
Esslingen.DEW16.10

Raichur IND/38.06

001z Kolar INDI03.0701

Enfield. GBRI14.07

0.005

Duesseldorf, DELV0S.09
Figure 1. Phylogenetic relationships between measles viruses of
genotype D4 recently detected in Europe. The measles virus variant
D4-Hamburg initiated a long-lasting transmission chain spreading
to several European countries during 2008-2011. D4-Hamburg
belongs to the D4-Enfield lineage, which is genetically distinct from
the previously widespread lineage D4-Bucharest. Phylogenetic
analysis is based on a 456-nt sequence encoding the C-terminus of
the measles virus nucleocapsid protein. The tree was constructed
by the neighbor-joining method by using MacVector version 11.1.2
software (www.macvector.com). Scale bar indicates number of 5-nt
deviations per 1,000-nt sequence. GenBank accession numbers
are available online (www.cdc.gov/EID/content/17/8/101994-F1.
htm).
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Transmission of D4-Hamburg Strain in Europe

WHO Regional Reference Laboratories in Berlin,
Luxembourg, and London receive either specimens or
sequence information from the national measles laboratories
of 41 European countries. Sequencing of the 450-nt
fragment of the N gene showed that the D4-Hamburg strain
had further spread in Europe (Figure 2). Samples taken
in Poland during the summer of 2009 showed infection
with a virus identical to D4-Hamburg (Figure 1); a total
of 54 cases were recorded during 2009, the first in June
and the last in October. All were linked to 3 outbreaks
among Roma residents in the towns of Lodz, Pulawy,
and Olpole Lubelskie (MVs/Lodz.POL/27.09[D4], MVs/
Pulawy.POL/28.09[D4]) (21). The virus was also exported
to Ireland (MVs/Kerry.IRL/40.09[D4]) from the Roma
population and from there into Northern Ireland (MVs/
Belfast. GBR/50.09[D4]), with small clusters of associated
cases in both countries.

In Austria, 4 cases classified as D4-Hamburg—
associated were detected in March and June 2010. A
first sporadic case occurred in Graz in March. A person
of Bulgarian nationality who was a member of the Roma
ethnic group was infected; he was staying in Austria at the
time (MVs/Graz. AUT/12.10[D4]). Three additional cases
belonged to a cluster observed among persons in Vienna
who spoke Bulgarian (MVs/Vienna. AUT/13.10[D4], MVs/
Vienna.AUT/23.10[D4], MVs/Vienna.AUT/24.10[D4]).
D4-Hamburg was also seen in Greece, where the first
cases and clusters at the beginning of 2010 were identified
among families of Roma communities of Bulgarian
nationality (MVs/Amaliada.GRC.12.10[D4], MVs/Pyrgos.
GRC/19.10[D4]). The virus was then spread to persons
of Greek nationality, mainly from Roma communities,
reaching 91 laboratory-confirmed measles cases in 2010.
Moreover, 2 sporadic cases of D4-Hamburg were observed
in 2010 in Romania (MVs/Timis.ROU/18.10/1[D4]).

In Turkey, D4-Hamburg was detected in a tourist who
stayed in Romania and Bulgaria before visiting Turkey
(MVs/Istanbul. TUR/20.10/[D4]). In Serbia, D4-Hamburg
was detected in a person with a sporadic case (MVs/Belgrad.
SRB/24.10/[D4]) and in the Roma population during an
outbreak in Leskovac (MVs/Leskovac.SRB/08.11/1[D4]);
13 persons were infected, of which 3 were hospitalized.
The index case-patient was a person who returned at the
end of November from Germany (Duisburg). Nearly 400
cases were detected in Macedonia (MVs/Kumanovo.
MKD/35.10/1[D4], MVs/Skopje.MKD/44.10/1[D4]). Al-
though we cannot be sure that D4-Hamburg is the only
virus contributing to the current outbreaks in Serbia and
Macedonia, ongoing transmission of D4-Hamburg is
indicated by the recent detection of a sporadic case of D4-
Hamburg in Switzerland (MVs/Lausanne.CHE/02.11[D4];
this person probably became infected in Serbia) and
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Figure 2. Transmission of the D4-Hamburg measles virus strain
in Europe, 2008-2011. Arrows mark transmission with known
epidemiologic link; ellipsoids mark detection without verified
epidemiologic data. IRL, Ireland; GBR, Great Britain; BEL, Belgium;
DEU, Germany; POL, Poland; CHE, Switzerland; AUT, Austria;
ROU, Romania; SRB, Serbia; BGR, Bulgaria; MKD, Macedonia;
GRC, Greece; TUR, Turkey.

by an outbreak of >40 cases in Belgium (MVs/Ghent.
BEL/09.11/1[D4]).

Reimportation of the D4-Hamburg Strain to Germany

In 2010, D4-Hamburg measles virus was reimported
to Germany. It appeared first in February in Mannheim,
where specimens from 3 case-patients showed a
sequence identical to D4-Hamburg (MVs/Mannheim.
DEU/07.10[D4]). The virus was introduced by 8 persons
from Bulgaria who belonged to a Turkish-speaking
minority population, had acquired the infection in Dobrich
(Bulgaria), and transmitted the virus to 3 relatives who
were living in Mannheim. During June-August 2010, 48
measles cases were reported in Munich; 28 cases occurred
among Bulgarian Roma residents in a migrant camp in
eastern Munich. Several of these residents worked as
cleaning staff at hotels in Munich. From these persons and
other hospitalized members of the affected Roma group,
the virus spread into the general population.

The age of case-patients in Munich ranged from
9 months to 36 years; 7 case-patients were <7 years of
age, and 23 were >18 years of age. One case-patient was
hospitalized because of encephalitis. Interviews with the
help of an interpreter showed that none of the case-patients
had MMR vaccination documents. Therefore, vaccination
was offered to all inhabitants of the camp. Twenty-eight
cases were investigated at the WHO Regional Reference
Laboratory in Berlin. Twenty-three cases were associated
with  MVs/Muenchen.DEU/22.10[D4] identical with
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D4-Hamburg, and specimens from 5 members of the
same group were closely related to MVs/Muenchen.
DEU/23.10/2[D4]. Moreover, clusters and sporadic cases
of D4-Hamburg were detected in several German cities,
e.g., Eichstaett (2 cases, MVs/Eichstaett. DEU/18.10[D4])
and Ludwigshafen (1 case, MVs/Ludwigshafen.
DEU/21.10[D4]) in May 2010. These cases were linked
to importation of D4-Hamburg from Bulgaria and did
not initiate virus spread within Germany. The same virus
variant was also detected in a cluster of cases observed in
the city of Essen during June—July 2010. This variant was
imported from Bulgaria by a citizen of Bulgaria (MVs/
Essen.DEU/24.10[D4]) and spread to another citizen of
Bulgaria (MVs/Essen.DEU/25.10/1[D4]) and 6 persons
of the general population (MVs/Essen.DEU/25.10/2[D4],
MVs/Essen.DEU/28.10[D4]).

From week 47 (the end of November) on, 8 cases of
infection with D4-Hamburg occurred in Neumuenster
in northern Germany. This outbreak occurred in a home
for migrants mainly from Afghanistan and Serbia (MVs/
Neumuenster.DEU/47.10/1[D4]). From week 48 on, 6
cases were seen in another home for migrants in Karlsruhe
(MVs/Karlsruhe.DEU/48.10[D4]).

Discussion

A combination of epidemiologic data and genotyping
results enabled us to trace the spread of measles virus D4-
Hamburg in Europe. It was imported from London at the end
of 2008 to northern Germany (288 cases), then transmitted
from Hamburg to Bulgaria, where, after a 7-year absence
of measles, an outbreak of 24,379 cases occurred. This was
the largest outbreak seen in Europe since an outbreak in the
Ukraine in 2006 (22).

Twenty cases from the outbreak in Bulgaria were
sampled at different times (April and June 2009, January
and June 2010, and March 2011) from persons in
distinct districts. The samples were collected initially in
northeastern and later in southwestern Bulgaria, thereby
following the course of the outbreak. The cases were
associated with measles virus sequences such as MVs/
Shumen.BGR/15.09[D4], corresponding to D4-Hamburg.
The only exception was MVs/Plovdiv.BGR/23.10/6[D4],
which showed 1 mismatch but in all probability developed
from MVs/Plovdiv.BGR/23.10/1-5[D4]. Because the
samples had been obtained at different times and regions,
our analysis provides substantial evidence that D4-
Hamburg is responsible for the outbreak in Bulgaria,
despite the small number of samples. Samples from 6 of 7
persons showed diagnostic markers of a primary measles
infection, although these persons had a certificate of prior
measles vaccination. Our results therefore demonstrate an
urgent need to investigate the vaccination procedures for
ethnic minorities.
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D4-Hamburg was detected subsequently in Poland (54
cases) (21), Ireland, Northern Ireland, Austria (4 cases),
Greece (149 cases) (23), Serbia (14 cases), Belgium (>40
cases), and Macedonia (>400 cases). Sporadic cases were
detected in Romania, Turkey, and Switzerland. More
than 70 D4-Hamburg—associated cases were detected in
Germany after 8 separate reimportations. Taken together,
D4-Hamburg was present in Europe from December 2008
to March 2011—that is, at least 27 full months—and
caused >25,300 cases. Because sequencing results are not
available quickly in most countries, this transmission chain
is probably still ongoing. Circulation of imported measles
virus for no longer than 12 months (and therefore endemic
transmission according to the WHO definition) is a marker
for successful elimination. We suggest, therefore, that the
length of a given transmission chain should not be assessed
on a national level but at the level of the all 53 countries
within the WHO EUR.

Epidemiologic data showed that the spread of D4-
Hamburg across Europe involved predominantly persons
from the Roma ethnic group in Bulgaria. Another
transmission chain affecting the Roma population
in particular was recorded in 2004 in Romania. An
outbreak of >8,000 cases associated with MVs/Bucharest.
ROU/48.04[D4] commenced in the Roma population.
Subsequent spread of D4-Bucharest by traveling Roma
persons was observed until 2007 (4). The pronounced
sequence deviation of D4-Bucharest and D4-Hamburg
indicates the presence of at least 2 distinct and successive
transmission chains in the Roma population. Both chains
were long lasting and associated with a high number of
cases, as well as several fatalities. This and other recent
outbreaks in Roma communities (7,24,25) underline the
need for the development of strategies to address this
ethnic minority at the regional level and to improve their
integration into the respective national health services.

The lack of strategies to address reaching the hard-to-
reach communities in Europe will clearly have an adverse
effect on the measles elimination process. In this context,
we want to make clear that elimination of measles virus
should not be seen exclusively as a Roma-associated
problem. Measles virus is a highly infectious agent and will
infect any population with low immunity rates. If itinerant
groups are underserved by the national health sector, spread
of measles virus is highly probable. Because measles
outbreaks in western European countries occur mainly in
undervaccinated groups (26), reaching the hard-to-reach is
not the only important challenge. Thus, closing vaccination
gaps in a setting of optional vaccination and vaccine
skepticism is another important prerequisite that must be
met on Europe’s path toward elimination of measles virus.
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with high rates of illness and death. We retrospectively
analyzed specimens confirmed positive for HAdV by
immunofluorescence, virus culture, or real-time PCR during
July 1, 2009-July 31, 2010, and describe 9 cases of HAdV-
14p1 infection with characteristic mutations in the fiber and
E1A genes that are phylogenetically indistinguishable from
the viruses previously detected in the United States. Three
patients died; 2 were immunocompromised, and 1 was
an immunocompetent adult. We propose that surveillance
should be increased for HAdV-14p1 and recommend that
this virus be considered in the differential diagnosis of
sudden-onset acute respiratory disease, particularly fatal
infections, for which an etiology is not clear.
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Human adenoviruses (HAdVs) were identified
independently by 2 groups during the early 1950s
(1,2). HAdVs are nonenveloped, linear double-stranded
DNA viruses encapsidated within a protein shell and
have been categorized into 6 species (A-F) that contain
51 immunologically distinct serotypes (3). HAdVs most
commonly cause acute respiratory disease; however,
depending on the infecting HAdV serotype and tropism
resulting from differential host receptor use, the wide
variety of symptoms can include pneumonia, febrile
upper respiratory illness, conjunctivitis, cystitis, and
gastroenteritis (4). The severity of disease appears dependent
on the immunocompetence and cardiopulmonary health
of the host, and the spectrum of disease can range from
subclinical to severe respiratory distress and death (4).
Immunocompromised patients (especially bone marrow
transplant [BMT] recipients) are particularly susceptible
to HAdV infection, resulting in severe illness and deaths,
whereas illness in immunocompetent patients generally
resolves without major complication.

HAGJV species B comprises 2 subspecies: B1 (including
HAdV-3, -7, -16, -21, and -50) and B2 (HAdV-11, -14,
-34, and -35). The subspecies B2 HAdV-14 (agent de Wit)
was originally identified as an etiologic agent of acute
respiratory disease in military recruits in the Netherlands
during 1955 (5). Despite reports of subsequent outbreaks
in Europe and Asia during the 1950s and early 1960s (6),
global surveillance in the subsequent decades had not
identified circulation of this serotype until spring 2006,
when HAdV-14 emerged as a cause of a major proportion
of acute febrile respiratory illness in military bases across
the United States (7-9). In 2007, community-associated
outbreaks were identified in California and New York (10),
and during March—June 2008, ~140 cases of HAdV-14
were identified in Oregon, Washington, and Texas. Overall,
38% of patients were hospitalized, 17% were admitted to
intensive care units, and 5% died. During September 2008,
an outbreak was reported with 32 cases of pneumonia on
Prince of Wales Island off the coast of Alaska (11). In the
United States, the earliest documented case of HAdV-14
infection, by retrospective testing, occurred in California
during December 2003, and the most recent evidence of
HAdV-14 had been in Pennsylvania during June 2009 (7).
The virus has circulated uninterrupted in some military
recruit camps (A.E. Kajon, unpub. data).

Sequence analysis of the fiber gene of HAdV-14
associated with the recent outbreaks has shown a 6-bp
deletion resulting in a 2-aa deletion (lys-glu) at positions
251 and 252 in the knob region compared with the de
Wit HAdV-14p prototype strain (10). The 252glu site is
conserved in all other species B HAdVs and is located in
the F-G loop of the fiber protein knob near a putative host
receptor binding site. Further sequencing of the hexon gene
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hypervariable regions 1-7 and the E1A genes demonstrated
that this emerging HAdV-14 was clearly separable from
the reference strain de Wit (genome restriction type HAdV-
14p) (9,11). This new genomic variant has been designated
HAdV-14pl on the basis of novel restriction profiles.
Viral receptor binding and internalization studies that used
recombinant HAdV-14pl fiber regions containing the
2-aa deletion did not demonstrate substantial phenotypic
differences between the new agent and the prototype virus
(12). This finding suggests that HAdV-14pl could be an
immune escape mutant that has lost a potential neutralizing
epitope, has modified postinternalization steps, or has
enhanced binding to host cells through a yet-unidentified
viral receptor.

However, no evidence suggests that HAdV-14pl
has reemerged because of altered virulence. Despite the
mutations in the fiber and EIA genes, no other genetic
differences with the prototype HAdV-14 clearly explain
differing disease severity in US outbreaks (13). This
observation suggests that reemergence of this agent might
be more likely to have resulted from spread of an infectious
agent in immunologically naive populations and changes in
the rate of specific immunity in host populations over time.
The recent whole-genome analysis of HAdV-14p! in mild
and severe infections supports this idea (13). In addition,
reports of recent HAdV-14 and HAdV-14-11 outbreaks
in Asia and the United States have detailed similar
dynamics (14,15). The observed characteristics (including
periods of little activity punctuated by distinct outbreaks
with occasional severe disease and death) may simply be
the natural pattern of adenovirus species B2 respiratory
pathogens.

Whether HAdV-14p1 had circulated elsewhere before,
or at the same time as, the outbreaks in the United States
and whether it is currently circulating in Europe is unclear.
In this report, we show that recent infection and deaths
associated with HAdV-14pl infection have occurred in
Ireland and that this virus is genetically indistinguishable
from HAdV-14pl described in the United States.

Materials and Methods

Study Period

The study period was July 1, 2009—July 31, 2010. The
study comprised 29 cases confirmed adenovirus positive by
indirect immunofluorescence assay (IFA), viral culture, or
real-time quantitative PCR (qPCR) at the National Virus
Reference Laboratory (NVRL, Dublin, Ireland).

Virus Culture and Restriction Enzyme Analysis

HAdVs were cultured at NVRL and Lovelace
Respiratory Research Institute (Albuquerque, NM, USA).
Isolates were passaged once in human embryonic lung
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carcinoma cells in 25-cm? flasks for detection of cytopathic
effects and then subsequently expanded in 75-cm? flasks
for extraction of viral DNA for restriction enzyme analysis
as described (16). Viral DNA was digested with the same
panel of endonucleases used to characterize the North
American strain of HAdV-14 (7).

Indirect Imnmunofluorescence

We performed IFA for influenza A virus, influenza
B virus, parainfluenza viruses 1-3, respiratory syncytial
virus, and HAdV. We used the respiratory virus panel kit
(Biotrin, Dublin, Ireland) and followed the manufacturer’s
instructions.

Molecular Analysis

We performed qPCR for HAdV as described (17).
Adenoviruses were initially typed by using partial hexon
gene sequencing as described (17,18). We extracted 200
uL of serum, plasma, or nasopharyngeal aspirate by using
the QIAamp DNA Mini Kit (QIAGEN, Crawley, UK)
according to the manufacturer’s instructions or by using
the MagNA Pure automated extraction platform (Roche,
Lewes, UK) with an external lysis step. The final elution
volumes for both methods was 50 pL. Real-time PCR
specific for HAdV-11 and HAdV-14 (19) provided by the
Centers for Disease Control and Prevention (Atlanta, GA,
USA) was performed by using the ABI7500 SDS platform
(Applied Biosystems, Foster City, CA, USA) with 5 uL
of template and the Platinum qPCR SuperMix-UDG kit
(Invitrogen, Paisley, UK) with 0.5-umol/L forward and
reverse primers and 0.1-pmol/L probe labeled at the 5" end
with 6-carboxyfluorescein and a 3’ quencher dye in 25-uLL
single-plex assays performed with the following cycling
conditions: 50°C for 2 min, then 95°C for 2 min, followed
by 45 cycles of 95°C for 15 sec and 60°C for 1 min, with
data acquisition in the anneal/extension phase. Complete
HAdV-14 fiber, E1A, and hexon genes were amplified as
described (7) and sequenced bidirectionally. Nucleotide
sequence data for HAdV-14pl fiber, E1A, and hexon genes
were submitted to GenBank (accession nos. HQ163915,
HQ163916, and HQ265808).

Phylogenetic Analysis

The fiber, E1A, and hexon genes of the Ireland HAdV-
14pl strains were compared with recently described
US HAdV-14pl strains (7) and reference sequences
from HAdV B2 subgenera obtained from GenBank. The
accession numbers for all sequences are included on the
tree (Figure 1). Lasergene version 8 (DNASTAR, Madison,
WI, USA) was used for contiguous assembly (20), and
the sequences were aligned by using ClustalW (21)
implemented in Bioedit version 7.05 (22). Phylogenetic
trees were constructed by using the maximum-likelihood
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Figure 1. Maximum-likelihood trees of the full-length fiber (A),
E1A (B), and hexon (C) open reading frames of adenovirus
B2 subgenera. Phylogenetic analysis was performed by using
reference sequences from GenBank for the adenovirus B2
subgenera, including prototype reference strains. The query
sequences from this study are identical and are represented in
boldface. The tree was built in PAUP* (23) on the basis of the
HKY85 model of evolution and for the fiber tree also with a
distribution and used midpoint rooting. Bootstrap resampling
(n =1,000) was performed by using the neighbor-joining algorithm.
Scale bars indicate nucleotide substitutions per site.
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method under the HKY85 substitution model that used
PAUP* version 4.0 B 10 (23), and bootstrapping with
1,000 replicates was used to analyze the stability of the tree

topology.

Results

We retrospectively tested clinical specimens received
by NVRL from 29 patients with positive results for HAdV
by IF, virus culture, or qPCR during the study period
by using specific HAdV-11 and -14 real-time assays.
All 29 samples were negative for HAdV-11; however,
9 (31%) samples tested positive for HAdV-14 (Table).
All patients sought care or were previously hospitalized
during November 2009-July 2010. Of the 9 patients,
7 (78%) were male, 6 (67%) patients were <4 years of
age, and the remaining 3 patients were >34 years of age.
No epidemiologic links were known between any of the
patients. No geographic clustering was observed; the cases
were distributed throughout Ireland and involved several
hospitals. All respiratory samples were IFA negative for
the following respiratory viruses: influenza A, influenza
B, parainfluenza viruses 1-3, and respiratory syncytial
virus. Our earliest identified HAdV-14—positive specimen
(November 10, 2009; case-patient 1 in Table) was positive
for influenza A virus by real-time reverse transcription
PCR and confirmed as pandemic influenza A (HIN1) 2009
on October 29. No influenza A was detected in a specimen
from this patient on November 8 and a nasopharyngeal
aspirate collected 2 days later; however, this later specimen
was positive for HAdV-14.

Fiber, E1A, and hexon gene sequences derived from
the 9 HAdV-14 case-patients from Ireland during the
study period were 100% identical for each gene analyzed.
These sequences were then compared with subspecies
B2 HAAV reference sequences from GenBank, including
the prototype de Wit strain, HAdV-14p (5). Phylogenetic

Human Adenovirus-14p1 Infections

analysis demonstrated that the Ireland and US HAdV-14pl
fiber, E1A, and hexon sequences formed a monophyletic
group (Figure 1, panels A—C). The sequences from Ireland
were 100% identical in the fiber, E1A, and hexon open
reading frames (ORFs) to the recently described HAdV-
14p! strains isolated in the United States during 2003—
2009 (7-9).The fiber ORF sequences analyzed from the
isolates from Ireland were 972 nt, and all contained the
6-nt deletion identified in the recent US HAdV-14p1. This
deletion, unique among HAdV B2 strains, corresponds to
amino acid residues lysine and glutamic acid (AAA/GAA)
at codon positions 251/252 located in the F-G loop of
the fiber protein knob. Other than this deletion, the fiber
sequences were highly conserved and had 99.3% nt identity
to the HAdV-14p de Wit type strain, 99.1% identity to the
11a strains, 99% identity to the Spain 11a/14 strain in 1969,
and only 93%-94% similarity to the HAdV-11p strains.
The de Wit prototype strain had 99%-99.1% identity to the
Spain 11/14 strain 273 from 1969 and other 11a strains,
which have been identified as intertypic recombinants with
aHAdV-11 hexon gene and a HAdV-14-like fiber gene (7).

The 870 bp of the E1IA ORF from the Ireland
sequences had higher sequence identity to HAdV-1la
strains (99.8%) and the prototype HAdV-14p de Wit
strain (99.1%) than to HAdV-11p strains (97%) or any
other HAAV B2 reference strains. Furthermore, the
Ireland E1A sequences contain a 3-nt insertion, GTG,
which is also present in all of the 11a and 14p1 strains but
not in the 14p strains. The HAdV-14pl E1A sequences
were most closely associated with the 11a sequences from
Taiwan, Singapore, Spain, and the United States, and the
fiber sequences from Ireland clustered close to the 1la
and 14p sequences. The hexon ORFs analyzed from the
samples from Ireland were 2,838 nt and were almost
identical (99.86%) to the prototype HAdV-14p de Wit
strain. Compared with the E1A and fiber gene sequences,

Table. Clinical characteristics of patients with confirmed HAdV-14p1, Ireland, July 1, 2009—July 31, 2010*

Case Sample

no. Age/sex Location date Sample type Previous condition Clinical characteristics Outcome

1 4 yIM Dublin 2009 Nov NPA Pierre Robin syndrome Fever, tachypnea, cough Survived

(craniofacial abnormality)

2 7 mo/M Dublin 2010 Mar NPA None known Bronchiolitis Survived

3 1mo/M  Dublin 2010 May NPA None known Bronchiolitis, diarrhea, vomiting  Survived

4 8 d/F Dublin 2010 May Serum (x2), Preterm birth at 35 weeks’ Hypotonic, abnormal LFT Died
urine gestation results

5 46 y/F  Kilkenny 2010 May  Other/lung Smoking, high BMI Community-acquired Died
biopsy pneumonia, sepsis

6 34 yIM Dublin 2010 May BAL Post-BMT, neutropenic Unilateral pulmonary infiltrate, Died

fever

7 4 mo/M Dublin 2010 Jul NPA None known Bronchiolitis, diarrhea, vomiting  Survived

8 14 d/M Cork 2010 Jul  Plasma (x2) None known ARDS Survived

9 48 y/M Dublin 2010 Jul BAL HIV+ (RNA <50) HCV+ (RNA Pneumonia Survived

not detected); CD4 436 (15%)

*HAdV-14p1, human adenovirus serotype 14p1; NPA, nasopharyngeal aspirate; LFT, liver function test; BMI, body mass index; BAL, bronchoalveolar
lavage; BMT, bone marrow transplant; ARDS, acute respiratory distress syndrome; +, positive; HCV, hepatitis C virus; CD4, CD4 cells/mL.
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in the hexon region the Ireland sequences exhibited much
lower sequence identity to the HAdV-11a and -11p strains
analyzed in the study; the HAdV-11la and -11p hexon
genes were much more similar to each other and branched
separately on the tree (Figure 1, panel C). Viral DNA
extracted from each of the 8 isolates of HAdV-14 yielded
profiles identical to each other and identical to those
reported for the North American strain of HAdV-14. The
Ireland isolates were therefore identified as corresponding
to genome type 14pl on the basis of the distinct Bcll,
BstEIIL, and Pstl restriction patterns (Figure 2).

Of the 9 HAdV-1l4pl-infected patients, 8 (90%)
had respiratory symptoms: pneumonia was diagnosed
for 4, bronchiolitis for 3, and acute respiratory distress
syndrome (ARDS) for 1. The other patient (case-patient 4;
a premature infant born at 35 weeks) was hypotonic at birth
with abnormal liver function (Table). Major underlying
medical conditions were reported in 4 patients: a BMT
recipient; a premature neonate; a patient co-infected
with HIV and hepatitis C virus; and a patient with the
craniofacial abnormality Pierre Robin syndrome, who had
a prior tracheostomy and percutaneous enteral gastrostomy.
ARDS developed in the BMT recipient (case-patient 6) 56
days posttransplant; lymphocyte count had not recovered
and was at undetectable levels (<0.3/mm?). The patient
co-infected with HIV and hepatitis C virus was receiving
antiretroviral therapy and had undetectable HIV RNA
(<50 copies/mL), a CD4 count of 436 cells/mL (15%),
and a resolved hepatitis C virus infection. No underlying
conditions were reported for the 5 remaining patients.
Three patients died in May 2010: the premature neonate,

Figure 2. Comparative restriction enzyme analysis of viral DNA
extracted from the prototype human adenovirus (HAdV) 14 de
Wit strain and the first detected HAdV-14 case isolated in Dublin,
Ireland, November 2009. All odd-numbered lanes (e.g., 1, 3)
contain the de Wit strain and all even-numbered lanes (e.g., 2, 4)
contain the Dublin 2009 strain, with restriction enzyme digests as
follows: lanes 1 and 2 with BamHlI; lanes 3 and 4 with Bcll; lanes
5 and 6 with Bglll; lanes 7 and 8 with BstEll; lanes 9 and 10 with
Dral; lanes 11 and 12 with Hindlll; lanes 13 and 14 with Pstl; lanes
15 and 16 with Smal; lanes 17 and 18 with Xbal. Outer lanes are
molecular markers (1 Kb +100 bp; BioRad, Hercules, CA, USA).
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the BMT recipient, and a 46-year-old woman. The woman
had no known notable medical history but had a high body
mass index and smoked cigarettes (Table). Two patients
(case-patients 4 and 8) received extracorporeal membrane
oxygenation. Case-patient 4 had a natural killer (NK) cell
deficiency and died. The nature of the NK cell defect in the
premature infant was not defined, and bone marrow was
analyzed with no pathologic findings noted. Leukocyte
screen, however, showed a lack of NK cells; additional
screen for immunodeficiencies (such as severe combined
immunodeficiency) proved inconclusive, and a human
leukocyte antigen—B57—negative haplotype was recorded.
Case-patient 8, however, for whom ARDS had been
diagnosed, received prolonged (>6 weeks) extracorporeal
membrane oxygenation and recovered. Four patients had
an unremarkable full recovery.

Of the 9 patients positive for Ireland HAdV-14pl,
serum or plasma samples of 2 were submitted for HAdV
DNA quantification. The preterm infant (case-patient 4)
had a HAdV load in serum of 8.18 log  viral genomes/mL,
and the infant with ARDS (case-patient 8) had a plasma
adenoviral load of 8.83 log  viral genomes/mL. The
immunocompetent 46-year-old woman (case-patient 5) had
a viral load of 4.80 log,, genomes/g from a postmortem
lung biopsy specimen.

Discussion

We have demonstrated that the HAdV-14pl strain
first identified in the United States is now circulating in
Ireland and is associated with substantial illness and with
3 deaths: a BMT recipient, a neonate, and (most notably)
an immunocompetent, apparently otherwise healthy
adult. The role of HAdV-14p1 in the deaths remains to be
elucidated because 2 of the 3 deaths occurred in substantially
immunocompromised ~ patients.  Conversely,  other
patients who were also immunocompromised recovered
unremarkably, and fatal severe pneumonia and ARDS are
known to occur in immunocompetent adults infected with
other HAAV serotypes (24). Nevertheless, of concern in the
cohort described here is the third death, which occurred in a
previously well patient. The immunocompetent woman was
a smoker, and smoking has been identified as an independent
risk factor possibly facilitating transmission of HAdV-14p1
(11). However, the low rate of infections (5%) observed
by Esposito et al. (11) in household contacts of persons
infected with the emerging virus suggests that infection is
unlikely to spread in the community. Efficient transmission
of HAdV-14p1 appears to require close physical contact, as
supported by the observation that in barracked communities
used for military trainees in the United States, antibody titers
demonstrated recent exposure after entry to the facility (25).
Of interest in the HAdV-14pl cases identified in the present
study is the higher frequency of male patients (78%) infected;
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this observation has been reported by other groups (19,26),
although the numbers identified in our study are insufficient
to make definitive conclusions. Previous reports have noted
that prior vaccination with HAdV-7, a subspecies B1 virus,
of military recruits may confer cross-protection, presumably
from heterotypic immunity, and that this vaccine could
potentially be used to reduce HAdV-14pl disease severity
(27,28). Trei et al. have reported on the spread of HAdV-
14 in 2007 from a large military training facility in Texas
to secondary sites across the United States and to South
Korea, despite the institution of active surveillance for acute
respiratory disease and prevention and control measures
(29). Despite evidence of decreased spread from military
personnel to family members outside the training population,
many recent military graduates may have been asymptomatic
and incubating the virus, which presents a possible scenario
for the subsequent dissemination of this virus.

Our findings suggest that clinicians and other health
care workers should consider HAdV-14p1 in the differential
diagnosis of community-acquired pneumonia. No evidence
indicates that HAdV-14pl infection is substantially more
severe than that by other HAdV serotypes; however, we
propose increased surveillance for this emerging agent
in Europe and elsewhere in immunologically naive
populations. In addition, we suggest the retrospective
investigation of HAdV-positive specimens for HAdV-
14p1, particularly from untyped viruses from patients who
had severe disease and who died without an established
etiology to help determine the time and location of
reemergence of this HAdV in Europe.
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Case-Control Study of Risk Factors
for Hospitalization Caused by
Pandemic (H1N1) 2009

Kate A. Ward, Paula J. Spokes, and Jeremy M. McAnulty

We conducted a case—control study to identify risk
factors for hospitalization from pandemic (H1N1) 2009
virus infection among persons >16 years of age in Sydney,
Australia. The study comprised 302 case-patients and 603
controls. In a logistic regression model, after adjusting for
age and sex, risk factors for hospitalization were pregnancy
(odds ratio [OR] 22.4, 95% confidence interval [CI] 9.2—
54.5), immune suppression (OR 5.5, 95% Cl 2.8-10.9), pre-
existing lung disease (OR 6.6, 95% CI 3.8-11.6), asthma
requiring regular preventive medication (OR 4.3, 95% CI
2.7-6.8), heart disease (OR 2.3, 95% CI 1.2—4.1), diabetes
(OR 3.8, 95% CI1 2.2-6.5), and current smoker (OR 2.0, 95%
Cl11.3-3.2) or previously smoked (OR 2.0, 95% CI 1.3-3.0).
Although obesity was not independently associated with
hospitalization, it was associated with an increased risk of
requiring mechanical ventilation. Public health messages
should give greater emphasis to the risk for severe disease
among pregnant women and smokers.

he emergence of pandemic (HIN1) 2009 virus (1,2)

was associated with a large increase in the number
of persons requiring hospitalization for severe influenza
disease in many parts of the world (3-5). In response, in
an effort to reduce the impact of the pandemic on their
communities and health services, public health agencies
developed recommendations for persons at increased
risk for disease to seek early treatment. However, these
recommendations were based on studies of seasonal
influenza (6-10) and descriptive case reports (11-20).

The first cases of pandemic (HINI) 2009 infection
from New South Wales (NSW) were reported in May 2009.

Author affiliation: New South Wales Department of Health, Sydney,
New South Wales, Australia

DOI: 10.3201/eid1708.100842
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In NSW, laboratories were required to notify all pandemic
(HINT) 2009 diagnoses to the NSW Department of Health
under Public Health Act 1991 (21). Australian public
health management protocols recommended laboratory
testing for all persons with influenza-like illness (fever and
cough or sore throat) admitted to a hospital (22). Public
health follow-up was required to ascertain hospitalization
status for all notified cases at the time of diagnosis; this
information was collated on a statewide database. Within
Sydney, the capital city of NSW (population 4.4 million),
there are 4 Area Health Services (AHSs) responsible for the
provision of local public health and clinical services.

By the end of June 2009 (before a vaccine was
available), community transmission was widespread
in Australia, and public health efforts were focused on
protecting those at greatest risk for severe disease. The
groups considered most vulnerable were pregnant women;
indigenous people; very obese persons; persons with pre-
existing chronic medical conditions, including lung, heart,
and kidney disease; and persons with blood, metabolic or
neurologic disorders, immunosuppressive conditions, or
asthma (23). Persons in these risk groups and those with
severe disease were urged to seek medical attention early if
influenza-like symptoms appeared. Doctors were provided
with free antiviral medication for patients who were seen
within 48 hours of symptom onset. A vaccine became
publicly available for distribution in September 2009.
To help reach populations who would most benefit from
prevention and early intervention, we sought to identify
independent risk factors for moderate to severe disease
from pandemic (HIN1) 2009 infection among adults and
to describe the characteristics of those who sought early
medical treatment to determine the effectiveness of public
health messages.
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Methods

The study population was defined as persons >16
years of age residing in metropolitan Sydney during July
1-August 31, 2009. All interviews were conducted during
September and October 2009.

Cases

We defined a case as a person with influenza-like
illness admitted (for a minimum of an overnight stay) to a
Sydney metropolitan hospital from July 1 through August
31, 2009, who had laboratory confirmation of pandemic
(HINT) 2009 by PCR that was notified to the Department
of Health. Patients <16 years of age or residing outside
metropolitan Sydney were excluded from the study because
we assumed the threshold for hospital admission may have
been different for this age group and for patients in regional
and rural areas. To ensure complete case ascertainment, all
cases notified in the study period were cross-matched with
the Department of Health database containing all hospital
admissions in NSW for the study period; additional
identified cases were included in the study. If case-patients
were not able to complete a telephone interview because
of ill health or disability, another household member
completed the interview on their behalf. Up to 30 attempts
were made to contact case-patients by telephone.

Case—Control Study

In a case—control study, we compared demographic
and health information reported by case-patients with
those of controls. We defined a control as a person >16
years of age residing in metropolitan Sydney who had
not been hospitalized for influenza in 2009. Telephone
numbers (stratified by AHS) were used to randomly select
potential control households. Within each AHS in Sydney,
we selected 2 households per case. A single control was
randomly selected from within each selected household for
interview. Up to 12 attempts were made to contact selected
households. Fewer attempts were made to contact controls
than case-patients as a result of random-digit generation
methods described in detail elsewhere (24). The age and
sex distribution of participating controls was compared
with that of the metropolitan Sydney population.

Study Questionnaire

We used a standard questionnaire to ask case-patients
and controls about influenza symptoms, pregnancy or
delivery within the previous 28 days, weight and height,
smoking history, current and previous medications, and
past hospitalizations. In addition, information was collected
regarding diagnosis of general health conditions, including
asthma, lung disease (defined as emphysema, chronic
lung problems and/or chronic bronchitis), heart disease
(defined as heart problems from birth, rheumatic heart
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disease, angina, heart attack, and/or heart failure excluding
hypertension), diabetes (type I or II), other metabolic
disorders, kidney disease (defined as kidney transplant,
renal failure, and/or dialysis), liver disease, blood disorders
(defined as sickle cell disease, thalassemia, or hemoglobin
problems), mental health diagnoses, neurologic conditions
(defined as conditions that involve muscles, nerves,
or the brain), immune suppression (defined as cancer,
HIV infection, or immunosuppressive medication), and
obstructive sleep apnea. Ethics approval was not required
because information was collected under NSW Public
Health Act 1991 (21)

Statistical Analyses

In univariate analysis, the proportions of characteristics
among case-patients and controls were compared by using
y*tests. In multivariate analysis, independent risk factors for
hospitalization were assessed through logistic regression
by using backward elimination. All variables with a
univariate level of significance p<0.25 were selected for
inclusion in the base model, and variables were excluded
if the p value was >0.05 and did not meaningfully alter
the point estimates of the remaining variables. Because a
similar proportion of case-patients and controls reported
a diagnosis of asthma not requiring regular medication,
only a history of asthma requiring regular medication was
included in the final logistic regression model.

Additional logistic regression models were constructed
to compare case-patients with controls for women of child-
bearing age (1645 years), case-patients who received
mechanical ventilation compared with all controls, case-
patients who sought medical attention within 48 hours of
onset of symptoms compared with case-patients who sought
medical attention after 48 hours, and controls who reported
symptoms of influenza-like illness during the study period
(defined as self-reported fever and either cough or sore
throat) with controls who reported no illness during the study
period. Mechanical ventilation (rather than intensive care
unit admission) was used as a measure of severity of illness
because cases were reported from several hospital facilities
with varying criteria for patient admission to intensive
care. The model fit the data well by the Hosmer-Lemeshow
goodness-of-fit test (x> = 15.85, 9 df, p = 0.07). Seventy-
nine percent of pairs were concordant, and ¢ = 0.804.

Results

In total, 402 hospitalized patients were identified as
eligible for inclusion in the study. Of these, 302 (75%)
participated in the study, 27 (7%) refused interview,
66 (16%) were unable to be contacted, and 7 (2%) were
excluded because of language difficulties. In univariate
analysis, there was no significant difference between
participating patients and nonparticipating patients with
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respect to sex (p = 0.226), geographic location of residence
(p = 0.341), indigenous status (p = 0.123), length of stay
in hospital (p = 0.477), or ventilation status (p = 0.890).
However, interviewed patients were significantly younger
(median 45 years, range 16-88 years) than patients who
were not interviewed (median 51 years, range 1788 years)
(p =0.007).

Of 1,252 potential controls, 603 (48%) participated
in the study. Of those remaining, 357 (28%) refused to
participate, 153 (12%) were excluded because of language
difficulties, and 139 (11%) were unavailable for interview.
Of the controls, 25% were ages 1635 years, 36% were 36—
55 years, and 37% were >55 years. This compares with the
adult metropolitan Sydney population of 38% ages 16-35
years, 36% 3655 years, and 28% >55 years (Australian
Bureau of Statistics, unpub. data).

Descriptive Epidemiology

The median age of case-patients was 45 years (range
16-88 years). Of the 302 case-patients, 125 (41%) were male,
68 (23%) were admitted to a high dependency or intensive
care unit, and 37 (12%) required mechanical ventilation.
The median length of hospital stay was 4 nights (range 1-91
nights). Reported risk factors among case-patients included a
history of asthma (38%, including 29% who required regular
medication), lung disease (19%), diabetes (19%), mental
health diagnosis (18%), heart disease (14%), pregnancy
(13%), obstructive sleep apnea (12%), immune suppression
(10%), neurologic condition (8%), liver disease (8%),
kidney disease (3%), blood disorders (5%), and metabolic
conditions (1%) (online Appendix Table, www.cdc.gov/
EID/content/17/8/100842-appT.htm).

None of the case-patients reported giving birth in 28
days before symptom onset. Of the 40 patients who were
pregnant at the time of symptom onset, 28 (70%) were in
their third trimester. Sixty-six (22%) case-patients were
current smokers, and 91 (30%) were ex-smokers. Among
the 91 ex-smokers, the median time smoked was 20 years
(range 1-60 years, median 15 cigarettes/day); 39 reported
cessation >5 years prior to illness, 15 patients between
12 months and 5 years, and 37 patients within the past
12 months. Among the 66 current smokers, the median
time smoked was 20 years (range 1-60 years; median 10
cigarettes/day) (online Appendix Table).

Case—Control Study

There were no significant differences in characteristics
of case-patients and controls by place of residence,
receipt of 2009 seasonal influenza vaccination, or history
of neurologic disorders (online Appendix Table). In
univariate analysis, compared with controls, case-patients
were more likely to be male, aged 16-35 years and 4655
years, have higher body mass index (BMI), and report a
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history of asthma, heart disease, mental health diagnosis,
immune suppression, obstructive sleep apnea, lung disease,
diabetes, liver disease, blood disorder, and pregnancy, and
smoking (online Appendix Table).

In the logistic regression model, age, sex, asthma
(requiring regular medication), smoking (current or ex-
smoker), heart disease, immune suppression, lung disease,
diabetes, and pregnancy were independently associated
with hospitalization for pandemic (HIN1) 2009 (Table 1).
Similar results were found when analysis was restricted
to men only or women only. The factor most strongly
associated with hospitalization was pregnancy, followed
by lung disease, immune suppression, and ages 16-25 and
46-55 years (Table 1). Overall, 262 (86%) case-patients
reported >1 independent risk factor (asthma, heart disease,
immune suppression, lung disease, diabetes, pregnancy, or
smoking) compared with 315 (52%) of controls (p<0.0001).
The risk for hospitalization increased with increasing
number of reported significant risk factors.

In the logistic regression model for women of
childbearing age, asthma (requiring regular medication),
lung disease, diabetes, and pregnancy were independently
associated with hospitalization for pandemic (HIN1) 2009
(Table 2). In total, 88% of women of childbearing age

Table 1. Independent risk factors for hospitalization from
pandemic (H1N1) 2009 influenza, all case-patients and controls,
Sydney, Australia, 2009*

Patient characteristic Adjusted OR (95% CI) p value
Sex
F Referent
M 1.8 (1.2-2.5) 0.0017
Age, y
16-25 5.4 (2.5-11.4)
26-35 4.1(2.0-8.3)
36-45 3.9 (2.0-7.6) <0.0001
46-55 5.1 (2.7-9.6)
56-65 1.9 (1.0-2.5)
>65 Referent
Underlying condition
Asthma, regular medication 4.3 (2.7-6.8) <0.0001
Heart disease 2.3 (1.2-4.1) 0.0083
Immunosuppression 5.5 (2.8-10.9) <0.0001
Lung disease 6.6 (3.8-11.6) <0.0001
Diabetes 3.8 (2.2-6.5) <0.0001
Pregnancy 22.4 (9.2-54.5) <0.0001
Smoking status
Nonsmoker Referent
Current smoker 2.0 (1.3-3.2) 0.002
Former smoker 2.0 (1.3-3.0)
No. significant risk factors
0 Referent
1 3.9 (2.6-5.8)
2 9.3 (5.9-14.6) <0.0001
3 20.4 (10.4-40.2)
>4 80.3 (10.1-638.7)
*OR, odds ratio; Cl, confidence interval.
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hospitalized for pandemic (HIN1) 2009 reported 1 of the
risk factors compared with 39% of controls (p <0.0001).
Pregnancy was the only risk factor reported for 25% of
hospitalized women of childbearing age.

In univariate analysis, compared with controls, case-
patients who required mechanical ventilation were more
likely to report a history of lung disease, asthma (requiring
regular medication), have a higher BMI, be pregnant, have
an influenza vaccination in the previous 12 months, and
be 2645 years of age (Table 3). In the logistic regression
model for ventilated case-patients, a history of lung disease,
diabetes, pregnancy, high BMI, or status as a current or ex-
smoker were independently associated with mechanical
ventilation (Table 3).

Of the 603 controls, 113 (19%) reported an influenza-
like-illness during the study period. There was no significant
difference in underlying risk factors between controls who
reported influenza-like-illness and controls who did not
report any respiratory symptoms. However, influenza-like-
illness was significantly more common among controls
aged 16-25 (odds ratio [OR] 3.3, 95% confidence interval
[CI] 1.4-7.5, p = 0.005) and 3645 years (OR 3.0, CI 1.4—
6.2, p=0.004) compared with controls aged >65 years.

Information on the time from onset of illness to medical
attention was available for 295 (98%) case-patients. Of
these, 238 (81%) reported having >1 risk factor listed in
the public message campaigns. Overall, the proportion of
case-patients seeking medical attention was similar for

Table 2. Risk factors for hospitalization caused by pandemic (H1N1) 2009 influenza for female case-patients and controls of

childbearing age, Sydney, Australia, 2009*

No. (%) case-patients, No. (%) controls, Adjusted OR
Patient characteristic n=99 n=181 OR (95% Cl) p value (95% ClI) p value
Age, y
16-25 28 (28) 43 (24) 1.4 (0.8-2.6)
26-35 37 (37) 64 (35) 1.3(0.7-2.2) 0.5233
36-45 34 (34) 74 (41) Referent
Aboriginal status
Nonindigenous 95 (98) 177 (96) Referent 0.3864
Indigenous 4 (4) 4(2) 1.9 (0.5-7.6)
Body mass indext
Underweight (<18.5) 8(9) 9 (5) 2.8 (1.0-8.0)
Normal (18.5-24.9) 31(33) 99 (57) Referent
Overweight (25.0-29.9) 15 (16) 35 (20) 1.4 (0.7-2.8) 0.0003
Obese 1 (30.0-34.9) 17 (18) 18 (10) 3.0 (1.4-6.6)
Obese 2 (35.0-39.9) 10 (11) 4(2) 8.0 (2.3-27.3)
Obese 3 (>40) 12 (13) 8 (5) 4.8 (1.8-12.8)
Health conditiont
Asthma 46 (46) 35(19) Referent
No regular medication 7(7) 21 (12) 0.9 (0.4-2.3) <0.001 10 (4.0-21.0)  <0.0001
Regular medication 39 (39) 14 (8) 7.7 (3.9-15.3)
Heart disease§ 0 1(0.5) <0.001 0.9871
Kidney disease 0 1(0.5) <0.001 0.987
Mental health problem 17 (17) 19 (11) 1.8 (0.9-3.6) 0.1139
Neurologic problem 4 (4) 8 (4) 0.9 (0.3-3.1) 0.8809
Immunosupression 1(1) 2(1) 0.9 (0.1-10.2) 0.942
Obstructive sleep apnea 10 (10) 4 (2) 5.0 (1.5-16.3) 0.0081
Lung disease 10 (10) 4(2) 5.0 (1.5-16.3) 0.0081 7 (2.0-28.0) 0.0043
Diabetes 14 (14) 2(1) 14.7 (3.3-66.3)  0.0005 20 (4.0-103.0)  0.0003
Metabolic disorder 1(1) 2(1) 0.9 (0.1-10.2) 0.942
Liver disease 5(5) >999.9 0.9798
Blood disorder 4 (4) 8 (4) 0.9 (0.3-3.1) 0.8809
Pregnancy 40 (40) 7(4) 16.9 (7.2-39.6)  <0.001 28 (11.0-70.0) <0.0001
Smoking status
Nonsmoker 53 (54) 130 (72) Referent
Current smoker 24 (24) 32 (18) 1.8 (1.0-3.4) 0.0057
Former smoker 22 (22) 19 (11) 2.8 (1.4-5.7)
Influenza vaccine in 2009 20 (20) 30 (17) 1.3(0.7-2.4) 0.4262

*OR, odds ratio; Cl, confidence interval.

18 controls and 6 case-patients missing data.
1Groups are not mutually exclusive.

§1 control and 3 case-patients missing data.
111 case-patient missing data.
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Table 3. Risk factors for mechanical ventilation because of pandemic (H1N1) 2009 infection, Sydney, Australia, 2009*

No. (%) case-patients,

No. (%) controls,

Adjusted OR

Patient characteristic n =37 n =603 OR (95% CI) p value (95% Cl) p value
Sex
M 11 (30) 207 (34)
F 26 (70) 396 (66) 1.2 (0.6-2.6) 0.5674
Age, y
16-25 3(8) 61(10) 3.7 (0.7-19) 5.5 (0.7-42.0)
26-35 11 (30) 92 (15) 9.1 (2.5-33.3) 12.2 (2.5-58.2)
36-45 12 (32) 111 (18) 8.2 (2.3-29.7) 10.4 (2.3-48.3)
46-55 8 (22) 111 (18) 5.5 (1.4-21.0) 10.2 (2.3-45.9)
>55 3(8) 228 (38) 0.0114 0.0176
Aboriginal status
Nonindigenous 36 (97) 596 (99)
Indigenous 1(3) 7(1) 2.4 (0.3-19.7) 0.426
Body mass indext
Underweight (<18.5) 3(9) 15 (3) 8.6 (2.0-37.9) 10.6 (1.9-58.9)
Normal (18.5-24.9) 6 (17) 259 (45) 0.0004 0.0022
Overweight (25.0-29.9) 10 (29) 175 (30) 2.5(0.9-6.9) 3.2(1.0-10.3)
Obese 1 (30.0-34.9) 5(14) 79 (14) 2.7 (0.8-9.2) 1.8 (0.5-7.4)
Obese 2 (35.0-39.9) 5(14) 29 (5) 7.4 (2.1-25.9) 9.8 (2.4-40.1)
Obese 3 (>40) 6 (17) 21 (4) 12.3 (3.7-41.6) 11.6 (2.7-49.3)
Health conditiont
Asthma 13 (65) 93 (15)
No regular medication 5(14) 48 (8) 2.2 (0.8-6.1) 0.0061
Regular medication 8 (22) 45 (7) 3.8 (1.6-8.9)
Heart disease§ 3(9) 41(7) 1.3 (0.4-4.3) 0.7136
Kidney diseasef 1(3) 8 (1) 2.1(0.3-16.9) 0.5013
Mental health problem 6 (16) 49 (8) 2.2 (0.9-5.5) 0.0958
Neurologic problem 3(8) 42 (7) 1.2 (0.3-4.0) 0.792
Immunosuppression 1(3) 22 (4) 0.7 (0.1-5.6) 0.7655
Obstructive sleep apnea 2 (5) 23 (4) 1.4 (0.3-6.4) 0.6296
Lung disease 6 (16) 31(5) 3.6 (1.4-9.2) 0.0084 8.6 (2.6-28.5) 0.0005
Diabetes 5(14) 38 (6) 2.3 (0.9-6.3) 0.0977 4.4 (1.2-15.6) 0.0383
Liver disease 2 (5) 20 (3) 1.7 (0.4-7.4) 0.503
Pregnancy 8 (22) 7(1) 23.4 (8.0-69.2)  <0.001 40.5(9.7-168.1)  <0.0001
Smoking status
Nonsmoker 17 (46) 372 (62) 2.4 (1.0-5.5) 0.0325
Current or former smoker 20 (54) 231 (38) 1.9 (1.0-3.7) 0.0605
Influenza vaccine in 2009 20 (54) 202 (34) 0.3 (0.1-0.8) 0.0163

*OR, odds ratio; Cl, confidence i

nterval.

tData missing for 2 case-patients and 25 controls.
FGroups are not mutually exclusive.
§Date missing for 2 case-patients and 12 controls.

{Data missing for 3 controls.

both those with reported risk factors and those with no
risk factors (80% and 79%, respectively). There was no
significant difference in individual underlying risk factors
between case-patients who sought medical attention within
48 hours of symptoms and those who did not (Table 4).

Discussion

We found that pregnancy, lung disease, immune
suppression, asthma, diabetes, heart disease, and a
history of smoking were associated with hospitalization
from pandemic (HIN1) 2009 infection. Among women
of childbearing age, pregnancy was the single greatest
risk factor for hospitalization, followed by diabetes,
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history of asthma requiring regular medication, and lung
disease. Obesity was not an independent risk factor for
hospitalization although it was a risk factor for mechanical
ventilation. The majority of case-patients sought medical
attention within 48 hours. This study did not identify any
particular risk groups that were less likely to seek early
medical attention.

Our study was designed to identify risk factors for
moderate to severe illness resulting from influenza (as
measured by requirement for hospital admission), not
risk factors for acquiring influenza. Controls for the study
were therefore selected from the community rather than
nonhospitalized case-patients. When controls who reported
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influenza-like-illness were compared with controls without
these symptoms, there was no significant difference in risk
factors other than age. This finding suggests that apart from
age (which is likely to reflect past infection with influenza
strains that protected against pandemic [HIN1] 2009) (25),
other participant characteristics were not important for
determining susceptibility for infection.

Our data are subject to several limitations. First,
compared with the adult population in Sydney, controls
were older and a higher proportion were women,

introducing the possibility of bias if the groups were not
otherwise similar. However, our analysis adjusted for
age and sex, and the findings were consistent with those
of similar studies examining risk factors for seasonal
influenza (3-5,6). When the model was restricted to gender,
the results were similar to the final model. These findings
suggest that the potential bias from control selection on the
final model was minimal. Second, risk factor status was
determined by self-report for case-patients and controls.
However, public messaging during the pandemic relied on

Table 4. Comparison of characteristics of patients with cases of pandemic (H1N1) 2009 influenza by time from symptom onset to

medical attention, Sydney, Australia, 2009*

Medical attention within 48 h

Yes, no. (%) patients,

No, no. (%) patients,

Patient characteristic n =235 n =60 OR (95% Cl) p value
Sex
M 97 (41) 24 (40)
F 138 (59) 36 (60) 1.1 (0.6-1.9) 0.8576
Age, y
16-25 33 (14) 5(8) 1.1 (0.3-4.3)
26-35 44 (19) 9 (15) 0.8 (0.3-2.8)
36-45 47 (20) 11 (18) 0.7 (0.2-2.3)
46-55 50 (21) 20 (33) 0.4 (0.1-1.3)
56-65 32 (14) 10 (17) 0.6 (0.2-1.8)
>65 29 (12) 5(8) 0.3677
Aboriginal status
Nonindigenous 229 (97) 58 (97) 0.7409
Indigenous 6 (3) 2(3) 0.8 (0.1-3.9)
Body mass indext
Underweight (<18.5) 13 (6) 2(3) 1.6 (0.3-7.8)
Normal (18.5-24.9) 65 (28) 16 (27) 0.4457
Overweight (25.0-29.9) 67 (29) 10 (17) 1.6 (0.7-3.9)
Obese 1 (30-34.9) 38 (16) 12 (20) 0.8 (0.3-1.8)
Obese 2 (35-39.9) 23 (10) 6 (10) 0.9 (0.3-2.7)
Obese 3 (>40) 19 (8) 8 (13) 0.6 (0.2-1.6)
Health conditiont
Asthma 89 (38) 24 (40) 0.3607
No regular medication 16 (7) 9 (15)
Regular medication 73 (31) 15 (25) 1.4 (0.7-2.6)
Heart disease§ 31(13) 7(12) 1.2 (0.5-2.8) 0.703
Kidney disease 8(3) 2(3) 1.0 (0.2-4.9) 0.9785
Mental health problem 34 (14) 17 (28) 0.4 (0.2-0.8) 0.0129
Neurologic problem 14 (6) 8 (13) 0.4 (0.2-1.0) 0.0586
Immunosuppression 22 (9) 6 (10) 0.9 (0.4-2.4) 0.8803
Obstructive sleep apnea 26 (11) 10 (17) 0.6 (0.3-1.4) 0.2399
Lung disease 46 (20) 11 (18) 1.1 (0.5-2.2) 0.828
Diabetes 48 (20) 10 (17) 1.3 (0.6-2.7) 0.5141
Liver disease 16 (7) 5(8) 0.8 (0.3-2.3) 0.6823
Pregnancy 33 (14) 7(12) 1.3 (0.5-3.2) 0.6008
Smoking statusq|
Nonsmoker 113 (48) 26 (43)
Current or former smoker 121 (51) 34 (57) 0.8 (0.5-1.5) 0.493
Influenza vaccine in 2009# 86 (37) 19 (32) 1.3 (0.7-2.3) 0.4507

*OR, odds ratio; Cl, confidence interval.

tData missing for 10 case-patients who received medical attention within 48 h and 6 who did not.

$Groups are not mutually exclusive.

§Data were missing for 6 case-patients who received medical attention within 48 h.
{IData were missing for 1 case-patient who received medical attention within 48 h.

#Vaccination information was missing for 2 case-patients and 1 control.
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the persons recognizing that they were in a high-risk group.
For this reason, self-reported risk factors were thought to be
a good indication of identified risk. However, undiagnosed
or unacknowledged medical conditions would not have
been captured in our study and could underestimate the
effect of some risk factors. Third, the underlying reason
for admission to hospital for patients (whether specifically
caused by the infection or because of preexisting illness or
both) was not determined in this study. Case-patients were
selected for inclusion in the study if they met the pandemic
(HINT) 2009 case definition, were hospitalized, and had
onset of symptoms >2 days before admission. Fourth,
although pregnancy was identified as an independent risk
factor for hospitalization, the magnitude of this risk may
be biased upward if clinicians had a lower threshold for
admitting pregnant women as a precaution, particularly in
later stages of pregnancy. Fifth, patients who died following
pandemic (HINI) 2009 infection were excluded from
the study, thereby excluding those with the most severe
disease. Although patients who died were obviously unable
to be interviewed, information regarding the presence of
underlying medical conditions was collected from the
treating clinicians. During the study period, there were
23 deaths that met the study’s case definition. Similar to
interviewed case-patients, 20 (87%) of the patients who died
were reported to have >1 significant risk factor. However,
a higher proportion of patients who died were reported as
having lung disease (60% vs. 19%), being a current smoker
(35% vs. 22%), and having immune suppression (25% vs.
10%) when compared with study participants. Deceased
patients were significantly older (median 59 years, range
23-85 years) compared with surviving patients (median 45
years, range 16—88 years) included in the study (p<0.001).

Descriptive studies of pandemic (HIN1) 2009
infection have reported obesity, heart disease, diabetes,
pregnancy (26-28), kidney disease, neurologic disease,
immune suppression, lung disease, asthma, smoking,
and relatively young age (29,30) as the most common
concurrent conditions for hospitalized patients (11-20).
Given that many of these underlying medical conditions
do not occur in isolation, our analytical study was able to
ascertain which of these were independently associated
with hospitalization from pandemic (HIN1) 2009.

Although high rates of pandemic (HINI) 2009
infection have been reported from indigenous people in
other reports (31), our study lacked sufficient power to
explore the independent impact of being Aboriginal on the
risk factor of moderate to severe disease. However, among
those Aboriginal case-patients included, all reported a
history of other independent risk factors. These data may
suggest that it is the high prevalence of risk factors for
severe disease that place Aboriginal people at an increased
risk rather than genetic susceptibility.
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BMI was not independently associated with increased
risk for hospitalization with pandemic (HIN1) 2009.
Obesity appears to be a confounder of other risk factors for
overweight patients. Of the 58 case-patients with BMI >35
(very obese), 55 (95%) reported >1 significant risk factor,
including smoking (35/55, 64%), asthma (32/55, 58%),
and diabetes (18/55, 33%). Further analysis suggested that
obesity was independently associated with increased risk of
ventilation in our study. Of the 35 ventilated case-patients,
11 reported a BMI >35, and all but 2 patients reported other
significant risk factors.

Our study highlights the increased risk of moderate to
severe illness from pandemic (HIN1) 2009 for pregnant
women and introduces smoking as an independent risk
factor for hospitalization from pandemic (HINI) 2009.
In addition, our study provides evidence to support the
continuation of influenza prevention efforts (including
vaccination) targeted to persons with lung disease, immune
suppression, asthma, diabetes, and heart disease. Although
Aboriginal status and obesity may not be independent risk
factors for severe disease, they indicate the likely presence
of other risk factors, and so prevention messages should
continue to be directed to these groups.
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Novel Arenavirus Infection in
Humans, United States

Mary Louise Milazzo, Grant L. Campbell, and Charles F. Fulhorst

Immunoglobulin G against Whitewater Arroyo virus or
lymphocytic choriomeningitis virus was found in 41 (3.5%)
of 1,185 persons in the United States who had acute
central nervous system disease or undifferentiated febrile
illnesses. The results of analyses of antibody titers in paired
serum samples suggest that a North American Tacaribe
serocomplex virus was the causative agent of the illnesses
in 2 persons and that lymphocytic choriomeningitis virus
was the causative agent of the illnesses in 3 other antibody-
positive persons in this study. The results of this study
suggest that Tacaribe serocomplex viruses native to North
America, as well as lymphocytic choriomeningitis virus, are
causative agents of human disease in the United States.

he arenaviruses (family Arenaviridae, genus

Arenavirus) known to occur in North America include
Whitewater Arroyo virus (WWAYV), 7 other members
of the Tacaribe serocomplex (Table 1), and lymphocytic
choriomeningitis virus (LCMV, the prototypic member of
the lymphocytic choriomeningitis—Lassa serocomplex).
Specific members of the order Rodentia are the principal
hosts of the arenaviruses, for which natural host
relationships have been well characterized. For example,
the hispid cotton rat (Sigmodon hispidus) in Florida is the
principal host of Tamiami virus (6,7), and the ubiquitous
house mouse (Mus musculus) is the principal host of
LCMV (9).

Five South American members of the Tacaribe
serocomplex, LCMV, and Lassa virus are etiologic agents
of severe febrile illnesses in humans (10,11). The human
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health significance of the North American Tacaribe
serocomplex viruses has not been rigorously investigated
(12).

Studies since the mid-1990s have shown that Tacaribe
serocomplex viruses are widely distributed in the United
States and Mexico and that woodrats (Neotoma spp.) and
other members of the family Cricetidae are natural hosts
of these viruses (1-5,8,13,14). The purpose of this study
was to investigate whether humans have been infected with
North American Tacaribe serocomplex viruses.

Materials and Methods

Samples of serum (n = 1,305), plasma (n = 2), and
cerebrospinal fluid (n = 70) from 1,185 persons in the
United States with acute central nervous system disease
or undifferentiated febrile illnesses were tested for
immunoglobulin (Ig) G against the WWAYV prototype
strain AV 9310135 and LCMV strain Armstrong by using
an ELISA as described (15). The samples were diagnostic
specimens submitted to the Arbovirus Diseases Branch,
Division of Vector-Borne Infectious Diseases, Centers for
Disease Control and Prevention (CDC) (Fort Collins, CO,
USA) during 1989-2000 by public health laboratories in
the United States. The samples had been tested selectively
by CDC laboratorians for evidence of infection with St.
Louis encephalitis virus, western equine encephalomyelitis
virus, and other arthropod-borne agents of human disease.
These tests had not yielded a specific diagnosis for any of
the cases in this study.

Information about each case was limited to patient
age, sex, date of illness onset, and state from which the
samples were submitted. Most (634 [53.5%]) of the 1,185
case-patients were male. Ages at illness onset ranged from
0.2 months to 93 years (median 35 years), and 982 (82.0%)
of the case-patients were >10 years of age at illness onset.
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Table 1. Natural hosts and geographic distribution of the North American Tacaribe serocomplex viruses

Virus Natural host(s) Location Reference
Bear Canyon Large-eared woodrat (Neotoma macrotis), California mouse California, USA (1)
(Peromyscus californicus)
Big Brushy Tank White-throated woodrat (N. albigula) Arizona, USA (2)
Catarina Southern plains woodrat (N. micropus) Texas, USA 3)
Rio Catorce White-toothed woodrat (N. leucodon) San Luis Potosi, Mexico (4)
Skinner Tank Mexican woodrat (N. mexicana) Arizona, USA (5)
Tamiami Hispid cotton rat (Sigmodon hispidus) Florida, USA (6,7)
Tonto Creek White-throated woodrat (N. albigula) Arizona, USA (2)
Whitewater Arroyo White-throated woodrat (N. albigula) New Mexico, USA (8)

The period between illness onset and sample collection
ranged from 0 days to 10.1 years (median 31 days). At
least 1 sample from each of 580 case-patients was collected
before the end of week 4 of illness; for 108 case-patients
multiple samples, representing different time points, were
available. Cases were geographically distributed as follows:
New England, 72 cases; Mid-Atlantic, 50; South Atlantic,
141; East North Central, 96; West North Central, 73; East
South Central, 78; West South Central, 42; Mountain, 177;
Pacific, 96; and unknown, 360.

A 1:80 dilution and 1:320 dilution of each sample was
tested against the WWAYV antigen, LCMV antigen, and
corresponding comparison (negative-control) antigens.
The adjusted optical density (AOD) of a sample-antigen
reaction was the optical density of the well coated with the
test antigen minus the optical density of the well coated
with the corresponding control antigen. A sample was
considered positive if the AOD at 1:80 was >0.250, the
AOD at 1:320 was >0.250, and the sum of the AOD at 1:80
and AOD at 1:320 was >0.750. Endpoint titers against each
antigen were measured in the positive samples by using
serial 2-fold dilutions from 1:320 through 1:40,960. The
antibody titer of a positive sample was the reciprocal of the
highest dilution for which the AOD was >0.250. Titers <320
were 160 in comparisons of titers to WWAYV and LCMV in
individual samples. The apparent homologous virus in an
antibody-positive sample was the virus associated with the
highest titer if the absolute value of the difference between
the titers to WWAYV and LCMV was >4-fold.

Results

We detected antibody against an arenavirusin41 (3.5%)
of the 1,185 case-patients. Of the antibody-positive case-
patients, most (27 [65.9%]) were male. Ages ranged from
4 years to 85 years (median 39 years). Antibody-positive
samples were submitted from Florida, Massachusetts, and
Wyoming (3 samples each) and Arizona, Idaho, Kansas,
Maryland, Michigan New Mexico, New York, North
Carolina, Ohio, Rhode Island, Tennessee, Washington,
and Wisconsin (1 sample each). For 19 samples, state of
submission was unknown.

1418

Twelve persons had positive test results for WWAV
but not LCMV; 28 for LCMV but not WWAV; and 1 for
WWAYV and LCMV (Table 2). In the positive samples,
endpoint titers against WWAV and LCMV ranged from
<320 to 10,240 and from <320 to 20,480, respectively. The
apparent homologous virus was WWAYV in 10, LCMV in
24, and indeterminate in 7 of antibody-positive persons
(Table 2).

Ages of the 10 persons in whom WWAYV was the
apparent homologous virus ranged from 5 to 70 years
(median 43 years). Samples from these persons were
submitted from Arizona, New Mexico, and North Carolina
(1 sample each) and Florida and Wyoming (2 samples
each); for 3 samples, state of submission was unknown.

The ELISA included paired samples from 8 antibody-
positive persons. Time from onset of illness to the first
samples from these persons ranged from 0 to 47 days. In
side-by-side tests, the endpoint titer to WWAYV in the second
sample was >4-fold higher than that to WWAYV in the first
sample in paired samples from 2 persons, and the endpoint
titer to LCMV in the second sample was >4-fold higher than
that to LCMV in the first sample in paired samples from 3 of
the 6 other antibody-positive persons (Table 3).

Table 2. Antibody (immunoglobulin G) titers against WWAYV and
LCMV in 1,185 cases of acute central nervous system disease or
undifferentiated febrile illnesses, United States*

Antibody titer Apparent
No. cases WWAV LCMV homologous virus
5 640 <320 WWAV
1 1,280 <320 WWAV
3 2,560 <320 WWAV
1 10,240 <320 WWAV
7 <320 640 LCMV
3 <320 1,280 LCMV
5 <320 2,560 LCMV
4 <320 5,120 LCMV
2 <320 10,240 LCMV
3 <320 20,480 LCMV
2 320 <320 Indeterminate
1 640 1,280 Indeterminate
4 <320 320 Indeterminate
1,144 <320 <320 None

*WWAV, Whitewater Arroyo virus; LCMV, lymphocytic choriomeningitis
virus.
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Table 3. Antibody (immunoglobulin G) against WWAV and LCMV in paired serum samples from humans with acute central nervous

system disease or undifferentiated febrile illnesses, United States*

Case-patient Age, y, at Days after illness onset Antibody titer, WWAV Antibody titer, LCMV Apparent

no. illness onset S1 S2 S1 S2 S1 S2 homologous virus
1 32 14 44 <320 640 <320 <320 WWAV

2 65 15 61 <320 2,560 <320 <320 WWAV

3 38 14 33 <320 <320 5,120 5,120 LCMV

4 51 2 68 <320 <320 320 20,480 LCMV

5 59 24 38 <320 <320 320 5,120 LCMV

6 72 0 15 <320 <320 <320 640 LCMV

7 12 25 33 <320 <320 320 320 Indeterminate
8 25 47 123 <320 <320 320 320 Indeterminate

*WWAV, Whitewater Arroyo virus; LCMV, lymphocytic choriomeningitis virus; S1, first sample; S2, second (last) sample in paired samples.

Discussion

Previously, antibody to Tamiami virus was found in
5 (3.8%) of 131 Seminole Indians sampled in southern
Florida (16), and antibody to a Tacaribe serocomplex virus
was found in 2 (0.24%) of 829 persons who had worked
with cricetid rodents in North America (15,17). The results
of our current study strengthen the notion that Tacaribe
serocomplex viruses enzootic in North America are
infectious in humans. The increase in antibody titer against
WWAYV in cases 1 and 2 in this study (Table 3) suggests
that a North American Tacaribe serocomplex virus caused
the illnesses in these persons.

The WWAV strain AV 9310135 was originally
isolated from a white-throated woodrat (N. albigula)
captured in northwestern New Mexico (8). A recent study
demonstrated a high level of diversity among the amino acid
sequences of the structural proteins of the North American
Tacaribe serocomplex viruses (5). Hypothetically, human
IgG against some North American Tacaribe serocomplex
viruses is not strongly reactive against WWAYV in ELISA.
If so, the prevalence of antibody to Tacaribe serocomplex
viruses in this study actually might be >3.5%.

The severity of human disease caused by LCMV
ranges from mild febrile illness to severe encephalitis and
disseminated disease (18). The results of this study suggest
that the illnesses in case-patients 4-6 (Table 3) were
caused by LCMV. Whether samples from these 3 persons
were tested for anti-LCMYV antibody (IgM or IgG) by
clinical laboratories could not be determined from records
maintained at CDC.

Specimens from 33 of the antibody-positive persons
in this study were limited to single specimens. Perhaps
these illnesses were caused by a North American Tacaribe
serocomplex or by LCMV. The antibody titer to WWAV
in the antibody-positive person from New Mexico was
10,240 in a serum sample collected on day 22 day after
illness onset.

Future studies on the relevance to human health of
the North American Tacaribe serocomplex viruses should
include defining the clinical spectrum and epidemiology
of human disease caused by these viruses. Some of these
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viruses may cause aseptic meningitis, encephalitis, or
meningoencephalitis. Thus, human disease caused by North
American Tacaribe serocomplex viruses may be confused
with severe encephalitis caused by LCMV, especially in
persons who report recent exposure to rodents.
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Cost-effectiveness of Sick Leave
Policies for Health Care Workers
with Influenza-like llIness,
Brazil, 2009

Nancy Val y Val P. Mota, Renata D. Lobo, Cristiana M. Toscano, Antonio C. Pedroso de Lima,
M. Beatriz Souza Dias, Helio Komagata, and Anna S. Levin

We describe the effect of influenza-like illness (ILI)
during the outbreak of pandemic (H1N1) 2009 on health
care worker (HCW) absenteeism and compare the
effectiveness and cost of 2 sick leave policies for HCWs
with suspected influenza. We assessed initial 2-day sick
leaves plus reassessment until the HCW was asymptomatic
(2-day + reassessment policy), and initial 7-day sick leaves
(7-day policy). Sick leaves peaked in August 2009: 3% of
the workforce received leave for ILI. Costs during May—
October reached R$798,051.87 (=US $443,362). The
7-day policy led to a higher monthly rate of sick leave days
per 100 HCWs than did the 2-day + reassessment policy
(8.72 vs. 3.47 days/100 HCWs; p<0.0001) and resulted in
higher costs (US $609 vs. US $1,128 per HCW on leave).
ILI affected HCW absenteeism. The 7-day policy was more
costly and not more effective in preventing transmission to
patients than the 2-day + reassessment policy.

During mid-April 2009, Mexico reported 1,918 cases
of influenza-like illness (ILI) and 84 deaths. In July
2009, the World Health Organization (WHO) declared an
influenza pandemic on the basis of widespread pandemic
influenza A (HIN1) 2009 observed globally (1). On July 16,
the Brazilian Ministry of Health notified transmission within
the country and declared the epidemic to be widespread (2).
During the 2009-10 season, pandemic (HIN1) 2009 was
the main contributor to influenza infections.
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and University of Sdo Paulo, Sdo Paulo (A.C. Pedroso de Lima,
A.S. Levin)
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In 2009, WHO reported 12,799 deaths from pandemic
(HINT) 2009. South America was affected during the
winter season (June—September). Brazil reported 48,978
confirmed cases of pandemic (HIN1) 2009, with 2,051
deaths (3). In Sao Paulo, the most populated state in the
country (=40 million inhabitants), the reported incidence
was higher than anywhere else in the country (15.17
cases/100,000 inhabitants); 479 persons died (4).

Hospital das Clinicas (HC), the largest hospital in
Brazil, was assigned by the State Health Department as 1
of the reference hospitals for persons with severe pandemic
(HINT) 20009 in the city of So Paulo. During the pandemic,
specific sick leave policies were instituted at HC for health
care workers (HCWs) who had influenza.

Considerable concern exists among HCWs about the
risks of working during an influenza epidemic. Although
they feel responsible to care for patients, they also are
concerned about their own and their families’ health (5,6).
Transmission of influenza from HCWs to patients under
their care is also a concern (7). Isolation precautions needed
to prevent transmission of pandemic (HIN1) 2009 virus
were heavily debated, and recommendations from the US
Centers for Disease Control and Prevention (Atlanta, GA,
USA) and WHO conflicted (8). Guidance on appropriate
sick leave policies to avoid transmission from HCWs varies
and is not well established (9).

Interim guidelines for protecting HCW's from pandemic
(HINT) 2009 (9) suggest that HCWs in whom fever and
respiratory symptoms develop should be excluded from
work for at least 24 hours after defervescence. HCWs
caring for severely immunocompromised patients should
be reassigned or excluded from work for 7 days after
symptom onset or until resolution of symptoms, whichever
is longer.
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Workforces at large tertiary care hospitals functioning
as reference hospitals for persons with influenza may be
substantially affected during pandemics, particularly in
regard to absenteeism and associated costs. Effectiveness
and costs of sick leave policies should be evaluated to guide
hospital managers and public health officials, particularly
during epidemics and pandemics.

The objectives of this study were to describe the effects
of ILI during the pandemic (HIN1) 2009 outbreak on HCW
absenteeism and the associated costs. Furthermore, we
aimed to compare effectiveness and cost of 2 policies for
HCW sick leave during the first wave of pandemic (HIN1)
2009 in a large urban tertiary care hospital.

Methods

Location and Setting

The study was conducted at HC, in the city of Sdo
Paulo, Sdo Paulo state, Brazil. Sdo Paulo is among the
largest cities in Latin America, with 11 million inhabitants.
HC, a tertiary care teaching hospital complex affiliated
with the University of S@o Paulo, is a government hospital
predominantly for patients covered by the publicly funded
Brazilian National Health Service. During the outbreak of
pandemic (HINT1) 2009 in Brazil, HC was assigned by the
State of Sao Paulo Health Department as a state reference
hospital for persons with severe pandemic (HIN1) 2009.

HC has =2,000 beds distributed in 7 institutes. The
Central Institute (main building) has 894 beds, including
100 intensive care unit (ICU) beds. The other centers are
the Heart Institute (444 beds); Orthopedics Institute (152
beds); Children’s Institute (174 beds); Psychiatry and
Neurosurgery Institute (90 beds); Cancer Institute (213
beds); and Radiology Institute, without inpatients, which
serves all other institutes. Although also part of the HC
complex, the administration building, 2 long-term care
facilities (234 beds total), and 1 outpatient rehabilitation
center were not included in this study.

Influenza Triage, Diagnosis, and Treatment

As recommended by international guidelines, triage
for suspected influenza cases was put in place at all of
HC'’s institutes. Triage occurred in the existing emergency
departments in the Central, Heart, and Children’s Institutes.
Persons with confirmed influenza were then referred to
designated units within HC for hospitalization. Included in
the Central Institute were an ICU (7 beds), an influenza-
specific ward (11 beds for semi-intensive care), and a
specific ward for pregnant influenza patients (15 beds). In
the Children’s Institute, an ICU (2 beds) , a ward (14 beds),
and 2 rooms at the emergency department were assigned.
Later into the influenza season (August 2009), 2 additional
influenza-specific wards were designated in the Heart
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Institute, with 16 rooms and 32 beds. Although persons
with influenza should have been hospitalized preferentially
in the above-designated units, a few patients in whom
influenza was only suspected after admission and who
could not be transferred were hospitalized in nondesignated
units.

Laboratory testing for confirmatory diagnosis was
conducted for all hospitalized persons suspected to have
influenza. Rapid diagnostic tests for influenza were not
performed during the pandemic. Before July 2, 2009,
samples were collected and sent to the Adolfo Lutz
Reference Laboratory, where real-time PCR (rt-PCR)
testing was conducted. By July 2, 2009, HC Central
Hospital Laboratory started the influenza A (HIN1) rt-PCR.
Although available for patients admitted to the hospital,
laboratory confirmation of pandemic (HIN1) 2009 infection
was not available for HCWs. Thus, suspected cases among
HCWs were triaged according to the attending physician’s
evaluation. The rt-PCR for suspected influenza in HCWs
was made available only on August 24, 2009. The PCR
protocol in place was developed by the US Centers for
Disease Control and Prevention (10).

During the entire pandemic period, active surveillance
for nosocomial pandemic (HIN1) 2009 was performed by
the infection control teams. A suspected influenza case
was defined, according to national guidelines (11), as fever
and respiratory symptoms such as cough or sore throat in
the absence of other diagnoses, and confirmed cases were
defined as those with positive test results for pandemic
(HINT) 2009.

Infection Control Policies

Following global and national guidelines (8,12),
infection control policies for prevention and control of
nosocomial transmission of influenza were in place in the
hospital. These included contact and droplet precautions
taken by HCWs during the care of patients with suspected
and confirmed influenza and use of N95 masks only during
aerosol-generating procedures.

HC has a centralized occupational health service
for workers of all institutes. We assessed ILI in and ILI-
associated sick leave for HCWs who are overseen by the
hospital’s occupational health service, i.e., physicians;
nurses and nurse assistants; and pharmacy, nutrition,
laboratory, and administration workers. Cleaning and
security services are furnished by third-party service
providers; therefore, their staff are not overseen by HC’s
occupational health service.

Starting on July 16, 2009, in HC institutes except the
Heart Institute, an HCW with suspected influenza received
an initial 2-day leave and was reassessed every 2 days
until asymptomatic, when he or she returned to work (2-
day leave + reassessment policy). In the Heart Institute, a
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different sick leave policy was adopted in which an HCW
with suspected pandemic (HIN1) 2009 infection received
a 7-day leave (7-day leave policy). During the prepandemic
period, sick leave for respiratory infection was determined
on a case-by-case basis after evaluation by a physician
(Figure).

Study Design

We retrospectively evaluated the effect of ILI on HCW
absenteeism during the pandemic (HIN1) 2009 outbreak.
The main outcome of interest was HCW absenteeism.

We estimated the economic effects of HCW-associated
illness from the hospital’s perspective. Costs were
estimated retrospectively. Among the various techniques
for measuring costs, 1 of the most commonly used is the
accounting approach (the conventional costing method).
This approach can be divided into 2 categories: the first uses
detailed, bottom-up, step-down analyses of accounting to
distribute shared costs across the activities considered (also
called ingredients approach). The second uses a top-down
approach, which makes less detailed estimates of high-
level average costs on the basis of aggregate expenditure
records. In this study, we used the bottom-up approach as
we considered individual ingredients to estimate costs. We
compared the effectiveness and cost of the 2 sick leave
policies: initial 2-day + reassessment policy and 7-day.

Study Period

The study was conducted during the first wave of
pandemic (HIN1) 2009 in the Southern Hemisphere winter
season (May—October 2009). The prepandemic period was
defined as August 2008—April 2009. HCW was defined as
a professional on the hospital’s payroll, even if the worker
did not work directly with patients. This definition excluded
students and residents/fellows, as well as workers of third-
party service providers (cleaning and security).

Data Analysis

We calculated the monthly number, average duration,
and rate of influenza sick leaves issued in HC by institute
and HCW profession. We determined the proportion of sick
leaves taken for ILI in relation to the total number of sick
leaves during the pandemic (HIN1) 2009 outbreak (May—
October). Rate of influenza-associated sick leaves issued
during the pandemic (HIN1) 2009 outbreak (August—
October 2009) were compared with the prepandemic period
(August—October 2008).

To assess the effectiveness of the 2 sick leave policies,
we evaluated the number of nosocomial pandemic (HIN1)
2009 cases. We calculated the total number of sick leaves
issued, their average duration, and total days of ILI-
associated sick leave for HCWs working under the 7-day
and 2-day + reassessment policies during the pandemic
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period. In addition, monthly rates of ILI-associated sick
leave days per 100 HCWs were compared for the 2 sick
leave policies by using x>

Cost Analysis

The cost analysis considered only ILI and absenteeism
in physicians, nurses, and nurse assistants because of
the availability of information. Direct medical costs
of diagnosis, treatment, and follow-up for HCWs with
suspected and confirmed pandemic (HINI1) 2009 were
estimated. Direct medical costs also included the cost of
replacement HCWs during sick leave. Direct nonmedical
costs assessed were transportation of symptomatic HCWs
to and from HC for assessment. Indirect costs comprised
productivity losses of HCWs during sick leave. Costs for
outpatient treatment of HCWs suspected to have influenza
comprised medical assessment by the occupational health
clinic, specimen collection and rt-PCR (only after August
24, 2009) for laboratory diagnosis, and treatment.

Evaluated by a
physician

Not a suspected
I~ case of pandemic [
influenza

Continues at
work

Suspected case
of pandemic
influenza

Given sick leave
(1of 2 policies)
plus oseltamivir

I_l_l

2-day leave and
reassessment

7-day leave

Before August
24, 2009

I
After August 24, 2009,
tested for pandemic

influenza
—— |
If negative, goes back If positive, Reevaluated by
to work as soon as completes 7- physician after 2
symptom free day leave days

I_;I

Continues with No symptoms,
symptoms, given goes back to
another 2-day leave work
]
Reevaluated by
physician after 2
days

I_I_I

Continues with No symptoms,
symptoms, given goes back to
another 2-day leave work

Figure. Schematic representation of the sequence of events that
occurred each time symptoms consistent with influenza developed
in a health care worker during the pandemic (H1N1) 2009 outbreak,
Hospital das Clinicas, S&o Paulo, Brazil, May—October, 2009.
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We assumed that 100% of HCWs with suspected
influenza received antiviral medication (oseltamivir)
according to the official hospital guideline. Twenty percent
received antimicrobial drugs (amoxicillin) for secondary

bacterial
medication.

infection,

and 70%

received

symptomatic

HCW hospitalization costs associated with pandemic
(HINT) 2009 were estimated by considering the average

Table 1. Evaluation of the effect of ILI-associated absenteeism among HCWs during the pandemic (H1N1) 2009 outbreak, Hospital

das Clinicas, Sao Paulo, Brazil, May—October 2009*

Assumptions

Input Value Data source Baseline cost  Lowest cost scenario Highest cost scenario
No. physicians, nurses, and 415 for 2-d + Centralized NA NA NA
nurse assistants receiving reassessment; occupational
ILI-associated sick leave 169 for 7-d health database
Costs

Medical consultation R$7.90/ National Health 1.1 1 consultation/HCW 2.5

consultation Care System consultations/  for 7-d; 1.5/HCW for  consultations/HCW
HCW for 7-d; 2-d + reassessment  for 7-d; 4/HCW for 2-

2.5/HCW for 2-d
+ reassessment

d + reassessment

Transportation for R$10.00/round Public transport  10% returned for No return visits for 7- 1.5 returns for
consultation trip fare consultation for  d; 0.5 returns/HCW  consultations for 7-d;
7-d for 2-d + 3 return visits for 2-d
1.5 returns/HCW reassessment + reassessment
for 2-d +
reassessment
Oseltamivir treatment R$112.40/ Central pharmacy Received by Received by 100%  Received by 100% of
treatment 100% of HCWs of HCWs with HCWs with
with suspected  suspected influenza  suspected influenza
influenza
Amoxicillin treatment R$2.40/ treatment  Central pharmacy Received by Received by 5% of  Received by 60% of
20% of HCWs HCWs with HCWs with
with suspected  suspected influenza  suspected influenza
influenza.
Medication for symptoms R$2.95/ treatment Central pharmacy Received by Received by 20% of Received by 100% of
70% of HCWs HCWs with HCWs with
with suspected  suspected influenza  suspected influenza
influenza
Diagnostic rt-PCRt R$100.00/test Central laboratory NA NA NA
Swab for collecting R$0.46/test Central laboratory NA NA NA
specimen for rt-PCR
No. HCWs undergoing 244 Central laboratory NA NA NA
diagnostic rt-PCRt
No. HCWs hospitalizedt None Nucleus of NA NA NA
Information on
Health Care
No. d hospitalization of 30 d for2-d + Direct review of NA NA NA
HCWst reassessment; 4d  patient records
for 7-d

Daily cost
Hospitalization

Staff replacement

Productivity losses

R$1,196.39 for 2-
d + reassessment;
R$1,871.06 for 7-
d
Nurse: R$257.07;
nurse assistant:
R$167.09;
physician:
R$858.51
Nurse: R$307.15;
nurse assistant:
R$157.18;
physician:
R$381.23

Administration

Human resource
department

Human resource
department

70% of nurses,
70% of nurse
assistants, 50%
of physicians
replaced
NA

30% of nurses, 30%
of nurse assistants,
10% of physicians
replaced

NA

100% of nurses,
100% of nurse
assistants, 80% of
physicians replaced

NA

*ILI, influenza-like illness; HCW, health care worker; 2-d + reassessment, 2-day sick leave plus reassessment every 2 days until asymptomatic policy; 7-d,
7-day sick leave policy; NA, not applicable; R$, Brazilian reals (R$1.80 = US $1.00); rt-PCR, real-time PCR.

tFor pandemic (H1N1) 2009.
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daily cost of hospitalization in HC. No information
about complications or secondary bacterial infection in
hospitalized HCWs with influenza was available for the
cost analysis.

When evaluating cost of staff replacement, we
assumed that 70% of nurses and nurse assistants and 50%
of physicians on sick leave were replaced. We also assumed
that HCWs under the 2-day + reassessment policy would
return on average 1.5 times for reassessment, thus incurring
medical consultations and transportation costs for 1.5 return
visits to HC. Under the 7-day policy, we assumed that 10%
of HCWs would return for medical consultations during
leave; thus, only 10% of HCWs required transportation for
reassessment.

We estimated productivity losses by considering the
daily 12-hour average salaries for each HCW category
based on an average of 5 years of work in HC. Wages and
mandatory Social Security and health care contributions
were considered. Monthly salary was Brazilian real (R$)
3,071.54 for nurses working 30 h/week; R$2,541.55
for physicians working 20 h/week; and R$1,571.80 for
nurse assistants working 30 h/week. One US dollar was
equivalent to ~R$1.80.

We also recalculated the costs for each sick leave
policy on the basis of a lowest cost scenario and a highest
cost scenario. For the lowest cost scenario, we assumed
that HCWs on leave would have returned on average 0.5
times for reevaluation if under the 2-day + reassessment
policy and would not have returned for the 7-day policy.
We also assumed that 5% of HCWs received antimicrobial
drugs and 20% received treatment for symptoms. Staff
replacement was assumed to have been 30% for nurses and
nurse assistants and 10% for physicians. For the highest

Sick Leave Policies and Influenza-like lliness

cost scenario, we assumed that each HCW had 3 return
consultations for the 2-day + reassessment policy and
1.5 return visits for the 7-day policy, that 60% of HCWs
received antimicrobial drugs, and that 100% received
treatment for symptoms. Staff replacement in the highest
cost scenario was assumed to be 100% for nurses and nurse
assistants and 80% for physicians.

Data Sources

The inputs, values, and data sources are presented in
Table 1. HC maintains a centralized occupational health
database in which sick leave of HCWs since August 2008
is registered by International Statistical Classification of
Diseases and Related Health Problems (13). The number
of HCWs placed on sick leave during August 2008—
October 2009 because of diseases of the respiratory system
reported as codes J10 (Influenza due to other identified
influenza virus) and J11 (Influenza, virus not identified),
by using the International Statistical Classification of
Diseases and Related Health Problems, 10th Revision, was
evaluated (13). Cost data were obtained from the hospital
administration.

Results

During June—September 2009, a total of 796 persons
with suspected influenza were hospitalized at HC, for
which 214 infections were laboratory confirmed as
pandemic (HIN1) 2009 (2). In July 2009, HCW sick leaves
began to increase and peaked in August, when 3% of the
workforce received leave for ILI (Table 2). HCWs received
884 ILI-associated sick leaves during August—October
2009, compared with 96 during the same period in 2008
(p<0.00001).

Table 2. Total and ILI-associated monthly number, duration, and rates of sick leave by HCWs, Hospital das Clinicas,

Sé&o Paulo, Brazil, August 2008—October 2009*

Total no. ILl-associated No. sick leaves % Sick leaves
Date HCWs No. sick leaves Average duration, d Days/100 HCWs from all causes from ILI
2008
Aug 17,890 27 1.63 0.25 1,609 1.7
Sep 16,243 33 1.61 0.33 1,931 1.7
Oct 18,064 36 1.36 0.27 1,741 21
Nov 18,294 40 1.90 0.42 1,567 2.6
Dec 18,370 47 1.43 0.29 1,555 2.4
2009
Jan 18,500 31 1.65 0.03 1,586 2.0
Feb 18,697 18 2.1 0.20 1,444 1.2
Mar 18,426 37 1.78 0.36 1,982 1.9
Apr 17,804 30 1.47 0.25 1,815 1.7
May 17,994 40 1.35 0.30 1,884 21
Jun 18,102 79 1.66 0.72 1,899 4.2
Jul 18,216 279 3.36 5.14 2,306 12.1
Aug 18,400 548 4.23 12.60 2,716 20.2
Sep 18,544 240 3.37 4.36 2,180 11.0
Oct 18,476 96 2.15 1.1 1,887 5.1
*ILI, influenza-like illness; HCW, health care worker. Includes entire hospital complex.
Emerging Infectious Diseases « www.cdc.gov/eid « Vol. 17, No. 8, August 2011 1425
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Table 3. ILI-associated sick leaves for HCWs during pandemic (H1N1) 2009 outbreak, by hospital institute, Hospital das Clinicas, Séo

Paulo, Brazil, May—October, 2009*

Monthly average

Monthly average no.d  No. hospitalized patients

No. sick Average duration no. HCWs in of sick leave day/100  with confirmed pandemic

Hospital institutet leaves of sick leave, d institute HCWst (H1N1) 2009 influenza
Heart 357 5.14 3,507 8.72 34
All other 776 2.89 10,760 3.47 186

Central 436 2.81 5,874 3.48 94

Children’s 65 3.15 1,241 2.75 78

Orthopedics 50 2.18 959 1.89 1

Cancer 145 3.47 1,474 5.69 12

Psychiatry/neurosurgery 42 1.98 679 2.04 1

Radiology 38 3.08 533 3.66 §

*ILI, influenza-like illness; HCW, health care worker.

tExcludes the 2 long-term care facilities, the outpatient rehabilitation institute, and the administration building.

1p<0.0001 comparison between Heart Institute and other Institutes.
§The Radiology Institute does not contain inpatient beds.

Of 244 HCWs tested for pandemic (HIN1) 2009,
a total of 52 (21%) received positive results. The mean
monthly rate of influenza sick leaves per 100 HCWs
was significantly higher in the Heart Institute, which had
a different sick-leave policy from the other institutes
(p<0.0001) (Table 3). The distribution of ILI-associated
sick leave of HCWs varied by professional category
(Table 4).

Three HCWs were hospitalized in HC because of
pandemic (HINT1) 2009, resulting in a total of 34 days of
hospitalization. One HCW was hospitalized in a private
hospital; related costs were covered by private medical
insurance and thus not included in our analysis. Total cost
in all HC institutes was R$798,051.87 (=US $443,362).
At the Heart Institute (7-day sick leave policy), 169 staff
(physicians, nurses, and nurse assistants) received sick leave
because of ILI, resulting in a total cost of R$343,082.94
(=US $190,602). At the remaining 6 institutes (2-day +
reassessment policy), a total of 415 staff (physicians, nurses
and nurse assistants) received ILI-associated sick leaves,

resulting in a total cost of R$454,968.92 (=US $252,761)
(Table 5). Thus, for each HCW on leave, cost was
R$1,096.31 (=US $609.06) for the 2-day + reassessment
policy and R$2,030.08 (=US $1,127.82) for the 7-day
policy (Table 6).

In the lowest cost scenario, total cost was R$617,135.45
(=US $342,853.02). In the highest cost scenario, total cost
was R$942,588.49 (=US $523,660.27).

During the study period, active surveillance was
conducted for hospital-acquired pandemic (HIN1) 2009
infections. No cases of influenza were documented or
suspected in patients.

Discussion

Pandemic (HIN1) 2009 substantially affected HCW
absenteeism with significantly higher ILI-associated sick
leave during August—October 2009 than during the same
period in 2008. The 2-day + reassessment policy was
less costly (approximately half the cost per HCW) and as
effective for preventing transmission of pandemic (HIN1)

Table 4. ILI-associated sick leaves for HCWs during the pandemic (H1N1) 2009 outbreak, by professional category, Hospital das

Clinicas, Sao Paulo, Brazil, May—October, 2009*

No. ILI-associated

Average leave

Average no. HCWs  Total no. sick leave days/total

Professional categoryt sick leaves duration, d working in hospital no. HCWs/100 HCWs
Physician 32 5.44 2,284 1.27
Nurse 147 3.88 1,113 8.55
Nurse assistant 416 3.28 3,235 7.03
Nurse technician 72 3.76 520 8.69
Physiotherapist 19 3.79 240 5.00
Nutrition assistant 61 2.52 437 5.87
Laboratory technician 28 4.14 398 4.86
Pharmacy or ECG technician 27 2.19 266 3.70
Janitor, doorman, telephone or elevator 144 2.24 1,339 4.01
operator, etc.

Specialized maintenance, e.g., painter, 21 2.95 293 3.53
driver, mechanic, plumber, electrician

Administrative officer 97 2.79 1,200 3.76
Administrative assistant 19 4.21 282 4.73

*ILI, influenza-like iliness; HCW, health care worker; ECG, electrocardiogram.
1Does not include all professional categories.
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Table 5. Costs associated with HCW absenteeism during the pandemic (H1N1) 2009 outbreak, by type of sick leave policy, Hospital

das Clinicas, Sao Paulo, Brazil, May—October, 2009*

2-d + reassessment, n = 415 HCWs 7-d, n =169 HCWs
Cost category Unit cost, R$ No. units Cost, R$ Unit cost, R$  No. units Cost, R$
Direct costs
Diagnosis
Medical consultation 7.90 1,037.50 8,196.25 7.90 185.90 1,468.61
Real-time PCR 100.00 184.00 18,400.00 100.00 60.00 6,000.00
Respiratory swab 0.46 184.00 84.64 0.46 60.00 27.60
Outpatient care
Oseltamivir 112.40 415 46,646.00 112.40 169 18,995.60
Antimicrobial drugs 2.40 83 199.20 2.40 34 81.60
Medication for symptoms 2.95 291 858.45 2.95 118 348.10
Hospitalization, d 1,196.39 30.00 35,891.70 1,871.06 4.00 7,484.24
Staff replacement, d
Physician 858.51 50.50 43,354.76 858.51 17.50 15,023.93
Nurse 257.07 131.60 33,830.41 257.07 166.60 42,827.86
Nurse assistant 167.09 421.40 70,411.73 167.09 419.30 70,060.84
Nonmedical 10.00 1.50 6,225.00 10.00 0.10 169.00
Indirect costs
Productivity losses, d
Physician 381.23 101.00 38,504.23 381.23 35.00 13,343.05
Nurse 307.15 188.00 57,744.20 307.15 238.00 73,101.70
Nurse assistant 157.18 602.00 94,622.36 157.18 599.00 94,150.82
Total 454,968.92 343,082.94

*HCW, health care worker; 2-d + reassessment, 2-day sick leave plus reassessment every 2 days until asymptomatic policy; 7-d, 7-day sick leave policy;

R$, Brazilian reals (R$1.80 = US $1.00).
1+Round-trip bus fare for reassessment.

2009 as the 7-day policy because no cases of nosocomial
acquisition occurred among patients.

The effect on society of influenza leading to
absenteeism is well documented. A systematic review of
studies in this field showed a loss of 1.5-4.9 workdays per
episode of laboratory-confirmed influenza (14), but this
review did not focus on HCWs. The impact of influenza
epidemics on sickness-associated absence in hospitals is
difficult to define. One study involving a hospital in the
United Kingdom during 2 influenza seasons (1993-94
and 1996-97) showed that although the number of ILI-
associated medical consultations in the population increased
markedly during the outbreaks, they did not affect absences
from work of hospital staff (15). Contrary to that study, our
study demonstrated an effect of the pandemic: the number
of HCW sick leaves increased greatly during the pandemic
(HINT) outbreak.

The lack of evidence-based policies for HCW sick
leaves during influenza pandemics led us initially to
consider that recommendations for patients (9) applied to
HCWs, based on potential transmission for 7 days or even
longer if symptoms persist. If we had followed this policy,
our workforce would have been substantially reduced;
thus our capacity to respond adequately to the pandemic
would have been diminished. Because of that, we decided
to apply the 2-day + reassessment policy. One of the HC
Institutes did not comply with the official policy, which
allowed us to compare the policies. Active surveillance
for hospital-acquired influenza among patients was
essential to validate and allow continued reassessment
of the policy. Although costs and cost savings may seem
moderate by some standards, it is necessary to remember
that the minimum monthly salary in Brazil is R$510,
equivalent to =US $283.

Table 6. Costs related to HCW absenteeism resulting from ILI during the pandemic (H1N1) 2009 outbreak, Hospital das Clinicas, Sdo

Paulo, Brazil, May—October 2009*

Cost Baseline cost, R$ (US $) Lowest cost scenario, R$ (US $) Highest cost scenario, R$ (US $)
Total 798,051.86 (443,362.14) 617,135.45 (342,853.02) 942,588.49 (523,660.27)

2-d + reassessment 454,968.92 (252,760.51) 352,527.28 (195,848.49) 537,563.93 (298,646.63)

7-d 343,082.94 (190,601.64) 264,608.17 (147,004.54) 405,024.56 (225,013.64)
Per HCW

2-d + reassessment 1,096.31 (609.06) 849.46 (471.92) 1,295.33 (719.63)

7-d 2,030.08 (1,127.82) 1,565.73 (869.85) 2,396.60 (1,331.44)

*HCW, health care worker; ILI, influenza-like illness; R R$, Brazilian reals (R$1.80 = US $1.00); 2-d + reassessment, 2-day sick leave plus reassessment

every 2 days until asymptomatic policy; 7-d, 7-day sick leave policy.

Emerging Infectious Diseases « www.cdc.gov/eid « Vol. 17, No. 8, August 2011

1427



RESEARCH

Because diagnostic testing was not available for HCWs
during most of the season, most of the decisions regarding
sick leave were based on clinical evaluation, and we could
not evaluate whether absenteeism resulted from influenza
infections themselves or from other factors, such as the
psychological impact of the pandemic and concerns about
self and family health related to occupational exposure at
work. A few studies have evaluated the effect a pandemic
of respiratory disease might have on the attitudes of HCWs
(16,17) and on the distribution of resources within hospitals
(18). In Australia, only 50% of HCWs questioned said they
would come to work during an avian influenza pandemic
(16), and only 25% said they believed that their department
was prepared to handle an influenza pandemic (17). In
our hospital, diagnostic testing (rt-PCR) was available for
HCWs at the end of the season, and only 21% of HCWs
tested received positive results. Whether this percentage
reflects the previous period, when the test was not available,
is not known.

These issues suggest that to mitigate concerns of HCWs,
clear infection control strategies and hospital policies to
protect HCWs and immediate testing of symptomatic
HCWs and patients would reassure the workforce. Thus
advanced planning and preparedness for implementation of
such policies during epidemics and pandemics is needed.

Our study had several limitations. Part of the costs
had to be estimated because of lack of data. We tried to
counteract this limitation by estimating highest and lowest
cost scenarios. In addition, diagnostic testing was available
for HCWs only at the end of the season.

Some positive aspects were observed during the
pandemic (HIN1) 2009 outbreak. Awareness increased
that HCWs should not work when sick with respiratory
infections. Usually HCWs tend to underestimate their
health problems and work when ill, placing patients at
risk (7). Another positive effect was the widespread use
of alcohol-gel solutions within and outside the health
care environment to halt transmission of infection. The
pandemic presented an unprecedented opportunity for
education of HCWs, children, and the general public about
hand hygiene.

In conclusion, our retrospective study evaluated the
effect on HCWs and associated costs of different sick
leave policies implemented during the pandemic (HIN1)
2009 outbreak. The 7-day policy was more costly but not
any more effective than the 2-day + reassessment policy
in preventing transmission to patients. Decisions about
HCW sick leave policies during pandemics should account
for multiple factors, including effectiveness, cost, and
feasibility of implementation during emergency conditions.
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Enterovirus 68 among Children with
Severe Acute Respiratory Infection,
the Philippines

Tadatsugu Imamura, Naoko Fuji, Akira Suzuki, Raita Tamaki, Mariko Saito, Rapunzel Aniceto,
Hazel Galang, Lydia Sombrero, Soccoro Lupisan, and Hitoshi Oshitani

Enterovirus 68 (EV68) is a rare enterovirus associated
with respiratory illness that, unlike other enteroviruses,
has been identified only from respiratory specimens. We
identified EV68 from respiratory specimens of children
hospitalized with a diagnosis of severe pneumonia in Leyte,
Republic of the Philippines. Twenty-one samples showed
high similarity with EV68 by sequencing of 5" nontranslated
region; 17 of these samples were confirmed as EV68 by
sequencing of viral protein 1 capsid coding region. Most
previously reported EV68 cases had been identified as
sporadic cases. All 21 patients we identified had severe
illness, and 2 died, possibly the first reported fatal cases
associated with EV68 infection. Our study suggests
that EV68 may be a possible causative agent of severe
respiratory illnesses.

he genus Enterovirus (family Picornaviridae) contains

10 species: Human enterovirus (HEV) A, HEV-B,
HEV-C, HEV-D, Simian enterovirus A, Bovine enterovirus,
Porcine enterovirus B, Human rhinovirus (HRV) A,
HRV-B, and HRV-C. To date, only 3 serotypes have been
found for HEV-D: enterovirus 68 (EV68), EV70, and EV94.
EV70 is associated with acute hemorrhagic conjunctivitis
(1), and EV94, a newly found serotype in HEV-D, was
identified among enteroviruses associated with acute
flaccid paralysis (2,3). The first EV68 was isolated from
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hospitalized children with lower respiratory infection in
California in 1962 (4). Since then, EV68 has been identified
sporadically from respiratory specimens (5,6). EV68 is one
of the most rarely isolated enteroviruses; only 26 strains
were identified during 36 years of enterovirus surveillance
in the United States (7). All documented EV68 to date have
been reported from the United States and Europe (3-6);
little epidemiologic information is available from Asia and
nonindustrialized countries. The clinical significance of
EV68 is also not well defined.

Enteroviruses are normally acid resistant and grow at
an optimal temperature of <37°C, which enables enterovirus
to amplify efficiently in the alimentary tract. However,
EV68 shares the main characteristics of HRV, which is acid
sensitive and grows at a lower optimal temperature (5,8).
These characteristics may explain why EV68 had been
isolated only from the respiratory tract (5). EV68 and HRV
also share high similarity in the 5’ nontranslated region
(5" NTR) (5,8,9). We report a cluster of EV68 infections
among hospitalized children with severe acute respiratory
illness in the Eastern Viasayas Region of the Philippines
during 2008-2009.

Materials and Methods

Patients

This retrospective study was conducted at Eastern
Visayas Regional Medical Center (EVRMC) in Tacloban
City as part of a pediatric pneumonia study. EVRMC is a
tertiary government hospital for Eastern Visayas Region,
which has a population of ~3.9 million.

Nasopharyngeal swabs were collected from patients
between 7 days and 14 years of age who visited the
outpatient clinic at EVRMC and were hospitalized because
they met the criteria for a diagnosis of severe pneumonia
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as defined by the World Health Organization, that is, “a
child with cough or difficult breathing and with any of the
following signs—any general danger signs (child unable
to drink or breastfeed, child is lethargic or unconscious,
child vomits everything, or convulsions), chest indrawing
or stridor in a calm child—is classified as having severe
pneumonia or very severe disease” (10). Clinical specimens
were collected from 816 children from mid-May 2008 to
mid-May 2009. The median age was 9 months; 53% were
boys. The study protocol was approved by the institutional
review boards of Tohoku University Graduate School of
Medicine, Research Institute for Tropical Medicine, and
EVRMC. Parents or guardians gave written informed
consent for their children to participate in the study.

Molecular Analysis

RNA was extracted from clinical specimens by using
the QIAamp Viral RNA Mini Kit (QIAGEN, Valencia, CA,
USA) according to the manufacturer’s instructions. cDNA
was synthesized by using random primers (Invitrogen,
Carlsbad, CA, USA) and M-MLV Reverse Transcriptase
(Invitrogen).

Samples were screened by PCR targeting the 5" NTR
of thinovirus by using primer pairs DK001 (11) and DK004
(12) (Table 1). PCR amplicons were purified by using a
SUPREC-PCR Kit (TaKaRa Bio Inc., Shiga, Japan) and
used as templates in cycle sequencing (ABI Prism BigDye
Terminator Cycle Sequencing Ready Reaction Kit,
version 1.1; Applied Biosystems, Foster City, CA, USA)
in automated sequencers (3130/3130x1 Genetic Analyzer,
3730/3130x1 DNA Analyzer; Applied Biosystems). For the
samples that showed high identity with previously reported
EV68 in 5" NTR sequences, PCR and sequence analysis
targeting viral protein (VP) 1 were conducted by using
primer pairs 484 and 222 (5) and EV68-VPIF and EV68-
VPIR (Table 1).

Sequence Analysis

Sequence analysis was done by using MEGA3.1
software (wwwmegasoftware.net). Phylogenetic trees were
generated by using the neighbor-joining method, with
maximum-composite likelihood as a substitution model.
Similarity was calculated for each genome region by using

Enterovirus 68 among Children, the Philippines

MEGA3.1 software. Strains of sequences from previous
studies that were used for this study are listed in Table 2.

Results

Sequences of EV68 Strains from the Philippines

Among 816 clinical specimens, a total of 274 were
positive by PCR targeting for the 5' NTR of rhinoviruses,
and, ofthese, 245 were identified asrhinovirus by sequencing
of 5" NTR. Among the remaining 29 specimens, 21 samples
had 95.2%-100% similarity to previously reported EV68
by 5’ NTR sequencing. However, sequences of these
samples had similarity of <86% with those of EV70 and
EV94 (data not shown). Among 8 remaining specimens, 1
specimen was classified as coxsackie virus A16, and other
specimens were not identified as any viruses because of
poor quality of sequence data. EV68 sequences among the
study samples were 96.1%—100% identical to one another
(data not shown). These 21 samples were subjected to
PCR for the VPI region. The VPI region was amplified
only for 17 of 21 positive samples. The similarity that
was calculated for the VP1 region was compared with the
sequences of EV68 from the Philippines, EV68 strains from
other countries, EV70, and EV94 (Table 3). VP1 sequences
from the Philippines had similarity of 86.2%-95.3% with
those of the strains from other countries and had similarity
of 90.6%—-100% to the viruses in the Philippines, while
they had similarity of <65% with EV70 and EV94.

The sequence data described in this paper have been
deposited in the GenBank sequence database under
accession nos. AB569257-AB56924. Because of high
similarity of VP1 sequences among the analyzed samples,
RNA extraction, PCR, and sequencing for VPl were
repeated for selected samples to exclude a possibility of
contamination. All retested samples showed identical
results.

Phylogenetic trees were based on the 5’ NTR and VP1
gene sequences, including the sequences of previously
reported EV68. On the phylogenetic tree based on VP1
sequences, sequences from the Philippines fit into the
EV68 cluster in which all EV68 stains from other countries
are located. This cluster is clearly distinguishable from
clusters of other enteroviruses, including EV70 and EV94

Table 1. Primers used for detection and analysis of EV68, the Phillipines*

Primer (reference)

Primer sequence, 5’ — 3'

Location (location no.)t

DKOO01 (11) CAAGCACTTCTGTTTCCC 5' NTR (164-168)
DK004 (12) CACGGACACCCAAAGTAGT 5' NTR (483-501)
484 (5) GGRTCYCAYTACAGGATGT VP1 (2197-2215)
222 (5) CICCIGGIGGIAYRWACAT VP1 (2933-2951)
EV68-VP1F ACCATTTACATGCAGCAGAGG VP1 (2393-2413)
EV68-VP1R GACAAGAACTTTTTCAAATGGACAA VP1 (2683-2707)

*EV, enterovirus; NTR, nontranslated region; VP, viral protein; F, forward; R, reverse.
TLocation numbers correspond to the genome of EV68 Fermon strain (GenBank accession no. AY426531).
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Table 2. Sequence data used for analysis of EV isolates, the
Philippines*

GenBank

Strain accession no. Location Year
EV68.FR37-99 EF107098 France

EV68.CA62-1 AY426531 United States 1962
EV68.TX99 AY426527 United States 1999
EV68.TX03 AY426526 United States 2003
EV68.NY93 AY426525 United States 1993
EV68.MN98 AY426524 United States 1998
EV68.MD99 AY426523 United States 1999
EV68.MN89 AY426522 United States 1989
EV68.TX02-1 AY426520 United States 2002
EV68.MD02-1 AY426519 United States 2002
EV68.WI00 AY426517 United States 2000
EV68.MO00 AY426516 United States 2000
EV70 DQ201177 Japan ND
EV94 DQ916376 Egypt ND
PV1 DQ792910 Greece ND

*Sequences of 15 referential strains from previous studies, which were
used for genetic analysis in this study, are listed above: 12 sequences of
EV68, 1 sequence of EV70, EV94 and PV1. EV, enterovirus; ND, no data;
PV, polio virus.

(Figure 1, panel B). Among 17 EV68 strains from the
Philippines, no significant variation of VP1 sequences
was observed, except for Ph561, which was not grouped
together with strains from the Philippines but was grouped
with EV68.TX03, which was identified in Texas (United
States) in 2003, and EV68.MD99, which was identified
in Maryland (United States) in 1999 (Figure 1, panel B).
On the phylogenetic tree based on 5' NTR sequences, 21
sequences from the Philippines fit into the EV68 cluster
together with other EV68. There were variations among
viruses from the Philippines in 5’ NTR, especially Ph451
and Ph569, which formed a separate branch from other
EV68 viruses. Ph561 appears to be closely related to
TX03. This sample was also grouped into the same
distinct lineage with TX03 on the phylogenetic tree based
on 5" NTR (Figure 1, panel A). Moreover, Ph561 had
94.9% similarity to TX03, while it was <90.9% identical
to EV68 strains from other countries.

Within the enterovirus species, serotype classification
is based on nucleotide similarity in the VP1 region (13-15).
It was proposed that they should be classified into the same
serotype if they have >75% nucleotide similarity in the VP1
region (>85% amino acid similarity) (13,15). Sequence
analysis of VPI revealed that EV68 detected in the study
had similarity of >86.2% with previously identified EV68,
which matched the proposed criteria. Phylogenetic tree of
VP1 sequences also confirmed that EV68 detected in the
study were located among EV68 clusters with other EV68
strains reported in previous studies.

VP1 sequences were not obtained for 4 specimens
among 21 that were positive for the 5 NTR region,
probably due to the low virus RNA content in the samples.
Reports have shown that sequencing of the 5" NTR is not
reliable for serotype classification due to high frequency of
recombination in this region (16-18). However, similarity
and phylogenetic analysis of the 5" NTR indicated that all
21 specimens had high sequence similarity with previously
identified EV68. These facts indicate that all 21 patients
had EV68 infection.

On the phylogenetic tree based on VP1 sequences, only
Ph561 did not cluster with other strains from the Philippines,
but instead clustered with strains from the United States
(TX03 and MD99). Ph561 was <91.9% identical to other
strains from the Philippines, while other strains from the
Philippines were >97.6% identical to one another. This
finding suggests that the particular virus had a different
origin from others and that >2 genetically different EV68
with divergent VP1 sequences were circulating. However,
there was no unique geographic or temporal characteristic
of Ph561, because this virus was identified from the patient
from Tacloban City in December 2008.

Descriptive Epidemiology of EV68

EV68 was detected in 21 of 816 samples by molecular
methods. These samples represent 2.6% of 8§16 samples
collected in this study.

Table 3. Percentage similarity among viral protein 1 sequences of EV68 from the Philippines and reference strains of EV68, EV70, and

EV94 from other countries*

FR37-99 TX03 NY93 CA62-1 EV70 EV94
Strain (reference) 3) (5) (5) (5)  Ph343 Ph451 Ph513 Ph561 Ph575 Ph43  (12)  (12)
FR37-99 (3) 928 907  88.1 932 932 932 894 941 941 623 678
TX03 (5) 936  89.0 928 928 928 941 936 936 636 678
NY93 (5) 90.3 924 924 924 903 932 932 648 669
CA62-1 (5) 898 919 919 81 919 919 644  66.1
Ph343 975 975 911 983 983 623  66.1
Ph451 100 919 992 992 631  66.1
Ph513 919 992 992 631  66.1
Ph561 928 928 636 657
Ph575 100 631  66.5
Ph43 631  66.5

*In the table, homology of viral protein 1 sequences between the strains are listed horizontally, and those listed vertically are indicated in the box where

the rows for each strain meet. EV, enterovirus.
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Figure 1. Phylogenetic trees of selected

enterovirus (EV) 68 strains, based on the

nucleotide sequence of 2 genomic regions:

A) partial 5' nontranslated region and B)

partial viral protein 1. EV68 strains analyzed

in this study are indicated by black circles.

... Phylogenetic analysis was performed by

- using nucleotide alignments and the neighbor-
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Geographic distribution of the patients who had
positive EV68 samples is shown in Figure 2. Among 21
patients found to have EV68 positive specimens, 12 were
identified in Tacloban City, and the 7 remaining were from
surrounding areas (Figure 2). Patients with EV68 infection
sought treatment beginning in the third week of October
2008, the number of patients peaked in the Ist week of
December, and EV68-positive cases were found after
March 2009 (Figure 3).

The patients in whom EV68 was detected were from 1
month to 9 years in age; median age was 21 months. Eight
of 21 patients were girls, and 13 were boys. Common signs
and symptoms the patients had included cough (100%),
difficulty in breathing (85.7%), wheeze (66.7%), and chest
in-drawing (100%). Fifteen patients were discharged, but
2 patients died during hospitalization. The outcome of 4
patients was not obtained. The 2 deaths represented 9.5%
of 21 patients in whom EV68 was detected, while the rate
of deaths associated with HRV infection in the study period
was 6.1%. Among 816 patients with severe pneumonia,
70 died in the study period. The 2 patients who died with
EV68 infection represented 2.9% (2/70) of the total deaths
of patients with pneumonia.

Discussion
We reported a cluster of EV68 infections among
hospitalized children with a diagnosis of severe pneumonia

Emerging Infectious Diseases « www.cdc.gov/eid « Vol. 17, No. 8, August 2011

in Leyte province, the Philippines. EV68 was identified in
21 cases by PCR and sequencing between October 2008
and February 2009. The number of reported cases of EV68
is limited, and most cases have been reported as sporadic
cases (4-6). As far as we know, clusters of EV68 reported
to date include only 2 reports: 4 cases among hospitalized
children with lower respiratory tract infections in California
in 1962 (5) and 7 cases with febrile respiratory illness among
military recruits in San Diego during 2004 and 2005 (6). We
report a large cluster of EV68 that includes fatalities.

Limitations of this study include the fact that we only
tested samples from hospitalized patients with severe
cases of pneumonia. There might have been many more
cases among patients with milder illness in the community.
Most of the cases were identified in patients from Tacloban
City, the biggest city in the region, but additional cases
were also identified from neighboring communities. It
indicates that the virus was circulating in a relatively large
geographic area during an extended period of 5 months.
It is possible that a rare outbreak of EV68 happened to be
detected during this study period. It is also possible that
EV68 is endemic and causing annual or cyclic outbreaks
in this area. Further studies are necessary to define
epidemiology of EV68 in the Philippines.

EV68 shares several phenotypic characterizations
with rhinovirus, including acid lability and a lower optimal
growth temperature (5,8). The virus that was previously
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Figure 2. Geographic distribution of
residences of patients in whom enterovirus 68
was detected in the Philippines, May 2008—
May 2009. A) Eastern Visayas Region in the
Philippines; B) expanded Eastern Visayas
Region. Address information was obtained
from parents of the children. Locations for 6
patients were unknown.

classified as HRV87 was shown to be identical to EV68
(8,9). It was also shown that EV6S8, like other HRV,
replicates well in the bronchial epithelial cells (5). Human
enteroviruses are commonly isolated from stool specimens;
however, all previously identified EV68 had been isolated
from respiratory specimens (4,6,13). Clinical spectrum of
EV68 infection is still not well defined. However, EV68 may
have similar clinical illness with HRV. HRV was thought to
only cause mild upper respiratory infection. Recently it has
been shown that HRV is commonly associated with lower
respiratory infection (19) and exacerbations of asthma (20—
23). The first isolates of EV68 were detected in hospitalized
children with lower respiratory infection (4). In the present
study, all EV68-positive cases were in hospitalized children

6 B Tacloban City
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4 - mDulag
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Figure 3. Temporal and geographic distribution of enterovirus (EV)
68 cases in Eastern Visayas Region in the Philippines, May 2008—
May 2009. Address information was obtained from parents of the
pediatric patients. The graph shows the number of reported EV68
cases of each week in Eastern Visayas Region, and a report from
a different city in the region is indicated with a bar of different color.
The weeks with no bars indicate no reported cases of EV68.
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with a diagnosis of severe pneumonia, and 2 children died.
Acute respiratory infection, particularly pneumonia, is still
a major cause of child deaths in nonindustrialized countries
(24,25). The clinical importance of EV6S, including its
etiologic role in severe respiratory infection, should be
further defined.

The sequences of 5" NTR are similar between HRV
and EV68 (8). Therefore, EV68 was detected by reverse
transcription PCR (RT-PCR) targeting 5' NTR of HRV (6).
However, the sensitivity of EV68 detection by RT-PCR by
using primers for 5 NTR of HRV has not been validated.
In our study, samples were screened by RT-PCR using
primers for 5’ NTR of HRV, which may have missed some
EV68 positive cases.

In conclusion, our study highlighted the potential
importance of EV68 as a causative agent of severe
respiratory infection, which is a leading cause of pediatric
deaths in nonindustrialized countries. Clinical and public
health impact of EV68 may be underestimated because
isolation of EV6S is relatively difficult and requires the
use of fibroblast cells. Sporadic cases of EV68 have been
detected by virologic surveillance, which suggests that
EV68 is circulating in the community. A careful laboratory
testing approach may be able to detect more EV68 among
patients with respiratory infections.
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RESEARCH

Novel Human Reovirus Isolated
from Children with Acute
Necrotizing Encephalopathy

Louise A. Ouattara, Francis Barin, Marie Anne Barthez, Bertrand Bonnaud, Philippe Roingeard,
Alain Goudeau, Pierre Castelnau, Guy Vernet, Glaucia Paranhos-Baccala,
and Florence Komurian-Pradel

For many encephalitis cases, the cause remains
unidentified. After 2 children (from the same family) received
a diagnosis of acute necrotizing encephalopathy at Centre
Hospitalier Universitaire (Tours, France), we attempted to
identify the etiologic agent. Because clinical samples from
the 2 patients were negative for all pathogens tested, urine
and throat swab specimens were added to epithelial cells,
and virus isolates detected were characterized by molecular
analysis and electron microscopy. We identified a novel
reovirus strain (serotype 2), MRV2Tou05, which seems to
be closely related to porcine and human strains. A specific
antibody response directed against this new reovirus strain
was observed in convalescent-phase serum specimens
from the patients, whereas no response was observed in
38 serum specimens from 38 healthy adults. This novel
reovirus is a new etiologic agent of encephalitis.

ammalian reoviruses, members of the genus

Orthoreovirus, are nonenveloped double-stranded
RNA viruses with a genome composed of 10 segments.
These viruses have 3 major serotypes: type 1 Lang (T1L),
type 2 Jones (T2J), and type 3 Dearing (T3D), which can
be differentiated by neutralization and hemagglutination
inhibition tests (1). A fundamental characteristic of these
viruses, because of their segmented genome, is that 2 distinct
viruses can infect the same cell and combine their genomes,
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thus generating novel viruses (2). The acronym reovirus
(respiratory enteric orphan virus) is used to designate
viruses isolated from the respiratory and enteric tracts of
persons with mild respiratory or gastrointestinal symptoms
(3). Although reovirus infection of humans usually induces
mild symptoms, infection of newborn mice leads to
severe pathologic conditions, such as lethal encephalitis,
depending on the inoculation route and strain (4,5).
Previous studies have described the isolation of 3 reovirus
strains after cell culture of cerebrospinal fluid (CSF) from
patients with meningitis: serotype 1 (6), serotype 3 (T3C96)
(7), and serotype 2 (T2W) (8,9). The etiologic role of the
T2W strain in meningitis could not be ascertained because
the patient was co-infected with other agents (8). Similarly,
new mammalian reoviruses, such as BYD1, JP, and BYL,
were isolated from throat swab specimens of patients
with severe acute respiratory syndrome (10). Similarly,
Melaka virus (11), Kampar virus (12), and HK23629/07
virus (13) were isolated from adults with acute respiratory
infection. Here, we report the isolation of a novel human
typ