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ABSTRACT

The coronavirus disease 2019 (COVID-19) pandemic has
demonstrated that new and devastating respiratory pathogens
can emerge without warning. It is therefore imperative that
Special Operations medical personnel be aware of the pres-
ence of emerging pathogens within their area of operation.
Human bocavirus (HBoV) is a newly described member of a
family of viruses known as the Parvovirinae that are often as-
sociated with acute respiratory illness. The presence of HBoV
in the country of Georgia has not been previously reported.
Nasal and throat swabs were collected from 95 symptomatic
members of the Georgian military. HBoV was detected in 11
of them (12%). To our knowledge, this is the first report of
HBoV infection in the country of Georgia. This finding may
have a significant impact on members of the Special Opera-
tions community who train in Georgia as more data concern-
ing the transmission, pathogenesis, and treatment of HBoV
are accumulated and the role of HBoV in human disease is
more clearly defined.
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Introduction

HBoV was discovered in 2005.' The name bocavirus comes
from the combination of the first two letters of “bovine par-
vovirus” with the first two letters of “canine minute virus.”
These viruses primarily infect domestic animals, resulting in
acute gastrointestinal dysfunction and stillbirth. The name
bocavirus was chosen because of similarities in the genetic se-
quence and genomic organization between the newly described
HBoV and these two close relatives.! To date, HBoV has pri-
marily been detected as the cause of respiratory infection in
young children.? However, it has also been detected in adults
as a component of multipathogen synergistic infections. HBoV
is most often found in nasopharyngeal secretions, in whole
blood, and in the serum of patients with upper and lower re-
spiratory tract infections. However, it has also been detected
in fecal specimens derived from patients presenting with acute
gastroenteritis. Although the exact cause of the gastroenteri-
tis in these patients has not been determined, this finding
indicates that HBoV may be involved in the pathogenesis of

gastrointestinal illness in humans, just as bovine parvovirus
and canine minute virus are involved in the pathogenesis of
gastrointestinal illness in domestic animals.>* HBoV is distrib-
uted worldwide, and it has been detected in clinical material
derived from both children and adults in Europe, Asia, the
Americas, Africa, and Australia.> The transmission of HBoV
infection is seasonal; it has been found to occur at a constant
low level throughout the year, but detections tend to peak
during late winter and early spring.’

The mechanism of HBoV pathogenesis has not been fully elu-
cidated, and it is not known whether the various disease states
that have been associated with this virus result from the virus
itself or from coinfection with other pathogens. Indeed, it is un-
clear whether HBoV functions as a pathogen or a passenger in
most of the cases in which it has been detected.® This lack of
granularity regarding the role of this virus in the pathogenicity
of infectious disease is because an appropriate animal model
capable of sustaining the growth of HBoV has not been de-
veloped, and the virus is notoriously difficult to culture in the
laboratory environment.” Furthermore, HBoV infection is often
accompanied by coinfection with bacteria and other viruses.
Notably, coinfection has been detected in up to 83% of respira-
tory samples in which HBoV was present.® It is possible that the
virus may be a passenger in some cases and a pathogen in other
cases, but there are currently no methods available to distin-
guish between these two possibilities.” Further research will be
required to resolve these issues, and the development of robust
animal and cell culture models will be a prerequisite for the de-
termination of the role of HBoV in the development of disease.

Despite the current limitations, a variety of signs and symp-
toms has been described in patients with HBoV infection, and
these have been used to generate a standardized description
of the results of infection with this virus.' The symptoms of
HBoV infection include rhinitis, pharyngitis, cough, dyspnea,
wheezing, pneumonia, acute otitis media, fever, nausea, vom-
iting, and diarrhea. Many of these potential manifestations
have not been systematically explored, and many have been
questioned because of the detection of high levels of coinfec-
tion in symptomatic subjects and high HBoV detection rates
in asymptomatic subjects.*’ It is important to note that se-
vere cases of HBoV infection without coinfection have also
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been described. Indeed, a fatal case of an immunocompetent
elderly patient resulting from primary viral pneumonia caused
by HBoV has been reported in Japan.'' Such reports under-
score the need for military medical providers to be familiar
with HBoV and suggest that the incorporation of an assay to
detect this virus into the protocols for the diagnosis of cases of
acute respiratory infection is warranted.'?

At present, HBoV is mainly detected using molecular tech-
niques such as polymerase chain reaction (PCR) and reverse
transcriptase—PCR. This method detects the presence of viral
genetic material and is indicative of a current infection. Sero-
logic methods can also be used to detect the presence of anti-
bodies to the virus, but this method is not routine because of
the complexity of the procedure and lack of commercial kits
and standardized procedures.'® Further, serologic testing is in-
dicative only of previous exposure to the virus and cannot be
used to identify the presence of an active infection. Molecular
testing for the presence of HBoV in a recent study in Spain
involved the analysis of more than 3000 nasopharyngeal as-
pirates and revealed the presence of this virus in 319 patients
(9.9%). Eighty of those tests (25%) detected HBoV as a sin-
gle pathogen, and 239 (75%) detected HBoV as a coinfection
with other viruses.'* A similar study conducted in central Rus-
sia involved the screening of more than 5500 stool samples of
children with gastroenteritis for HBoV. Viral DNA consistent
with HBoV was found in 1.2% of the samples. In addition, it
was found that coinfection was most frequently detected with
rotavirus A and norovirus GII, both of which are recognized as
common causes of acute gastroenteritis.!* Significantly, HBoV
has been detected in healthy human blood, including blood
collected from healthy blood donors. This is concerning be-
cause of the heavy reliance of the military healthcare system on
donated blood for the stabilization and treatment of combat
casualties. Indeed, one study revealed that of 300 donor blood
samples that were screened for HBoV, 21 were positive.'® It is
important to note that, at present, there is no restriction on the
use HBoV positive blood or blood products for patient care
and that testing for HBoV is not a routine practice in most
blood banks and blood donor centers.!”

There is currently no information about HBoV prevalence in
the country of Georgia. This is concerning, given that respira-
tory viruses are known to have a negative impact on military
operational readiness.'® In this sentinel surveillance study, we
evaluated military personnel who were referred to the Geor-
gian Military Hospital with influenza-like symptoms for the
presence of HBoV. In addition, we screened all samples with
a panel of common respiratory viruses. HBoV was detected
in 11 of 95 respiratory samples (12%) that were collected for
this study. This is the first detection of HBoV in the country
of Georgia, and the results indicate that this virus is currently
circulating among the military population and that it is most
likely circulating among the Georgian population.

Methods

Study Site

The Georgian Military Hospital, located in the city of Gori,
was selected as the study site. This hospital provides medi-
cal service for Georgian military personnel from throughout
the country. In case of an outbreak of acute respiratory illness
(ARI), the infectious disease department of the Military Hos-
pital manages both inpatient and outpatient cases.

Study Population

Military personnel aged =18 years who were referred to the
infectious diseases department of the Military Hospital with
signs or symptoms of acute respiratory infection were offered
to voluntarily participate in the study. Each study subject gave
a written informed consent. The study was approved by the
institutional review boards of the Military Hospital and the
Walter Reed Army Institute of Research. Patients <18 years
old and illiterate subjects were excluded (the current literacy
rate in Georgia is 99%").

Study Procedure

Participants were asked to complete a standardized epidemi-
ologic questionnaire at the time of enrollment. The question-
naire included demographic data (e.g., gender, travel history,
contact with animals, date of illness) and clinical data (e.g., signs
and symptoms, duration of illness, secondary complications).
This study did not alter the diagnosis or treatment procedures
regularly conducted at the Military Hospital.

One nasal swab and one throat swab were obtained at the
time of enrollment. Once a week, samples were transferred
to the US Army Medical Research Directorate in Georgia lab
for testing and archiving. This laboratory is located in Tbilisi,
at the Lugar Center for Public Health Research. Before test-
ing, all samples were at stored at —-80°C (-112°F). Both nasal
and throat swab samples were tested using a multiplex PCR
platform developed by Fast-Track Diagnostics (Alzette, Lux-
embourg), which detects the following pathogens: influenza
A, HINT1, influenza B, rhinovirus, coronavirus NL63, 229E,
0C43, HKU1, parainfluenza types 1, 2, 3, and 4, human
metapneumovirus A/B, respiratory syncytial virus A/B, adeno-
virus, enterovirus, parechovirus, and HBoV.? All laboratory
testing was performed following the manufacturer’s instruc-
tions for the use of the Fast-Track platform.

Results

To determine whether HBoV is circulating in the military pop-
ulation in the country of Georgia, a cohort of military person-
nel presenting to the Military Hospital with acute respiratory
illness was enrolled into the study. Between January and De-
cember 2016, 95 subjects were enrolled. Only one subject was
a female. The mean age of the subjects was 24 years. All pa-
tients presented with flu-like symptoms. The highest detected
temperature was 39.8°C (103.6°F), and 92% of subjects had a
fever (>38°C [>100.4°F]) at the time of presentation. None of
the subjects had been vaccinated against influenza, and 30%
of the subjects required hospitalization.

Nasal and throat swabs were collected from each subject. The
presence of DNA consistent with HBoV or a panel of common
respiratory viruses was detected using a multiplex PCR assay.
HBoV was found to be positive in 11 of the 95 subjects (12%).
Both nasal and throat swabs were positive in only one patient
(1%). The nasal swab alone was found to be positive for six
subjects (6%), and only the throat swab was positive in four
subjects (4%). Subtypes of the virus were not defined.

The symptoms experienced by subjects with positive HBoV
detections did not differ markedly from those of the total
study population (Table 1). Some differences included the
presence of cough, runny eyes, ringing in the ears, malaise,
dizziness, and sinus pain, all of which were found to be slightly
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TABLE 1 Frequency of Signs and Symptoms in HBoV-Positive
Group (n = 11) in Comparison With the General Study Group
(n=95)

TABLE 2 Rates of HBoV Coinfection With Common Respiratory
Viruses for Each of the 11 Detections of HBoV, in Comparison With
the Total Number of Detections of Each Virus in the Total Study

increased in subjects that were coinfected with HBoV in com-
parison with the total study population. One notable differ-
ence between the HBoV-positive group and the general study
population was the presence of pneumonia, which was more
common in the HBoV-positive group than in the general study
group (33% vs 6%).

Coinfections were detected in every HBoV-positive case. Coin-
fecting viruses included some of the most common respiratory
pathogens, including influenza, human parainfluenza virus,
respiratory syncytial virus, human metapneumovirus, entero-
virus, and rhinovirus. The highest rate of coinfection was de-
tected with human parainfluenza virus 1, which was detected
in nine cases of coinfection, followed by human metapneumo-
virus A/B, which was detected in seven cases of coinfection

(Table 2).

Discussion

HBoV is a newly discovered virus and, to our knowledge, it
has not previously been detected in the country of Georgia.
In this study, we detected 11 positive cases of HBoV of a total
935 tested subjects who reported to the Georgian Military Hos-
pital with acute respiratory disease. Consistent with existing
literature, all the positive cases were also positive for one or
more coinfecting respiratory pathogens. The role of HBoV in
the pathogenesis of respiratory disease is not fully understood.
Our data support the notion that this virus often coexists with
other respiratory viruses and that it may participate in the
pathologic process.

Number and Number and Population of 95 Subjects
Percentage in Bocavirus- | Percentage in Total Number and Number and
Signs/Symptoms Positive Subjects Study Population Percentage in Bocavirus- | Percentage in Total
o o Positive Subjects Study Population
Coug}lll N 11 (100%) 87 (92%) Virus S s
et wefrouble 1 (0.9%) 7 (7%) Influenza A 2 (18%) 43 (45%)

- HPIV1 9 (82%) 12 (13%)
Il;leisntﬁgs};?;elinzted? 6 (55%) 29 (30%) HPIV3 2 (18%) 5 (5%)
Stiff neck 1 (0.9%) 13 (10%) HPIV4 1 (9%) 1 (1%)

Eye pain 6 (55%) 49 (52%) Respirgtory 1 (9%) 1 (1%)
Muscle aches 8 (73%) 69 (73%) syncytial virus

Runny eyes 2 (18%) 7 (7%) Enteroviruses 1 (9%) 0 (0%)
Wheezing 0 (0%) 0 (0%) Rhinovirus 1 (9%) 10 (11%)
Hoarseness > 45) 21 (22%) Ir;lleltlzril;rrlleumovirus 7 (64%) 10 (11%)
Trouble breathing 1 (0.9%) 2 (2%) A/B

Ringing in ears 3 (27%) (7%) HPIV = human parainfluenza virus.

Fever 11 (100%) 93 (98%)

Malaise 9 (82%) 57 (60%)

D.1221nes? 7 (64%) 33 (56%) The military population of Georgia predominantly consists of
Sinus pain 6 (55%) 26 (27%) young adults, and because HBoV is more common in children,
Sore throat 8 (73%) 73 _(77%) it is possible that younger people are at a higher risk for coin-
Runny/stuffy nose 6 (55%) 50 (53%) fection with this virus than are older people. A possible pos-
Headache 11 (100%) 87 (92%) itive correlation was detected between the presence of HBoV
Photophobia 2 (18%) 17 (18%) and the development of pneumonia. This finding may indicate
Prenmema 4 (36%) 6 (6%) that HBoV tends to increase the severity of acute respiratory
Vaccinated against . . illness, a phenomenon that might also be reflected in the in-
influenza 0 (0%) 0 (0%) creases in the presence of cough, runny eyes, ringing in the

ears, malaise, dizziness, and sinus pain that was also observed.
Although the mechanism of HBoV pathogenesis is not cur-
rently known, it is possible that HBoV pathogenesis synergizes
with the pathologic processes of coinfecting viruses, thus lead-
ing to an enhancement of the overall pathologic process and
an increase in disease symptomology.

Significantly, the symptoms and the seasonality of HBoV
overlap with those of the novel SARS-CoV-2 virus that is the
causative agent of the COVID-19 pandemic.?! It is therefore
possible that HBoV infection can confound the diagnosis of
respiratory disease in Georgia. This may be especially true in
regions of the country that do not have access to a robust clin-
ical laboratory infrastructure and molecular diagnostics.

There are several limitations to this study. The major limitation
is that this was purely a molecular study with a small sample
size and that the virus was not isolated or directly observed; it
is therefore impossible to determine whether the positive PCR
results were indicative of active infections or whether they re-
sulted from the amplification of the fragmented DNA released
from inactive virus. Another limitation is that Koch’s postu-
lates for HBoV have not been fulfilled, and because the role
of this virus in respiratory disease has not been completely
elucidated, it is impossible to determine whether the respira-
tory symptoms identified in this study are a direct result of
the HBoV infection of whether they result primarily from the
coinfecting virus or bacteria. A further limitation is that the
age range of the study population does not match the typical
age of Special Operations personnel. It is hoped that, despite
these limitations, the data presented in this report will serve
to inform members of the military medical community about
the presence of HBoV in Georgia. It is also hoped that this
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data may stimulate further investigation into the natural his-
tory and the transmission patterns of this emerging pathogen.
While HBoV may not be a highly virulent or a highly trans-
missible pathogen at present, previous studies have indicated
that it has the potential to become a serious cause for con-
cern. One of these studies has reported that different strains of
HBoV can swap and recombine genetic material.?? This “gene
swapping” may lead to increasing awareness that new or more
virulent strains can emerge.?> There is also evidence that this
virus can interact with other viral pathogens in the host, pos-
sibly leading to increased pathogenicity.?

Georgia was the largest non-NATO contributor to the Reso-
lute Support mission in Afghanistan. In addition, Georgia has
participated in numerous NATO and European Union peace-
keeping operations, and it deployed several combat infantry
brigades to assist US forces in Iraq. It is anticipated that US
military personnel will continue to work side by side with
their Georgian counterparts in Georgia and throughout the
world. Understanding the impact of HBoV and other emerg-
ing pathogens on the Georgian military will allow the medical
personnel of the US Special Operations community to better
assist in the diagnosis and treatment of both Georgian and US
military personnel. It is therefore recommended that military
medical personnel operating in Georgia and throughout the
Caucasus region become familiar with HBoV and that HBoV
be considered in the differential diagnosis of acute respiratory
infection. This may be especially important in cases where the
symptoms are more severe than expected during the winter
and early spring months and when there is a possibility for
coinfection or confounding with SARS-CoV-2. It is also rec-
ommended that surveillance efforts be directed toward deter-
mining the actual burden of HBoV in the Georgian population
and that research be undertaken to determine the mechanisms
of HBoV pathogenesis, so that informed decisions can be
made regarding the development and selection of diagnostic
and treatment protocols capable of mitigating the threat of
this agent to military personnel in Georgia.
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