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ABSTRACT:  Rodent-borne hantaviruses have been
reported in many of the countries surrounding
Ukraine; however, to date we have no knowledge
of the viral strains circulating in Ukraine within
reservoirs such as the striped field mouse
(Apodemus agrarius), the yellow-necked field
mouse (Apodemus flavicollis), and the bank vole
(Myodes glareolus). To determine the prevalence
of hantaviruses in Ukraine, we captured 1,261
mammals, of which 1,109 were rodents, in 58 field
sites within the province of Volyn in western
Ukraine. Foci of the striped field mouse tended to
occur in the eastern and southern parts of the
province, whereas the bank vole were clustered in
western and northern regions. The striped field
mouse and bank vole had detectable serum
antibodies to Puumala virus (PUUV) or Dobrava
virus (DOBV) antigens at 7% or 2%, respectively,
using an indirect immunofluorescence assay.
Antibody prevalence among the bank vole males
and females was equivalent, whereas for the
striped field mouse, the prevalence among males
was 5% versus 1% for females. In two bank vole
specimens, we were able to detect partial
nucleotide sequences that showed identity to
PUUV. In summary, this study suggests that two
human pathogens, PUUV and DOBYV, cocirculate
in the bank vole and the striped field mouse,
respectively, in Ukraine. Future studies will focus
on new rodent collections that will enable
obtaining the complete genome sequences of
the PUUV and DOBV strains circulating in
Ukraine to provide guidance on the design of
optimal molecular diagnostics that can enable
insight into the potential contribution of hantavi-
ruses to human disease in Ukraine.

Key words: Apodemus agrarius, Dobrava
virus, DOBV, Myodes glareolus, Orthohantavirus,
Puumala virus, PUUV, Ukraine.

To further explore the potential impact of
hantaviral disease on public health in Ukraine,
we collected rodent species in the northwest-
ern region of the country in Volyn Province.
Hantaviruses are widely distributed in nature

in mice, shrews, voles, and bats (Jonsson et al.
2010b; Vaheri et al. 2013a, b). Rodent-
harbored hantaviruses can cause serious
disease when transmitted by aerosolization of
excreta to humans. In Europe, the two species
of rodent-borne hantaviruses responsible for
cases of hemorrhagic fever with renal syn-
drome (HFRS) are Puumala virus (PUUV)
and Dobrava virus (DOBV; Heyman et al.
2011). The reservoirs of DOBV and PUUV
are the striped field mouse (Apodemus
agrarius) and the bank vole (Myodes glareo-
lus), respectively. In Ukraine, cases of HFRS
have been suspected based on clinical symp-
toms; however, there have been no cases
confirmed by diagnostic testing. The high
genetic diversity of PUUV and DOBYV species
across Europe and Asia is well substantiated
(Sironen et al. 2001; Klempa et al. 2013) so it
is impossible to predict which strain or strains
are circulating. Hence, as there are no
reported genetic sequences of any hantavirus-
es from Ukraine, molecular diagnostic testing
of patients remains challenging.

The study region was within Volyn Province
(Fig. 1A), which lies in northwestern Ukraine
(Fig. 1B) and shares international boundaries
with Poland (to the west) and Belarus (to the
north). The province encompasses approxi-
mately 20,100 km? with more than one million
human inhabitants. During 2012 and 2013
field surveys, we sampled terrestrial small
mammals. Surveys were performed during
spring and autumn for approximately 10 d per
survey. A total of 10,575 trap-nights was
expended during four field surveys. These
surveys were performed at 58 field sites within
the province (Fig. 1A), where 1,261 small
mammals (Table 1) were collected (11.8%
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Ficure 1.

Serologic evidence of the presence of the hantaviruses Puumala virus and Dobrava virus in small

mammals in the Volyn Province, Ukraine, as determined by immunofluorescence assay (IFA). (A) Sampling
locations in 2012-13 in Volyn Province where small mammals were captured for testing. (B) The location of
Volyn Province within Ukraine (yellow). (C) Numbers of bank vole (Myodes glareolus) captures, increasing from
0 (white) to 207 (darkest blue). (D) Numbers of bank vole with IFA-positive results, from 0 (white) to 12 (darkest
blue). (E) Numbers of striped field mouse (Apodemus agrarius) captures, from 0 (white) to 57 (darkest blue). (F)
Numbers of striped field mouse with IFA-positive results, from 0 (white) to 5 (darkest blue).

trap success); of these, 1,109 were rodents.
Seventeen species were identified (Table 1),
with the two most common being the striped
field mouse (32.4% of captures) and the bank
vole (34.4% of captures).

Briefly, transects of 25-100 Sherman live
traps were set in uniform habitats in various
political districts within the province. Transect
lengths depended on the size of the available
habitat patch. Traps were set in the afternoon
and baited with rye grain coated in oil and
provided with cotton batting for insulation
during cool weather. Traps were collected the
next morning and rodents were euthanized in
the field according to approved Institutional
Animal Care and Use Committee protocols
(Johns Hopkins University SP 14HO0S). Eu-
thanized animals were identified to species in
the field, and location, sex, and age were
recorded on a necropsy form. Individuals

were sealed in plastic bags on ice and
transported with their necropsy forms to the
laboratory for tissue collection and completion
of the data form that included information on
reproductive status. Tissues were stored at
—-80 C.

Capture locations and associated sampling
efforts were visualized using QGIS version
2.18 (QGIS 2019) and statistical spatial
analysis was performed using SatScan version
9.6 (SatScan 2019) to identify purely spatial
clusters with a discrete Poisson model. Both
the bank vole and the striped field mouse
were widespread but not uniformly distribut-
ed throughout the province (Fig. 1C, E). The
bank voles were predominantly captured
north and west of the main highway (Highway
E373) through the region (Fig. 1C), whereas
the striped field mice were most frequently
captured south and east in the province (Fig.
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TaBLE 1.

Small mammals captured during survey of Volyn Province, Ukraine, from 2012 to 2013 for serologic

evidence of the presence of the hantaviruses Puumala virus and Dobrava virus.

Taxon Common name Scientific name Captures

Rodentia Striped field mouse Apodemus agrarius 408
Yellow-necked field mouse Apodemus flavicollis 23

Wood mouse Apodemus sylvaticus 146

Forest dormouse Dryomys nitedula 1

Harvest mouse Micromys minutus 1

Common vole Microtus arvalis 78

Tundra vole Microtus oeconomus 18

Western European house mouse Mus domesticus 3

House mouse Mus musculus 3

Common dormouse Muscardinus avellinarius 1

Bank vole Myodes glareolus 434

Southern water shrew Neomys anomalus 1

Norwegian rat Rattus norvegicus 2

Northern birch mouse Sicista betulina 4

Carnivora Least weasel Mustela nivalis 3
Insectivora Shrew Sorex sp. 1
Eurasian shrew Sorex araneus 66

Eurasian pygmy shrew Sorex minutus 63

Unknown 5

1E). After adjusting for sampling effort, there
were multiple regions within the province
with significant clusters of elevated trap
success. For the striped field mouse, there
was a geographically extensive cluster in the
southeast, encompassing 10 survey sites,
where sampling success exceeded 10% for
the species. The remaining three significant
clusters were geographically less extensive,
typically including two or three adjacent
sampling sites. These foci extended to the
west and north towards the Polish border.
These four foci accounted for 62% of the
striped field mouse captures. Among the bank
vole sampling, four significant clusters also
were identified. These sites with excess
numbers of vole captures were geographically
less extensive than seen for the striped field
mouse. None included more than three
adjacent sampling sites. They clustered as foci
in the north and western regions of the
province. These four foci accounted for 69%
of the bank vole captures.

We used an indirect immunofluorescence
assay (IFA) to screen rodent blood for
antibodies cross-reactive with PUUV or Han-

taan virus grown in Vero E6 cells (Jonsson et
al. 2010a). Hantaan virus is closely related to
DOBV and can serve as a surrogate antigen
for IFA for screening for antibodies to DOBV.
Blood was harvested from liver from 433 bank
voles, 404 striped field mice, and 23 yellow-
necked field mice. To identify potential
positives, we screened a 1:10 dilution of blood
and then the reciprocal titer was determined
with twofold dilutions of blood from 1:32 to
1:2,048 (Table 2). We detected antibody in
the striped field mouse (2.2%, 9/404) and the
bank vole (7%, 31/433). We expected the
antibody prevalence reflected infection or
prior infection by DOBV and PUUV in the
striped field mouse or bank vole, respectively.
However, only sequencing can confirm the
precise species and strain of virus, as the
antibodies from theses viruses may have some
level of cross-reactivity. None of the yellow-
necked field mice (12 males, 10 females, 1
unknown sex) had any cross-reactivity by IFA
to Hantaan virus antigen. Of the nine
antibody-positive striped field mice, 5% (5/
101) of the males had antibodies, whereas
only 1% of the females (4 of 303 tested) were
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TABLE 2.  Summary of reciprocal titers of antibodies cross-reactive to hantaviral antigens measured in rodent
reservoir species in Ukraine during 2012-13 using an indirect immunofluorescence assay (IFA).

Reciprocal titers

Common name Scientific name 32-64 128-256 512-1,024 2.048-4,096 Total
Bank vole® Myodes glareolus 2 13 16 0 31
Striped field mouse” Apodemus agrarius 7 2 0 0 9

* Bank voles were screened using IFA slides made with cells infected with Puumala virus.

b Striped field mice were screened using IFA slides made with cells infected with Hantaan virus, which has high cross-reactivity to
Dobrava virus and is anticipated to be circulating in these mice in Ukraine.

positive by IFA. Of the 31 positive bank voles,
12 of 169 were male (7%) and 16 of 235 were
female (7%). The sex information was not
taken for three of the antibody-positive and 14
of the antibody-negative animals. The distri-
bution of positive animals by weight is
provided in Table 3. Sites with IFA-positive
results in the small mammals tended to be
most likely in the identified clusters where
large numbers of individuals of the bank vole
(Fig. 1D) and the striped field mouse (Fig.
1F) were available for testing.

Total RNA was extracted from homoge-
nized lung or liver in TRIzol Reagent

(Invitrogen, Carlsbad, California, USA) ac-
cording to the manufacturer’s protocol, with
the exception that Phasemaker tubes (Invi-
trogen) were included to separate layers. We
synthesized complementary DNA using ran-
dom hexamers and SuperScript IV First-
Strand Synthesis System (Thermo Scientific,
Waltham, Massachusetts, USA). Each com-
plementary DNA was then PCR amplified
with Phusion High-Fidelity PCR Master Mix
with HF Buffer (Thermo Scientific) for a total
of 30 cycles using gene-specific primers
(Table 4). Because of the low yield of the
PCR product, all PCR products were pooled

TasLE 3. Distribution by weight and sex of hantavirus antibody—positive and —negative animals detected using
an indirect immunofluorescence assay to Dobrava or Hantaan virus.

Immunofluorescence assay

Common name Scientific name Sex Weight range (g) No. negative No. positive

Striped field mouse® Apodemus agrarius Male 5-14 63 0
15-24 202 4

25-34 29 0

35-44 6 0

Female 5-14 6 0

15-24 67 0

25-34 15 3

35-44 4 1

Bank vole” Myodes glareolus Male 5-14 21 0
15-24 108 11

25-34 25 2

35-44 2 0

Female 5-14 40 4

15-24 145 7

25-34 34 4

3544 1 0

* Screened for antibodies that cross-react to Hantaan virus.

b Screened for antibodies that cross-react to Puumala virus.
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TaBLE 4. Pan-oligonucleotide primers used for genome amplification of complete small, medium, and large
genomic RNA segments targeting Puumala virus for next-generation sequencing.

Genome PCR extension
segment Primer 5" to 3’ primer sequence time (min)
Small 1-30F TAGTAGTAGACTCCTTGAAAAGCTACTACG 1
1888-1917R TAGTAGTAGACTCCTTGAAAAGCAATCAAG
Medium 1-26F TAGTAGTAGACTCCGCAAGAAGAAGC 2
3656-3682R TAGTAGTAGRCTCCGCARCAACAAAAG
Large 1-26F TAGTAGTAGACTCCGAGATAGAGAAR 2
3273-3294R CACCCGRTTTAAYATRGGTCTC
3047-3076F GTGTAGTTGATGCCYTAAGRAAYATWTATG
6527-6550R GAGAAAAGAGCCTCGTATGATGAT

for library preparation for Illumina sequenc-
ing using the Nextera XT DNA Sample
Preparation kit (Illumina, San Diego, Califor-
nia, USA). Libraries were sequenced on the
MiSeq platform (Illumina) using 2X300 paired
ends. The RNA isolation and next-generation
sequencing were conducted again for 26 of
the Myodes for which sample was available.
Of these, two animal lungs were positive by
next-generation sequencing for PUUV se-
quence. Adapters were trimmed on the MiSeq
instrument (Illumina) as well as reads with
Phred quality scores <30. Duplicate reads
were removed and a length fraction of 0.9 and
a similarity fraction of 0.8 were applied to
ensure a quality consensus. In both sequenc-
ing runs, the coverage was too low to
discriminate the specific strain, but examina-
tion by BLAST (National Center for Biotech-
nology Information 2019) suggested the
highest similarity to PUUV.

Our study suggests that two human hanta-
virus pathogens, PUUV and DOBV, cocircu-
late in the bank vole and the striped field
mouse, respectively, in Ukraine. Antibody
prevalence data suggest that, in Volyn Prov-
ince, the probability of spillover to humans
would be from the bank vole of both sexes. In
contrast, the prevalence in the striped field
mouse was lower, and prevalence was higher
in males than females. Unfortunately, we had
so few specimens of Apodemus flavicollis that
we cannot draw any conclusions, and we await
further specimen collections to determine if
any strains of hantavirus are carried by this

species in Ukraine. Lastly, our data suggest
that adults had a higher prevalence, although
additional studies will be required to examine
population and community structure. The
prevalence of HFRS in Ukraine is unknown
but has been suspected by public health
officials based on clinical symptoms. Future
studies will focus on obtaining the complete
genome sequences of the PUUV and DOBV
strains circulating in Ukraine. These efforts
will provide guidance on the design of optimal
molecular diagnostics to determine the po-
tential contribution of hantaviruses to human
disease in Ukraine.

This work was funded by the US Defense
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erative Biological Engagement Program in
Ukraine. The contents of this publication are
the responsibility of the authors and do not
necessarily reflect the views of the US
Defense Threat Reduction Agency or the US
Government. We thank members of the Black
and Veatch Special Projects Corp. and the
Metabiota, Inc., science team for their assis-
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