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Abstract

Puumala virus (PUUV), which causes hemorrhagic fever with renal syndrome (HFRS), is
endemic in Russia, including the Republic of Tatarstan (RT). Although hundreds of HFRS cases
are recorded in RT annually, little is known about the genetic diversity of PUUV in Tatarstan.
For this study, partial PUUV sequences of the S and M genome segments were obtained from
bank vole populations in Tukayevsky and Nizhnekamsky districts. The genetic diversity among
newly identified PUUV isolates was in the range of 0.0-3.3% for both S and M genome seg-
ments, with these isolates displaying from 5.1% to 7.8% of nucleotide sequence differences
from the strains previously identified in Russia. All the recovered PUUV genome sequences
phylogenetically clustered with the known PUUV strains of the previously defined Russian
(RUS) genetic lineage and clearly differed from other strains circulating in the RT. It was found
that the genome composition of PUUV/Nizhnekamsky/MG 134/2015 strain is likely to be
a result of the intra-lineage recombination or genetic reassortment of two distinct PUUV strains.

Keywords: Puumala virus (PUUV) genome, Hantaviruses, Bunyaviridae, hemorrhagic
fever with renal syndrome (HFRS), S segment, M segment, recombination, reassortment

Introduction

Hemorrhagic fever with renal syndrome (HFRS) is endemic in Eurasia, including
the European part of Russia where the Republic of Tatarstan (RT) is located. In most
cases, Puumala virus (PUUV) causes a mild form of a disease, which is often referred
to as nephropathia epidemica (NE) in Europe [1, 2]. When the PUUV infection pro-
gresses in humans, it triggers an acute onset with flu-like symptoms. Later, patients
display symptoms of impaired renal function, and disturbed hemodynamics develops
in many cases [1, 3, 4]. Most of the patients fully recover with no post-morbid com-
plications [1]. Of all human infectious diseases occurring in the territory of Russia,
47.3% are zoonotic infections. HFRS cases represent 90% of zoonotic infections,
with the mortality rate of 0.1-0.4% [5]. In the European part of Russia, 83.3% of
HFRS cases are registered in the Volga Federal District (VFD) [5, 6]. Among
the most affected regions in the VFD, the RT follows Udmurtia, Republic of Bash-
kortostan and Mordovia [7]. Although several investigations have been conducted to
map the distribution and genetic diversity of PUUV in Tatarstan, there is still more
to be done to fully describe variations of the PUUV strains circulating in the RT.
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PUUV is a leading cause of HRFS in the RT. This zoonotic agent belongs to
the genus Hantavirus, family Bunyaviridae [8]. In nature, PUUV is known to cause
lifelong asymptomatic infection in its main natural host, the bank vole (Myodes
glareolus) [9]. The PUUYV virus is transmitted to humans by inhalation of aerosolized
contaminated urine and feces [10].

The RNA genome of PUUV is tri-segmented of the negative polarity [11]. The three
segments are arranged according to their size and code for specific proteins: the small (S)
segment codes for the nucleocapsid protein (N protein); the medium (M) segment
codes for the surface glycoproteins G1 and G2 (Gn and Gc, produced by cleavage of
the glycoprotein precursor, GPC); the large (L) codes for the RNA-dependent RNA-
polymerase (RdRp) [10, 12].

Currently, eight PUUV genetic lineages have been discovered to circulate in their
reservoir rodent populations and infect humans worldwide [10]. The latest PUUV ge-
netic lineage has been detected in Latvia (LAT) and found to be co-circulating with
the Russian (RUS) PUUV genetic lineage [13]. Generally, the genetic diversity of
the virus lineages is structured geographically [10, 17]. Depending on the location,
the genetic diversity of the local virus strains usually varies between 0 and 10%,
reaching 15% in larger areas.

The goal of the current study was to look into the genetic variations of the PUUV
strains circulating in bank vole populations of two RT districts, Tukayevsky and
Nizhnekamsky, both situated in the east-central part of the RT. The partial nucleotide
sequences of the PUUV S and M genome segments (566 and 1014 nucleotides, respec-
tively) from the bank voles captured in 2015 were determined. These sequences were
compared to the known PUUYV strains from the Russian Federation (RF) regions Sa-
mara, Udmurtia and Republic of Bashkortostan as well as few other selected PUUV
strains that belong to different genetic lineages. The S segment of RT PUUYV strains
detected in the course of our previous work was also included in the comparison [7].

1. Materials and Methods

Frozen rodent lung tissue samples were obtained from the Center for Hygiene
and Epidemiology in the Republic of Tatarstan (Kazan, Russia). Data on the location
of the trapping sites are given in Fig. 1. Total RNA was extracted from lung tissues
using Trizol Reagent (Invitrogen, USA) following the manufacturer’s protocol.
The concentrations of RNA were measured using a NanoDrop 2000 UV-vis Spectro-
photometer (Thermo Fisher Scientific, USA) as specified by the manufacturer.

For cDNA synthesis, RevertAid Reverse Transcriptase (Thermo Fisher Scien-
tific, USA) was used. The PCR amplification of the partial S and M segment se-
quences (723- and 1132-bp fragments, respectively) was performed as described in
our previous report using the same techniques as for the M segment [14]. The result-
ing amplicons were separated with 1.0% gel electrophoresis. The sequencing was
carried out using ABI PRISM 310 and Big Dye Terminator 3.1 Sequencing Kit (ABI,
USA). The primers used for RT-PCR and sequencing are summarized in Table 1.
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Fig. 1. The location of rodent trapping sites

Table 1
Primers used for RT-PCR amplifications and sequencing
Genome Primer Primer sequences, 5' — 3'
segments designations
S PuuV-For’ CTGCAAGCCAGGCAACAAACAGTGTCAGCA
PuuV-Rev' TCTGCCACATGATTTTTGTCAAGCACATC

M F1452PUUVM TCTTTAATCCCAGGAGTTGC
R2582PUUVM | AAATTGTCCCTATTAAACACAC

*Primers were previously described in [14].

The DNASTAR software (Lasergene package) [15] and Mega v7.0 [16] were
used for sequences comparison and for phylogenetic analysis by the maximum parsi-
mony method. For comparison, strains PUUV/Kazan/MG 003/2014, PUUV/Kazan/
MG _004/2014, PUUV/Kazan/MG_032/2014, and PUUV/Kazan/MG_037/2014 (our
previous data described in [7]), known PUUYV strains from Samara, Udmurtia, and
the Republic of Bashkortostan, and other PUUV strains from some genetic lineages
were used. The sequence accession numbers for the partial S segment tree are as fol-
lows: AB433843 (Samara 49/CG/2005), 284204 (PuwKazan), 721497 (Udmurtia/
894Cg/91), M32750 (CG1820), AB297665 (DTK/Ufa-97), AF442613 (CG17/
Bashkiria-2001), JN657230 (PUUV/Jelgava/ Mgl136/2008), JN657229 (PUUV/
Madona/Mg99/2008), JQ319168 (PUUV/Konnevesi/Mg_022B/2005), JN831950
(PUUV/Pieksamaki/human_kidney/2008), HE801633 (Sotkamo 2009), AF367071
(CRF366_Omsk), KP292966 (Kuchukl170/ Mg/2007), AJ238790 (Gomselga),
AJ238789 (Kolodozero), GQ339485 (Mangelbo/Mgl/05), GQ339487 (Munga/
Mgl16/05), AY526219 (Umea/hu), KT247596 (PUUV/Jura/Mg2/2010), KT247595
(PUUV/Orleans/Mg29/2010), and KJ994776 (Mu/07/1219 Lower Saxony) strains.
The accession numbers of the partial M segment tree are as follows: Z84205
(Puw/Kazan), AB433850 (Samara 49/CG/2005), L08754 (K27 Bashkiria),
AB297666 (DTK/Ufa-97), M29979 (CG1820), JQ319174 (PUUV/Konnevesi/
Mg M78B/2005), JN831948 (PUUV/Pieksamaki/human lung/2008), HE801634
(Sotkamo 2009), U14136 (Vranica), KT247603 (PUUV/Ardennes/Mgl156/2011),
KT247599 (PUUV/Jura/Mg214/2010), KT247601 (PUUV/Orleans/Mg29/2010), and
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KJ994777 (Mu/07/1219 Astrup) strains. The corresponding Tula virus sequence,
accession number EU439951 and NC 005228 for the partial S and M segments, re-
spectively, was used as an outgroup.

2. Results and Discussion

Overall, 14 and 10 bank voles were trapped in 2015 in the forests located in
Nizhnekamsky and Tukayevsky districts, respectively. The PUUV RNA was detected
in five and three bank voles captured at sites S1, S2, S3, S4, and S5, all located in
the east-central part of the RT. Thus, the infection rate in the corresponding populations
of bank voles was 33.3%. The PUUV identity was confirmed by sequencing all the
detected eight strains and comparing them to the known selected PUUV strains re-
trieved from the NCBI GenBank database. The number and designations of the se-
quenced samples are shown in Table 2.

Table 2
The number of nucleotide sequences obtained per site and designation of samples
Specific district and| Trapping | Sequences Sample designations

pool designation sites obtained

S1 1 PUUV/Nizhnekamsky/MG 134/2015
Nizhnekamsky S2 1 PUUV/Nizhnekamsky/MG 137/2015

S3 1 PUUV/Nizhnekamsky/MG 139/2015

(NIZ pool) =

PUUV/Nizhnekamsky/MG_154/2015"
PUUV/Nizhnekamsky/MG 158/2015
PUUV/Tukaevsky/MG_260/2015

S5 3 PUUV/Tukaevsky/MG 262/2015
PUUV/Tukaevsky/MG 265/2015

* The M segment sequence was not retrieved from this sample.

S4 2

Tukaevsky
(TUK pool)

The comparative analysis of the partial S segment sequences (566 bp long, nu-
cleotide positions from 240 to 805) revealed that the virus strains obtained from the
bank voles within the sites S4 and S5 were shown by low divergence (0.4% and
0.0%, respectively). The sequence divergence between the PUUV strains from dif-
ferent sites (S1, S2, S3, and S4) detected in Nizhnekamsky district was higher, rang-
ing from 0.4% to 2.5%. The sequences of the PUUV strains from Nizhnekamsky and
Tukaevsky districts differed by 2.2-3.3%. The low divergence observed between the
RT PUUV strains suggested that these strains belong to the same genetic lineage.
These results agree with the observations made in Belgium, in which the low diver-
gence was detected in PUUV nucleotide sequences obtained within the same locality
[17]. The comparison of the sequences obtained demonstrated 5.1-7.8% of divergence
from the RUS genetic lineage (Kazan, Udmurtia, and Samara strains). In addition, the
PUUYV sequences obtained in the current study displayed 15.1-20.6% of nucleotide
differences from the strains belonging to the FIN, LAT, CE, and other lineages (Ta-
ble 3). Previously, the data obtained in northern Finland and Central Europe showed
the PUUV genetic diversity between strains belonging to the same lineage to be 0.2—
4.9%, while the between-lineage diversity was observed to be 15.3-16.6% [11, 12].
Therefore, one can conclude that all partial PUUV S segments detected in the current
study are closely related to the RUS genetic lineage.
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Table 3

The partial PUUV S segment nucleotide diversity between the samples investigated and the
strains from GenBank

S| 3
£ =| 5| g Ig i <! E 5 S = «
2 2| S| RB|la|E| 2| 2| 2| 3| 2| 2|65
134 |54 625856587950 159| 75 | 161 | 152 | 15.1 | 188 | 16.0

137 165]74|59(168[7.0]/90]60| 159 | 86 | 16.1 | 152 | 15.1]203 | 17.2
139 169]78|65(72(74]192]62|154| 88 | 156|152 | 158 | 19.6 | 15.8
154 155]74|59(68[7.0/90]6.0| 159 | 86 | 16.1 | 152 | 15.1]203 | 17.2
158 [5.1]7.0|59]64[66|86|56|163 | 82 | 165|152 |153]20.6|17.2
260

262 |58|7.0(6.1{63[65|87|58|168 | 83 |16.7|159|17.0]|19.0| 16.4
265

The analysis of the partial S segment nucleotide sequence isolated from eight
bank voles revealed 25 point mutations. The most frequent ones were T-C substitu-
tions (36%). Twenty-two nucleotide substitutions were in the third position of
the corresponding codons and did not lead to changes in the deduced amino acid
sequences. This may be a result of the strong negative selection operating at the N
protein level [7]. In addition, the strains PUUV/Tukaevsky/MG 260/2015,
PUUV/Tukaevsky/MG_262/2015, and PUUV/Tukaevsky/MG _265/2015 had one
nucleotide substitution found in the third position of the codon (A/G756T) that led
to the amino acid substitution of glutamic acid for aspartic acid (Glu238Asp) in
the deduced N protein sequences. Two remaining nucleotide point mutations found
in the first position of codons, C454T and C463T, were silent.

The comparison of the deduced amino acid sequences showed that the sequences
of all five strains from Nizhnekamsky district were identical to the known Samara
strain (Fig. 2). The sequences of the strains from Tukaevsky district had a specific
amino acid marker (Asp) in position 238, which was previously found in the Kazan
and Udmurtia strains. These findings suggest that the three strains are more closely
related to the Kazan and Udmurtia strains than strains circulating in Nizhnekamsky
district. Thus, we found two variants of the N protein amino acid sequences in the
investigated strains.

The nucleotide sequence comparisons of the partial M segment (1014 bp long,
nucleotide positions from 1499 to 2512) of the PUUV strains investigated demon-
strated low nucleotide sequence divergence (from 0.1% to 0.3%) among the samples
obtained from the site S5. Compared to the S segment, the M segment sequences
showed a similar level of nucleotide diversity, with the low values of 0.0% to 2.5%
among the strains isolated from bank voles captured at sites S1, S2, S3, and S4
in Nizhnekamsky district. The sequence divergence between the strains from Nizh-
nekamsky and Tukaevsky districts varied from 2.1% to 2.4%. Likewise, the sequences
obtained showed 6.8-7.6% of nucleotide differences when compared to the Kazan
and Samara PUUV strains of the RUS genetic lineage (Table 4).
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Fig. 2. Amino acid sequence alignment of the PUUV partial N protein between the PUUV
strains investigated and the selected sequences from GenBank
Table 4

The partial PUUV M segment nucleotide diversity between the samples investigated and the
strains from GenBank

DTK Ufa-97
Sotkamo 2009

Strain
Kazan
Samara
K27 Baskiria
Konnevesi
Orleans
Jura
Ardennes
Astrup
Vranica

134 | 6.8 | 74 | 155155189 | 189|243 ]232|21.1|24.1]249
137 74 | 74 [ 149149164 | 176|243 ]23.0]20.1 |23.7]23.4
139 | 7.6 | 74 | 150 | 15.0 | 16.8 | 17.5 | 24.8 | 24.8 | 20.5 | 243 | 24.5
158 74 | 74 [ 149149164 | 176|243 ]23.0]20.1 |23.7]23.4

260
262 6.8 | 7.1 | 14.8 | 148 | 17.7 | 183 | 245 | 23.4 | 19.7 | 23.7 | 24.0
265

The PUUV sequences obtained displayed a higher divergence from the PUUV
sequences of the FIN, LAT, CE and other lineages, with the difference varying from
16.4% to 24.8%. This data showed that the M segment nucleotide sequences of the
PUUV strains obtained in the current study are closely related to the sequences of the
PUUYV strains of the RUS genetic lineage. The results are consistent with our previ-
ous observations and with the earlier results described by others, specifically, obser-
vations made in Central Europe where the divergence for the M segment reached
18.7-19.9% [7, 11]. Therefore, we postulate that the sequences of the M segment
belong to the RUS genetic lineage circulating in the east-central part of the RT.

The sequence analysis of the partial M-segment coding region (1014 bp long)
revealed 58 point mutations that were observed consistently in the investigated
strains when compared to the Samara and Kazan strains. The most common muta-
tions were transition T-C substitutions (25.8%). As expected, 48 mutations occupied
the third position of the codon and were silent. In addition to these mutations, the
strains PUUV/Nizhnekamsky/MG_137/2015, PUUV/Nizhnekamsky/MG_139/2015,
and PUUV/Nizhnekamsky/MG_158/2015 carried a specific mutation C2415T located
in the second position of the codon (GTC), which led to the substitution of alanine
for valine (Ala792Val) (Fig. 3). This amino acid substitution was found to be similar
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Fig. 3. Amino acid sequence alignment of the PUUV partial glycoprotein precursor between
the PUUYV strains investigated and selected sequences from GenBank

to the substitution observed in the strains DTK Ufa-97 and K27 Baskiria at the same
location. However, the latter mutation was generated by a different codon (GTA) and
does not represent an evidence for direct genetic relation between these strains.

Additionally, the sequence PUUV/Nizhnekamsky/MG_134/2015 differed from
the remaining three sequences by having a unique nucleotide substitution positioned
in the second position of codon (A2169G); this mutation led to the substitution of
the amino acid an asparagine for a serine (Asn670Ser). Furthermore, the deduced
protein sequence of PUUV/Tukaevsky/MG 262/2015 contained one amino acid,
which did not match the corresponding sequences of the remaining two strains from
the TUK pool.

The phylogenetic trees inferred from the PUUV partial S segment sequences and
the partial M segment demonstrated similar topologies (Fig. 4 and Fig. 5, respectively).
The strains identified in the current study formed two subclades, the NIZ and
the TUK, corresponding to the geographic locations of the bank vole trapping sites
in the RT districts. These strains clustered with the PUUV strains previously detected
in the VFD, which belong to the RUS genetic lineage and formed a separate branch
together with the previously identified PUUV strains PUUV/Kazan/MG_003/2014,
PUUV/Kazan/MG_004/2014, PUUV/Kazan/MG_032/2014, and PUUV/Kazan/
MG 037/2014.

It is worth mentioning that the S-segment nucleotide sequence of the strain
PUUV/Nizhnekamsky/MG 134/2015 appropriately clustered with the NIZ subclade
sequences while the M segment sequence of this strain fell into the TUK subclade.
It is suggested that, at least in some cases, the PUUV genome may be comprised of
several components that have different origins. Such a phenomenon is usually attributed
to either whole genome segment reassortment or RNA recombination. Previously,
the existence of PUUV genetic reassortant was detected, which included segments
from the N-SCA and FIN genetic lineages [8]. In other studies, it was revealed that
some reassortant genomes consisted of the segments derived from several genetic
variants of the FIN lineage [9]. In the current study, the genome of the strain
PUUV/Nizhnekamsky/MG _134/2015 possibly contained parts of the S and M segments
that originated from the genetically distinct PUUV strains belonging to the same genetic
lineage, thus, supporting the hypothesis about possible recombination or reassort-
ment.
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Fig. 4. Phylogenetic tree based on the partial S segment sequences of the PUUV strains from
the RT (shown in red) and the PUUV strains Samara, Kazan, DTK Ufa-97, CG1820,
CG17 Baskiria-2001 and our previously described strains (PUUV/3/Kazan2014/KFU,
PUUV/4/Kazan2014/KFU, PUUV/32/Kazan2014/KFU and PUUV/37/Kazan2014/KFU) from
the RUS genetic lineage. A few selected strains from FIN, CE, N-SCA, LAT, and S-SCA
genetic lineages were also included in the study. The corresponding sequence of the Tula virus
(TULV) was used as an outgroup. The bootstrap values of the maximum parsimony analysis
are given above the branches and only values higher than 60% are shown

The S and M segment nucleotide sequences divergence between the PUUV/
Nizhnekamsky/MG_134/2015 and other strains isolated in the current study reached
2.2-2.5% and 2.2-2.5%, respectively. As mentioned earlier, all the observed nucleo-
tide substitutions in the S segment of the strain PUUV/Nizhnekamsky/MG 134/2015
were silent and its deduced amino acid sequence was identical to both sequences of
the other strains from Nizhnekamsky district and the Samara strain. Unlike the S
segment, the deduced amino acid sequences of the M segment of the strain
PUUV/Nizhnekamsky/MG_134/2015 differed from all the strains investigated.
However, all the PUUYV strains identified shared one common amino acid substitu-
tion, where alanine was substituted for proline (A487P) within the most variable
region of the N protein ORF with respect to the sequences of the M segment for all
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Fig. 5. Phylogenetic tree based on the partial M segment sequences of the PUUV strains from
RT (shown in red) and the PUUV strains Samara, Kazan, DTK Ufa-97, CG1820,
K27 Baskiria from the RUS genetic lineage, and a few selected strains from the FIN, CE, and
ALAD genetic lineages. The corresponding sequence of TULV was used as an outgroup.
The bootstrap values of the maximum parsimony analysis are given above the branches and
only values higher than 60% are shown

the PUUV strains from the NIZ pool (Fig. 3). On the other hand, the sequences of the
strains PUUV/Nizhnekamsky/MG_137/2015, PUUV/ Nizhnekamsky/MG_139/2015,
and PUUV/Nizhnekamsky/MG 158/2015 differed from those of the strains from the
TUK pools, Samara and Kazan strains, and one strain from the NIZ pool in that they
had a unique nucleotide substitution located in the second position of the codon
C2415T. This mutation led to the amino acid change from valine to alanine (V792A)
(Fig. 3).

Furthermore, we found two variants of the deduced N protein amino acid sequence
among the eight PUUV strains and five variants of the M segment among the seven
strains isolated from the bank vole population in the east-central part of the RT. Con-
sidering these data, the observed mutations in the strain PUUV/Nizhnekamsky/
MG 134/2015 are of great interest. Whether these mutations are a result of the recombi-
nation or reassortment remains to be investigated.

In the previous study [14], we analyzed the partial S segment sequences of
the PUUYV strains isolated from the HFRS patients in the RT (Kazan) and the Republic
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of Mordovia (Saransk). The comparison of the PUUV isolates (the RUS genetic line-
age) from the patients and the corresponding partial S segment sequences of the cur-
rent NIZ and TUK pools revealed a higher genetic divergence ranging from 4.1%
to 12.7% (data not shown). This suggests that the PUUV strains mentioned above are
not closely related; they are likely to belong to different genetic variants of the
PUUV RUS lineage. The RT is situated around the confluence of two large rivers,
Volga and Kama, and is divided traditionally into the Pre-Volga, Pre-Kama, and
Trans-Kama areas. According to the information obtained from the patients in our
previous study, the infections occurred in the RT regions around Kazan, i.e., in the
Pre-Kama area. The PUUYV strains described in the current investigation were isolat-
ed in the Trans-Kama area and seem to diverge significantly from the PUUV isolates
detected in humans in the Pre-Kama.

It is reasonable to assume that the Kama River acted as a natural barrier for bank
vole migrations. Consequently, the rodent populations currently occupying opposite
banks of the river formed as a result of different migration routes and the correspond-
ing PUUV strains circulating in these populations were of different origins.
To confirm this suggestion, further investigations will need to focus on the search for
PUUV strains circulating in bank vole populations in the Pre-Kama and Trans-Kama
areas and their genome characterization.

Conclusions

Our data revealed that the PUUV strains detected in the bank vole populations in
the Nizhnekamsky and Tukaevsky districts of the RT belong to the same genetic lineage,
the RUS lineage. Based on the partial S and M sequences, the analysis of genetic di-
versity showed geographical clustering of the PUUV genetic variants. The PUUV strains
obtained were not closely related to the strains previously isolated from HFRS patients in
Pre-Kama area. Interestingly, one PUUV isolate, PUUV/Nizhnekamsky/MG_134/2015,
displayed the S segment sequence that clustered with the Tukaevsky subclade while
the M segment sequence fell into the Nizhnekamsky subclade, indicating a possible
recombinant or reassortant origin of this strain.

Acknowledgments. The work was performed according to the Russian Gov-
ernment Program of Competitive Growth of Kazan Federal University and subsidy
allocated to Kazan Federal University for the state assignment in the sphere of scien-
tific activities. Some of the experiments were performed using the equipment of the
Interdisciplinary Center of Shared Facilities and the Pharmacy Research and Educa-
tion Center of Kazan Federal University (Kazan, Russia).

References

1. Khismatullina N.A., Karimov M.M., Khaertynov K.S., Shuralev E.A., Morzunov S.P.,
Khaertynova I.M., Ivanov A.A., Milova 1.V., Khakimzyanova M.B., Sayfullina G.Sh.,
Gaynullin A.A., Ivanov A.V., Rizvanov A.A., Khaiboullina S.F. Epidemiological
dynamics of nephropathia epidemica in the Republic of Tatarstan, Russia, during
the period of 1997 — 2013. Epidemiol. Infect., 2016, vol. 144, no. 3, pp. 618-626. doi:
10.1017/S0950268815001454.



GENOME VARIATIONS OF PUUMALA VIRUS STRAINS CIRCULATING... 383

10.

11.

12.

13.

14.

15.

16.

Garanina S.B., Platonov A.E., Zhuravlev V.I.,, Murashkina A.N., Yakimenko V.V.,
Korneev A.G., Shipulin G.A. Genetic diversity and geographic distribution of
hantaviruses in Russia. Zoonoses Public Health, 2009, vol. 56, nos. 67, pp. 297-309.
doi: 10.1111/.1863-2378.2008.01210.x.

Sundberg E., Hultdin J., Nilsson S., Ahlm C. Evidence of disseminated intravascular
coagulation in a hemorrhagic fever with renal syndrome-scoring models and severe illness.
PLoS One, 2011, vol. 6, no. 6, art. e21134, pp. 1-7. doi: 10.1371/journal.pone.0021134.

Khaiboullina S.F., Morzunov S.P., St Jeor S.C. Hantaviruses: Molecular biology,
evolution and pathogenesis. Curr. Mol. Med., 2005, vol. 5, no. 8, pp. 773-790. doi:
10.2174/156652405774962317.

Onishchenko G.G., Ezhlova E.B. Epidemiologic surveillance and prophylaxis of hemorrhagic
fever with renal syndrome in Russian Federation. Zh. Mikrobiol., Epidemiol. Immunobiol.,
2013, no. 4, pp. 23-32. (In Russian)

Korobov L.I, Minin G.D., Nurgaleeva R.G., Stepanenko A.G., Mustafin N.M. Morbidity
and prophylaxis of hemorrhagic fever with renal syndrome in the Republic of Bashkortostan.
Zh. Mikrobiol. Epidemiol. Immunobiol., 2001, no. 4, pp. 58—60. (In Russian)

Kabwe E., Davidyuk Y.N., Morzunov S.P., Shakirova V.G., Anokhin V.A., Isaeva G.S.,
Ismagilova R.K., Khaiboullina S.F., Rizvanov A.A. Genetic characterization of small (s)-seg-
ment genome Puumala virus strain Kazan. BioNanoScience, 2017, vol. 7, no. 2, pp. 316-319.

Razzauti M., Plyusnina A., Sironen T., Henttonen H., Plyusnin A. Analysis of Puumala
hantavirus in a bank vole population in northern Finland: Evidence for co-circulation of
two genetic lineages and frequent reassortment between strains. J. Gen. Virol., 2009, vol. 90,
no. 8, pp. 1923-1931. doi: 10.1099/vir.0.011304-0.

Razzauti M., Plyusnina A., Henttonen H., Plyusnin A. Accumulation of point mutations
and reassortment of genomic RNA segments are involved in the microevolution of
Puumala hantavirus in a bank vole (Myodes glareolus) population. J. Gen. Virol., 2008,
vol. 89, no. 7, pp. 1649-1660. doi: 10.1099/vir.0.2008/001248-0.

de Vries A., Vennema H., Bekker D.L., Maas M., Adema J., Opsteegh M., van der
Giessen J.W., Reusken C.B. Characterization of Puumala hantavirus in bank voles from
two regions in the Netherlands where human cases occurred. J. Gen. Virol., 2016, vol. 97,
no. 7, pp. 1500-1510. doi: 10.1099/jgv.0.000481.

Plyusnina A., Heyman P., Baert K., Stuyck J., Cochez C., Plyusnin A. Genetic
characterization of seoul hantavirus originated from norway rats (Rattus norvegicus) captured
in Belgium. J. Med. Virol., 2012, vol. 84, no. 8, pp. 1298—1303. doi: 10.1002/jmv.23321.

Ali H.S., Drewes S., Weber de Melo V., Schlegel M., Freise J., Groschup M.H., Heckel G.,
Ulrich R.G. Complete genome of a Puumala virus strain from Central Europe. Virus
Genes, 2015, vol. 50, no. 2, pp. 292-298. doi: 10.1007/s11262-014-1157-6.

Razzauti M., Plyusnina A., Niemimaa J., Henttonen H., Plyusnin A. Co-circulation of two
Puumala hantavirus lineages in Latvia: A Russian lineage described previously and a novel
Latvian lineage. J. Med. Virol., 2012, vol. 84, no. 2, p. 314-318. doi: 10.1002/jmv.22263.

Davidyuk Y.N, Kabwe E., Khaiboullina S.F., Ismagilova R.K., Shakirova V.G., Isaeva G.S.,
Pavelkina V.F., Uskova Yu.G., Rizvanov A.A, Morzunov S.P. Genetic diversity of
Puumala virus isolates in the Republic of Tatarstan and the Republic of Mordovia.
BioNanoScience, 2017, vol. 7, no. 2, pp. 309-312. doi: 10.1007/s12668-016-0331-9.

Clewley J.P. Macintosh sequence analysis software. DNAStar’s LaserGene. Mol
Biotechnol., 1995, vol. 3, no. 3, pp. 221-224. doi: 10.1007/BF02789332.

Tamura K., Stecher G., Peterson D., Filipski A., Kumar S. Molecular Evolutionary
Genetics Analysis Version 6.0. Mol. Biol. Evol., 2013, vol. 30, no. 12, pp. 2725-2729.
doi: 10.1093/molbev/mst197.



384 E. KABWE et al.

17. Escutenaire S., Chalon P., Heyman P., van der Auwera G., van der Groen G., Verhagen R.,
Thomas I., Karelle-Bui L., Vaheri A. Pastoret P.-P., Plyusnin A. Genetic characterization of
Puumala hantavirus strains from Belgium: Evidence for a distinct phylogenetic lineage.
Virus Res., 2001, vol. 74, nos. 1-2, pp. 1-15. doi: 10.1016/S0168-1702(00)00224-0.

Recieved
May 17, 2018

Kabwe Emmanuel, Junior Research Fellow, OpenLab “Gene and Cell Technologies”, Institute of Fun-
damental Medicine and Biology
Kazan Federal University
ul. Kremlevskaya, 18, Kazan, 420008 Russia
E-mail: emmanuelkabwe@ymail.com

Davidyuk Yuriy Nikolaevich, PhD in Biology, Associate Professor, Senior Research Fellow, OpenLab
“Gene and Cell Technologies”, Institute of Fundamental Medicine and Biology
Kazan Federal University
ul. Kremlevskaya, 18, Kazan, 420008 Russia
E-mail: davi.djuk@mail.ru

Morzunov Sergey Petrovich, PhD in Biology, Associate Professor of Pathology and Laboratory Medi-
cine, Department of Pathology

University of Nevada
1664 N. Virginia Street, Reno 89557, USA
E-mail: smorzunov@medicine.nevada.edu

V]IK 575.28

BapuaGejbHOCTh reHOMa IITaMMOB BUpPYca Puumala, unpKyJIupyommux
B Huzknexkamckom u TykaeBckom paiionax Pecnydsauku Taraperan
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AHHOTAIUA

Bupyc Puumala (PUUV), sBnsieTcss OCHOBHBIM BO30YAUTENIEM I'eéMOPParndecKoil JIMXOpaIk ¢ Io-
gyeuHsM cuaapomoM (I'JITIC) kak B nenmom B Poccun, Tak u B Pecryomuke Tarapcran (PT). B PT exe-
TOHO PETUCTPUpPYETCsl HECKOIBKO COTeH ciydaeB 3abonesanus ['JITIC, HO Ha JaHHBIA MOMEHT O TeHe-
THaeckoM pasnooOpaszun PUUV B pecnybinke m3sectHo Mano. s mrammoB PUUV, BBIIBICHHBIX
B TOIYJISIIUSIX phDkeit monéBku B TykaeBckoM M HipkHekaMckoM palioHax, MOJTYYESHBI MOCIEN0BATENb-
HOCTH Y4YacTKOB S- U M-CerMeHTOB reHoma. JluBepreHuusl HyKJICOTHIHBIX MOCIEA0BATEIbHOCTEN S-
U M-CerMeHTOB MEX/y BbISIBICHHBIMH IITaMMamu coctaBuiia 0.0-3.3%, a nmo cpaBHEHUIO CO ILITAMMAaMH,
panee unentudunnpoBanusiMu B Pocenn, — 5.1-7.8%. Ha dusoreneTndeckom JiepeBe Bee BISIBICHHbIC
LITaMMbI HaXOAATCS B Knajae reHerndeckoit mmaun RUS otnensHO ot apyrux mrammoB PUUV, nupky-
mpytonmx B PT. 'enom mrramma PUUV/Nizhnekamsky/MG_134/2015, BeposiTHO, SIBISIETCS pe3yibTa-
TOM BHYTPWIMHEHHON peKOMOMHAINY WM peaccopTaluy Mexay IByms mrammamu PUUV.

KnroueBble cioBa: renom Bupyca Puumala (PUUV), Hantaviruses, Bunyaviridae, remopparndeckas
nxopazka ¢ noueyHsiM cuaapomoM (IJITIC), S- cerment, M-cerMeHT, peKoMOUHALHSA, PeaccopTaLHs
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