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Evolutionary Formation
and Distribution of Puumala
Virus Genome Variants, Russia
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We analyzed Puumala virus (PUUV) sequences col-
lected from bank voles from different regions of Rus-
sia. Phylogenetic analysis revealed PUUV reassort-
ments in areas with the highest hemorrhagic fever with
renal syndrome incidence, indicating reassortment
might contribute to pathogenic properties of PUUV.
Continued surveillance is needed to assess PUUV
pathogenicity in Russia.

n Eurasia, hantaviruses cause hemorrhagic fever

with renal syndrome (HFRS), which is the most
common zoonosis in Russia (1). During 2000-2017, a
total of 131,590 HFRS cases were reported in Russia
(2); most (=98%) HFRS cases are caused by Puumala
virus (PUUV) (2).

PUUYV virions are enveloped particles contain-
ing 3 negative-sense single-strand RNA segments (3).
Those segments vary in length; the large (L) segment
is 6,550 nt long, the medium (M) segment is ~3,650
nt, and the small (S) segment is 1,828 nt (4).

PUUV comprises 8 lineages: Central European,
Alpe-Adrian, Danish, South-Scandinavian, North-
Scandinavian, Finnish (FIN), Russian (RUS), and Lat-
vian (LAT) (4-6). Modern PUUV diversity arose from
multiple migrations of the viral host, the bank vole
(Clethrionomys glareolus), during the postglacial peri-
od (7,8); that species also comprises several lineages:
Ural, Eastern, Spanish, Italian, Balkan, Western, Car-
pathian, Basque, and Calabrian (9). The LAT, FIN,
and RUS PUUV lineages likely had a common an-
cestor and originated from Eastern refugia (6). Those
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sublineages are carried by C. glareolus from Western,
Eastern, and Carpathian lineages (10,11).

The RUS and FIN PUUYV lineages are known to exist
in Russia (4,8). Although PUUV-related HERS has been
reported from 54 regions of Russia (2), complete pro-
tein-coding sequences of the S segment in GenBank are
only available from 8 regions: Kursk, Saratov, Samara,
Tatarstan, Udmurtia, Bashkortostan, Omsk, and Karelia
(Figure 1). Those sequences are mainly from viruses col-
lected in the most epidemiologically active HFRS PUUV
hotspots in the Volga region (2). PUUV genome variants
in 46 other regions of Russia are still unknown. We in-
vestigated the distribution of different PUUV genome
variants in Russia by obtaining PUUV sequences from
bank voles captured in different regions.

The Study

We obtained lung tissue samples from bank voles
collected by the territorial Centers of Hygiene and
Epidemiology in the Arkhangelsk, Ivanovo, Moscow,
Penza, Saratov, Tyumen, Ulyanovsk, and Udmur-
tia regions (Figure 1). We stored samples, analyzed
hantavirus antibodies by immunofluorescence assay
(Table 1), extracted RNA, determined samples with
high viral RNA content by real-time reverse tran-
scription PCR (Table 1), and sequenced them as de-
scribed in previous research (12).

To determine bank vole sublineages, we obtained
sequences of the cytochrome b gene by using a pre-
viously described protocol (13). In all, we obtained
PUUYV genomic sequences and cytochrome b sequenc-
es from 17 bank voles (Appendix Table 1, https://
wwwnc.cdc.gov/EID/article/29/7/22-1731-App1.
pdf). All voles belonged to the Eastern lineage of C.
glareolus (Appendix Figure 1).

We mapped locations of the newly obtained
PUUV sequences and all representative LAT, FIN,
and RUS lineage sequences available in GenBank that
had complete S segment coding sequences (Figure 1).
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Figure 1. Locations of virus isolation in a study of the evolutionary formation and distribution of Puumala virus genome variants, Russia. The

map includes all genome variants belonging to LAT, FIN (West-FIN and East-FIN sublineages), and RUS (W-RUS, Volga-RUS, and Balt-RUS)
lineages that had complete coding sequences of the small (S) genome segment available in GenBank as of September 16, 2022. The map was
created by using QGIS software (QGIS Development Team, http://qgis.osgeo.org). Color marking for sequences in the map correspond to those
in phylogenetic trees (Figure 2). Black frames indicate isolation sites of novel sequences revealed in this study. Because other lineages were

not the focus of this study, only a few Puumala virus sequences belonging to other lineages were included. An additional interactive map was
generated in R (The R Foundation for Statistical Computing, https://www.r-project.org) by using the leaflet, html widgets, and webshot libraries
and is available at https://rpubs.com/andreideviatkin/PUUV_RUS-FIN-LAT _lineages. Balt-RUS, sublineage from the Baltic coast region; East-FIN,
sublineage from Siberia and northern Russia; FIN, Finnish lineage; LAT, Latvian lineage; RUS, Russian lineage; Volga-RUS, sublineage from the
Volga River Valley; W-RUS, sublineage from western Russia; West-FIN, sublineage from western Finland and Russian Karelia.

We also included representative sequences of other
PUUV lineages on the map.

For phylogenetic analysis, we added sequences
from this study to GenBank representatives of the LAT,
FIN, and RUS lineages. We included representatives of
the other PUUV lineages as outgroup (6) (Figure 2).
According to S-segment phylogeny, we propose divid-
ing the RUS lineage into 3 phylogenetically based sub-
lineages: W-RUS (from western Russia) (12), Balt-RUS
(from the Baltic coast region), and Volga-RUS (from
the Volga River Valley). The percentages of identical
nucleotides and amino acids within and between the
sublineages did not enable us to establish clear criteria
for the delimitation of the sublineages according to the
quantitative differences (Table 2).
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The topology of our S-segment tree does not match
those from previous studies (12). The sequences we ob-
tained provide additional information for better reso-
lution of PUUV. L and S segments of PUUV are com-

Table 1. Virus test results for Clethrionomys glareolus bank voles
captured and tested in study of evolutionary formation and
distribution of Puumala virus genome variants, Russia*

Region No. trapped No. IFA-positive No. PCR-positive
Arkhangelsk 43 10 8
lvanovo 2 2 2
Moscow 61 12 10
Penza 54 28 27
Saratov 44 14 14
Tyumen 110 10 9
Ulyanovsk 98 7 7
Udmurtia 32 9 9

*IFA, immunofluorescence assay.
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Figure 2. Phylogenetic trees of small (S), medium (M), and large (L) segments in a study of evolutionary formation and distribution of Puumala
virus genome variants, Russia. A) S segment based on complete open reading frame (ORF) of 1,302 nt; B) M segment based on partial ORF
2,923 nt (525-3,447 nt of ORF of GenBank accession no. OL343565); C) L segment based on partial ORF 6,405 nt (5-6,409 nt of ORF of
GenBank accession no. OL343543). The RUS lineage is divided into 3 large, color-coded subclades: Volga-RUS (red), W-RUS (orange),
Balt-RUS (yellow). The FIN lineage is divided into 2 large, color-coded subclades: East-FIN (blue) and West-FIN (purple). Green indicates LAT
lineage; black indicates other lineages. Boxes indicated sequences obtained in this study. GenBank accession numbers are provided for all
sequences. All alignments and phylogenetic relationships of the sequences were conducted by the MUSCLE algorithm (https://www.ebi.ac.uk/
Tools/msa/muscle) and maximum-likelihood method with the general time-reversible model and 1,000 bootstrap by using MEGA version X
(https://www.megasoftware.net). The full S segment tree with complete dataset of all available representatives of LAT, FIN, and RUS lineages
are available from https://github.com/AndreiDeviatkin/repo/blob/main/S_PUUV.png. Balt-RUS, sublineage from the Baltic coast region; East-
FIN, sublineage from Siberia and northern Russia; FIN, Finnish lineage; LAT, Latvian lineage; RUS, Russian lineage; Volga-RUS, sublineage
from the Volga River Valley; W-RUS, sublineage from western Russia; West-FIN, sublineage from Finland and Russian Karelia.
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Table 2. Percentage identity between sublineages in study of evolutionary formation and distribution of Puumala virus genome

variants, Russia*

Sublineage, no.

sequences Volga-RUS, n=37 W-RUS,n=8 Balt-RUS,n=7 East-FIN,n=11 West-FIN,n=15 LAT,n=7

Volga-RUS 97.47-100, 96.77-98.85 95.39-98.16 95.39-97.47 94.01-97.7 95.16-97.24
W-RUS 8%255;::10010 7 98.62-100, 97.24-98.39 96.77-97.7 94.93-97.93 96.77-97.93
Balt-RUS 85.88-88.86 89515177—23130;5)8 97.93-100, 96.31-97.7 94.70-97.93 96.31-97.93
East-FIN 84.57-86.86 85.17-87.42 8%73?12—517059 98.85-100, 96.08-99.08 97.00-97.93
West-FIN 84.27-86.87 85.03-86.77 83.86-86.73 8974022‘:3;025 96.54—100, 95.39-97.93
LAT 84.38-87.19 85.19-87.27 84.49-86.94 85.93-87.57 8?117(;1—25:3033 %%?;17_11 %%

*Amino acid and nucleotide identity are shown according to small (S) segment coding sequences. Gray shading indicates nucleocapsid (N) protein
calculated by blastp (https://blast.ncbi.nlm.nih.gov), and S complete coding by blastn. Upper triangular matrix indicates identity values based on the
complete N protein calculated using the blastp algorithm; lower triangular matrix indicates values based on the S complete coding sequence calculated
using the blastn algorithm. Balt-RUS, sublineage from the Baltic coast region; East-FIN, sublineage from Siberia and Russian North; LAT, Latvian lineage;
Volga-RUS, sublineage from the Volga River Valley; W-RUS, sublineage from western Russia; West-FIN, sublineage from Finland and Russian Karelia.

parably conservative (Appendix Figure 2), and their
phylogenetic trees mostly repeat each other. The M-
segment tree was the most distinct (Figure 2, panel B),
a finding that corresponds with previous data (5). That
finding confirms that the M segment is the most variable
and most often involved in reassortment events (14).

In the M-segment tree, the W-RUS sublineage
stood within the Volga-RUS sublineage, but the
branch from Bashkiria formed an outgroup (Figure
2, panel B). Almost the entire Volga-RUS sublineage,
except for the Bashkir branch, appears to be a product
of the exchange of the M segment between ancestors
of the W-RUS and the Bashkir branch. The S and L
segments are related to the Bashkir branch, and the
M segment was obtained from the ancestors of the W-
RUS sublineage. Those findings confirm and extend
previous results (12). Thus, strains from the most
epidemiologically active areas have arisen through
reassortment. However, whether reassortment has
altered the pathogenic properties of those strains re-
mains unclear.

The genome variant from Penza belongs to the
group that obtained the M segment by reassort-
ment, as we have described (Figure 2, panel B). On
the S-segment tree, Penza/Cg8730 is located on the
Volga-RUS sublineage (Figure 2, panel A). However,
on the L-segment tree, Penza/Cg8730 belongs to the
W-RUS sublineage (Figure 2, panel C). Thus, Penza/
Cg8730 likely emerged from a 2-stage reassortment.
Although L segment exchange is not a unique event,
it occurs much less frequently than exchange among
other segments (14). Geographically, the Penza re-
gion lies west of locations where viruses belonging to
the Volga-RUS sublineage were isolated but far from
representatives of the W-RUS sublineage. Thus, Pen-
za could be a meeting point of those 2 lineages.
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On the S-segment tree, the FIN branch was repre-
sented by 2 sublineages: West-FIN from Finland and
Karelia and East-FIN from western Siberia (Figure 2).
However, on the M-segment tree, West-FIN and East-
FIN did not form a common branch (Figure 2, panel
B). The current hypothesis generally accepts that the
FIN branch split into 2 parts when the territories were
recolonized by bank voles after the glacier melted (8).

The sequences we obtained from the Arkhan-
gelsk region clustered with sequences of viruses col-
lected in Omsk and Tyumen regions, despite their
geographic distance (Figure 1; Appendix Figure 3).
According to the phylogenetic trees, the Tyumen
and Omsk clades divided after the Arkhangelsk
clade split from their common ancestor (Figure 2).
Such branching suggests 2 possible paths for spread
of the East-FIN subclade: from northwest Russia to
the southeast, across the Ural Mountains to western
Siberia; or spreading from the Pre-Ural region in 2
directions, to western Siberia and to the Arkhan-
gelsk region. The second possibility supposes a sec-
ond vole migration wave to the north, after PUUV
split off from the East-FIN and West-FIN groups
during postglacial period (8). PUUV sequences from
the area between Arkhangelsk and western Siberia
might shed more light on spread of the FIN lineage.

Conclusions
The newly identified viruses from the Tyumen and
Arkhangelsk regions of Russia and viruses from
Omsk form a common East-FIN branch. This finding
raises additional questions about the dispersal routes
of the FIN lineage.

Here we considered the RUS lineage as 3 sep-
arate sublineages: Volga-RUS, W-RUS, and Balt-
RUS. The PUUV genome variants from Tatarstan,
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Udmurtia, Samara, and Saratov probably emerged
through reassortment because they contained S and
L segments related to the Bashkir branch and an M
segment derived from ancestors of the W-RUS sub-
lineage. The Penza/Cg8730 genome variant might
have arisen from a 2-stage reassortment. Continued
surveillance is needed to assess PUUV pathogenic-
ity in Russia, but we found PUUV reassortments in
areas with the highest HRFS incidence, indicating
reassortment might contribute to pathogenic prop-
erties of PUUV.
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