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ABSTRACT
Introduction. The Lower Volga region, including the Volgograd Oblast, remains one of Russia’s most rabies-affected areas to date. Data on the genetic diversity 
of rabies viruses (RABVs) currently circulating in the Volgograd Oblast are insufficient, making phylogenetic analysis of RABV isolates from this region a relevant 
scientific objective.
Objective. The study aims to conduct a phylogenetic analysis of current RABV isolates recovered from animals in the Volgograd Oblast, based on the full-length 
nucleoprotein gene sequence.
Materials and methods. Brain tissue samples from animals diagnosed with rabies were used. The obtained nucleotide sequences of the RABV nucleoprotein 
gene were analyzed using the Bayesian strict molecular clock method. The spatial distribution of RABV isolates was described using Natural Earth physical map.
Results. Full-length nucleoprotein gene sequencing was performed for 13 RABV isolates collected in the Volgograd Oblast. Phylogenetic analysis revealed that the 
RABV population in this region comprises distinct genetic variants of genetic group C, formed at different times. Genetic relationship to the isolates from Kazakhstan, 
Ukraine, Moldova and Central/Southern Russia indicates intensive RABV circulation in Southern European Russia. Notably, distinct virus variants were detected  
on the left and right banks of the Volga River.
Conclusion. All studied RABV isolates collected in the Volgograd Oblast belonged to genetic group C and exhibited high genetic diversity among variants. 

Keywords: rabies virus (RABV), phylogenetic analysis, genetic group С, Volgograd Oblast

Acknowledgements: The study was conducted within the state assignment “Detection of animal transboundary disease pathogens, study of their biological 
properties, and investigation of the entry and spread patterns of diseases caused by these pathogens”.

For citation: Chupin S. A., Chernyshova E. V., Chernyshev R. S., Gruzdev K. N., Spiridonov A. N., Varkentin A. V., Nazarov N. A., Zarva I. D., Botvinkin A. D. Phylogenetic 
analysis of rabies virus isolates recovered from animals in Volgograd Oblast. Veterinary Science Today. 2025; 14 (3): 241–248. https://doi.org/10.29326/2304-
196X-2025-14-3-241-248

Conflict of interests: Gruzdev K. N. is the editor-in-chief of the “Veterinary Science Today” journal, but was not involved into the decision making process related 
to this article publication. The manuscript has passed the review procedure accepted in the journal. The authors did not declare any other conflicts of interests.

For correspondence: Sergei A. Chupin, Cand. Sci. (Biology), Leading Researcher, Reference Laboratory for Rabies and BSE, Federal Centre for Animal Health,  
6 Gvardeyskaya str., Yur’evets, Vladimir 600901, Russia, chupin@arriah.ru

УДК 619:578.824.11:575.8(470.45) 

Филогенетический анализ изолятов вируса  
бешенства, выделенных от животных на территории 
Волгоградской области
С. А. Чупин1, Е. В. Чернышова1, Р. С. Чернышев1, К. Н. Груздев1, А. Н. Спиридонов1, А. В. Варкентин1, Н. А. Назаров1,  
И. Д. Зарва2, А. Д. Ботвинкин2

1 ФГБУ «Федеральный центр охраны здоровья животных» (ФГБУ «ВНИИЗЖ»), ул. Гвардейская, 6, мкр. Юрьевец, г. Владимир, 600901, Россия
2 ФГБОУ ВО «Иркутский государственный медицинский университет» Министерства здравоохранения Российской Федерации (ФГБОУ ВО ИГМУ Минздрава России),  
ул. Красного Восстания, 1, г. Иркутск, 664003, Россия

РЕЗЮМЕ
Введение. Нижнее Поволжье, в том числе Волгоградская область, вплоть до настоящего времени относится к числу наиболее неблагополучных  
по бешенству регионов России. Сведения о генетическом разнообразии возбудителя бешенства в современный период для Волгоградской области пред-
ставлены недостаточно, поэтому филогенетический анализ изолятов вируса бешенства из этого региона представляется актуальной научной задачей.

Цель исследования. Проведение филогенетического анализа современных изолятов вируса бешенства, выделенных от животных на территории 
Волгоградской области, на основании полноразмерной последовательности гена нуклеопротеина.
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disease [17, 18]. Although the fox is considered the RABV 
primary reservoir in this region, up to 38% of all recorded 
cases in recent decades have involved dogs and cats, while 
wild animals accounted for no more than 25% [19]. Nota-
bly, in 4 out of 6 human rabies cases reported after 2000, 
transmission occurred via dogs and cats [7, 20]. To date, 
nucleotide sequences of the nucleoprotein gene (N gene) 
have been published for only two RABV isolates from ani-
mals in the Volgograd Oblast, both belonging to genetic 
group C [3]. Given the limited data on the genetic diversity 
of current RABVs in the region, a phylogenetic analysis of 
the virus isolates from the Volgograd Oblast remains a rel-
evant and necessary research objective.

The aim of the study was to conduct a phylogenetic 
analysis of currently circulating RABV isolates recovered 
from animals in the Volgograd Oblast, based on the com-
plete nucleoprotein (N) gene sequence.

MATERIALS AND METHODS
A total of 13 RABV isolates collected from animals in 

the Volgograd Oblast in 2018–2021 were studied (Table 1, 
Fig. 1).

RNA was extracted from animal brain tissue, and two 
overlapping genome fragments containing the full-length 
nucleoprotein (N) gene of RABV were amplified by reverse 
transcription polymerase chain reaction. Following purifi-
cation, the fragments were subjected to Sanger sequenc-
ing as previously described [5]. The resulting sequences 
were deposited in the international GenBank database 
(accession numbers provided in Table 1).

The phylogenetic analysis was performed using the 
Bayesian approach in the Bayesian Evolutionary Anal-
ysis Sampling Trees (BEAST X) software package [21].  
A model suitable for constructing a phylogenetic tree was 
preliminarily evaluated using the MEGA X program, with 
the Bayesian information criterion (BIC) and the corrected 
Akaike information criterion (AICc) determined. Based on 
the test results, the Hasegawa-Kishino-Yano model with  

INTRODUCTION
The application of molecular genetic studies in epizoo

tology has significantly enhanced surveillance capabilities 
for zoonotic infections. Data on intra-species diversity 
and genetic lineage relationships of pathogens, obtained 
through phylogenetic analysis of both individual gene se-
quences and complete genomes, provide critical insights 
into pathogen origins, spatial distribution patterns, and 
their significance in human and veterinary pathology. 
These advances have established and continue to de-
velop two emerging fields: molecular epidemiology and 
genomic epidemiological surveillance [1, 2].

Multiple genetically distinct rabies virus (RABV) groups 
with distinct geographical distributions have been identi-
fied in the Russian Federation [3, 4, 5, 6, 7]. Representatives 
of genetic group C ("steppe") [3] demonstrate the widest 
distribution, currently spanning territories from Eastern 
Europe through southern Siberia to Kazakhstan and north-
eastern China [6, 8, 9, 10, 11]. Since the mid-20th century, 
the red fox (Vulpes vulpes) has served as the primary RABV 
reservoir in this region. Current epidemiological models 
suggest that fox-mediated rabies epizootics originated 
in 1939 in East Prussia (Polish Corridor), subsequently 
spreading westward to France and Belgium and eastward 
to the Baltics, Ukraine, Belarus and western Russia within  
20–30 years [12, 13]. Cartographic analyses clearly docu-
ment this progressive expansion of fox rabies across the 
European territories of the former USSR [14]. By the early 
21st century, these epizootics had reached previously  
rabies-free Siberian regions, including Krasnoyarsk Krai 
and Transbaikalia, after decades of absence [7, 15].

A wild rabies outbreak was documented in the Volga 
River Delta in 1942 [13]. This region, along with East Prus-
sia, is believed to have been one of the epicenters of fox 
rabies spread in the USSR [13, 16]. To this day, the Lower 
Volga region, including the Volgograd Oblast, remains one 
of Russia’s most rabies-endemic areas [7, 16]. Nearly the 
entire territory of the Volgograd Oblast is enzootic for the 

Материалы и методы. Использовали головной мозг животных с диагнозом «бешенство». Анализ полученных нуклеотидных последовательностей 
гена нуклеопротеина вируса бешенства проводили с помощью байесовского метода строгих молекулярных часов. Ландшафтно-географическая карта 
Natural Earth использована для описания пространственного распределения изолятов возбудителя бешенства.

Результаты. Определена полноразмерная последовательность гена нуклеопротеина 13 изолятов вируса бешенства из Волгоградской области. Фило-
генетический анализ позволил установить, что представители популяции возбудителя бешенства из этого региона относятся к различным генетическим 
вариантам группы С, сформировавшимся в разное время. Генетическое родство с изолятами из Казахстана, Молдовы, центральных и южных регионов 
России, с Украины свидетельствует об интенсивном перемещении вируса бешенства на юге европейской части России. В то же время разные варианты 
вируса бешенства обнаружены на левом и правом берегах Волги.

Заключение. Все изученные изоляты возбудителя бешенства из Волгоградской области принадлежали к генетической группе С и отличались высоким 
генетическим разнообразием вариантов. 
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a 4-category gamma distribution (HKY + G; BIC = 21,360.059; 
AICc = 17,664.682) was selected [22]. A phylogenetic tree 
reflecting the posterior probability of the formation time 
of internal (ancestral) and terminal nodes with a 95% con-
fidence interval (95% CI) was constructed using the strict 
molecular clock method, with heterochronic calibration to 
the year of sample isolation, a random initial tree model 
with a constant population size, and a Markov chain Mon-
te Carlo (MCMC) chain length of 1 × 108 with sampling 
every 1 × 105 steps. The posterior prognostic verification 
was performed for all taxa belonging to the genetic group 
C of the RABV.

The reliability of the MCMC was assessed using the 
Tracer program by analyzing the BEAST X output data [23].

The tree was annotated using the TreeAnnotator util-
ity and the settings of outlier removal (burn-in = 10%, 
10,000,000 states), maximum clade confidence (MCC), and 
maintaining a given length.

Visualization of the phylogenetic tree was performed 
using the FigTree v.1.4.5 program [24].

The QGIS 3.2.1 program and the Natural Earth elec-
tronic landscape-geographic map were used for carto
graphy. The points were plotted on the map according to 
the geographic coordinates of settlements where rabies 
cases were detected.

RESULTS AND DISCUSSION
The full-length nucleotide sequence of the N gene 

(1353 nt) was determined for 13 RABV field isolates col-
lected from animals in ten raions of the Volgograd Oblast 
in 2018–2021. The map shows the locations where iso-
lates were detected (Fig. 1).

According to preliminary analysis, all studied isolates 
belong to RABV genetic group C. Therefore, to construct 
the phylogenetic tree, full-length sequences of all avail-
able isolates from this group identified in the Russian 
Federation with known collection years were retrieved 

from the GenBank database. Additionally, BLAST (Basic 
Local Alignment Search Tool, https://blast.ncbi.nlm.nih.
gov/Blast.cgi) analysis of the studied sequences revealed 
closely related isolates from Kazakhstan, Moldova, Po-
land, and Ukraine, which were also included in the phy-
logenetic analysis. To clearly represent group C, several 
isolates from other genetic groups circulating in Europe 
and European Russia were included as genetic variants 
(excluding Arctic-related clade representatives due to 
their distant genetic relationship). In total, 178 full-length 
N gene sequences were analyzed, including 121 sequen
ces from genetic group C. For improved figure readability, 
the isolate groups phylogenetically distant from the tes
ted ones were collapsed. The resulting phylogenetic tree 
is presented in Figure 2.

According to the tree topology, all the studied isolates 
belong to the genetic group C, the modern range of which 
within the Russian Federation extends from the western 
borders and regions of the central zone of the European 
part of the country to the steppe and forest-steppe terri-
tories of Siberia, everywhere going beyond the borders 
of Russia in the south [3, 6, 5, 11]. RABV of genetic lineage 
C was isolated from both wild carnivores and domestic 
and farm animals in the Volgograd Oblast.

All studied isolates are unique compared to previously 
identified isolates, including those from the Volgograd 
Oblast, and form several groups with a high posterior 
probability estimate (PPE) with each other and with pre-
viously studied isolates from Russian and foreign regions.

Thus, isolate 490_4/2018/Volgograd shows significant 
similarity (99.85%) with isolate Rab-8-4, identified in the 
Turkestan Oblast of Kazakhstan. The estimated time of 
evidence of the most recent common ancestor (MRCA) 
for this group is 2015.9 (95% CI – from 2012.1 to 2016.93), 
the PPE of the group is 1.0.

I s o l a t e s  1 2 9 9 / 1 4 3 / 2 0 2 1 / Vo l g o g r a d  a n d 
1299/148/2021/Volgograd show the greatest relationship 
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Table 1 
Information on RABV isolates recovered from animals in the Volgograd Oblast

№ Isolate full name

Coordinates of
populated localitites Year Host animal GenBank accession 

number
latitude longitude

1 490_2/2018/Volgograd 50.19760 42.69182 2018 dog OP311892

2 490_4/2018/Volgograd 49.98861 46.68835 2018 dog OP311893

3 1563/2018/Volgograd 50.99677 44.35670 2018 dog OP311840

4 1299/138/2021/Volgograd 51.07931 42.51306 2021 cattle OP311869

5 1299/139/2021/Volgograd 50.08529 45.40216 2021 dog OP311870

6 1299/141/2021/Volgograd 48.38944 42.35912 2021 dog OP311871

7 1299/142/2021/Volgograd 48.09285 42.59016 2021 cattle OP311872

8 1299/143/2021/Volgograd 50.24182 41.83726 2021 dog OP311873

9 1299/144/2021/Volgograd 49.85802 42.33575 2021 dog OP311874

10 1299/145/2021/Volgograd 49.35021 45.07359 2021 marten* OP311875

11 1299/146/2021/Volgograd 49.73250 43.48296 2021 cattle OP311876

12 1299/147/2021/Volgograd 48.24536 42.64595 2021 cat OP311877

13 1299/148/2021/Volgograd 49.85802 42.33575 2021 wolf** OP311878

* marten – Martes sp.; ** wolf – Canis lupus.
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with isolates previously identified in the Vladimir, Li-
petsk, Nizhny Novgorod and Ryazan Oblasts (more than 
98.67%). The MRCA for this group is 2007.95 (95% CI – 
from 2002.48 to 2009.67), the PPE of the group is 1.0.

The group of isolates (490_2/2018/Volgograd, 
1299/138/2021/Volgograd, 1299/139/2021/Volgograd, 
1563/2018/Volgograd) shows the greatest affinity (more 
than 98.9%) with the isolates previously identified in 
the Nizhny Novgorod and Lipetsk Oblasts (but with oth-
ers than in previous cases). The MRCA for this group is 
2001.43 (95% CI – from 1994.02 to 2002.65), the PPE of 
the group is 1.0.

Another five isolates from the Volgograd Oblast 
(1299/142/2021/Volgograd, 1299/147/2021/Volgograd, 
1299/141/2021/Volgograd, 1299/144/2021/Volgograd, 
1299/146/2021/Volgograd) form a group with a high 
PPE (1.0) with isolates from the Belgorod, Lipetsk, Ryazan, 
Smolensk, Kursk, Nizhny Novgorod, Moscow Oblasts, as 
well as with isolates identified in other countries – Mol-
dova, Ukraine and Poland. It is noteworthy that this rela-
tively genetically dense group occupies an extremely vast 

area, stretching at least 1,000 km from north to south and 
2,000 km from west to east. The MRCA for this group was 
1996.13 (95% CI from 1989.12 to 2003.42).

Isolate 1299/145/2021/Volgograd genetically differs 
significantly from other Volgograd isolates and shows the 
greatest (although not very close) relationship with iso-
lates identified in the Astrakhan Oblast (98.74%). It forms 
a group supported by a high PPE (0.98) with RABV iso-
lates identified in the Orenburg and Astrakhan Oblasts, as 
well as in Kazakhstan. The MRCA for this group is 1978.98 
(1974.35–1983.97).

Two isolates (2070f and 2072f ) identified in the Volgo-
grad Oblast by I. V. Kuzmin et al. [3] in 2003 differ signifi-
cantly from the studied isolates from this region. Isolate 
2070f forms a group with isolate 1350/2008/Krasnodar 
from the Krasnodar Krai (PPE – 1.0; MRCA – 1984.33; 95% 
CI –1977.17–1989.78), and isolate 2072f, although having 
a genetic relationship with isolate 2070f (99.1%), but their 
group has a very low posterior probability support – 0.19.

The number of analyzed isolates collected from various 
animal groups generally reflects the morbidity structure 
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Fig. 1. Distribution of RABV isolates collected from animals in the Volgograd Oblast (the isolates listed 
in Table 1 are numbered) 
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observed during 2020–2024. Over 50% of these isolates 
were derived from canine and feline specimens (Table 2).

Thus, the key characteristic of the RABV population 
in the Volgograd Oblast is its remarkable heterogene-
ity, possibly the highest among well-studied regions to 
date. At the same time, nearly all representatives of the 
Volgograd RABV population have close genetic relatives 
in other regions of Russia and abroad, suggesting active 
viral spread. According to published data, increased epi-
zootic activity in the Volgograd Oblast was recorded in 
1988, 1991, 1997, 1998, and 2001 [17]. The Volgograd 
RABV population comprises multiple genetic variants, 
which emerged at different times, as evidenced by the 
estimated age of their last common ancestors. It is plau-
sible that peaks in epizootic activity coincide with the 
introduction of new viral variants. Following their spread, 
these variants establish themselves among susceptible 
hosts in the region, continue to evolve, and ultimately 
contribute to the highly diverse genetic profile observed 
in the current population.

The localization features of different RABV subgroups 
are noteworthy. The Volgograd Oblast occupies the cen-
tral part of the southeast of the Russian (East European) 
Plain within three natural zones: forest-steppe, steppe and 
semi-desert [25]. Isolates collected in the forest-steppe 
and steppe regions of the northern part of the Volgograd 
Oblast on the right bank of the Volga (490_2/2018/Volgo-
grad, 1563/2018/Volgograd, 1299/138/2021/Volgograd, 
1299/139/2021/Volgograd, 1299/143/2021/Volgograd, 
1299/144/2021/Volgograd, 1299/148/2021/Volgograd) 
are genetically related to isolates from the Middle Volga 
and central regions of Russia. This likely results from the 
absence of natural barriers to wild carnivore migration 
in northern directions, combined with high fox pop-
ulation densities in adjacent areas [26]. RABV isolates 
1299/141/2021/Volgograd, 1299/142/2021/Volgograd, 
1299/147/2021/Volgograd, which are similar to the iso-
lates found in Ukraine, Moldova, Poland, and western/
central regions of European Russia, were identified in the 

Fig. 2. Phylogenetic tree constructed using the full-length nucleotide sequence of RABV N gene and a strict molecular 
clock algorithm. Isolates collected from animals in the Volgograd Oblast are highlighted in red. Numbers (0–1) indicate 
posterior probability values for specific groups; the same parameter is indicated with the color of branches (see color scale 
for interpretation). The horizontal timeline at the bottom shows the estimated years of the most recent common ancestor 
for this or that group, with blue bars at nodes representing 95% confidence intervals for this value. The pink circle marks 
the most recent common ancestor of genetic group C. Black diamonds denote the studied isolates, while triangles represent 
two previously characterized isolates from the Volgograd Oblast
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southwestern Volgograd Oblast on the right bank of the 
Tsimlyansk Reservoir. Isolates from the left bank of the 
Volga (490_4/2018/Volgograd, 1299/145/2021/Volgo-
grad) show genetic similarity to strains from southern and 
eastern neighboring regions, reflecting shared landscape 
characteristics with the semi-deserts and dry steppes of 
Kazakhstan and Astrakhan Oblast. Major water barriers 
(Tsimlyansk and Volgograd Reservoirs and the Volga-Don 
Canal), which cross the entire region northeast to south-
west, freeze for only 2–3 months annually [25] and conse-
quently serve as effective natural barriers to rabies spread 
for most of the year. We obtained only two isolates from 
the left bank of the Volga, both distinct from the right-
bank strains. Thus, isolate 1299/145/2021/Volgograd 
(recovered in the Bykovsky Raion), clusters with strains 
from Orenburg and Astrakhan Oblasts (exact origins un-
known) and Kazakhstan. Isolate 490/4/2018/Volgograd 
(identified in the Pallasovsky Raion) shows closest rela-
tions to some Kazakhstan strains and one strain (being 
the only exception) from the Nizhny Novgorod Oblast. 
Notably, raions with highest animal rabies incidence 
(Nikolaevsky, Bykovsky, Leninsky, Oktyabrsky) [19] are 
all located on the left Volga bank. The Volga-Akhtuba 
floodplain appears to function as a significant ecological 
corridor connecting Volgograd and Astrakhan Oblasts, 
which is supported by the genetic similarity of the iso-
lates from these areas (1299/145/2021/Volgograd). The 
limited number of studied isolates prevents definitive 
conclusions. However, these findings warrant attention 
for ongoing research and strategic planning of fox oral 
vaccination programs.

CONCLUSION
All studied RABV isolates collected from animals in the 

Volgograd Oblast belong to genetic group C. Within this 
lineage, the RABV population in this region demonstrates 
exceptionally high genetic diversity. The genetic related-
ness of these isolates to strains from Kazakhstan, Ukraine, 
Moldova and central/southern Russian regions suggests 
intensive host-mediated viral movement. This epidemio-
logical pattern requires careful consideration when plan-
ning and implementing anti-epidemic measures.
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