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Abstract
Republic of Mordovia in Russia is a historical focus for hemorrhagic fever with renal syndrome
and tularemia. This study aimed at assessing the current status of these foci by studying their
rodent reservoirs. Among the small rodents in Mordovia, the red bank vole, the common vole and
the house mouse play an important role as carriers of zoonotic diseases. However, it is necessary to take into account the role of such а small species as forest dormouse (Dryomys nitedula),
which has a high percentage of infection. Of all examined dormice, 66.7 % were found to have
antigens of hemorrhagic fever with renal syndrome viral pathogen, and 33.3 % - to have antigens
of tularemia pathogen. Only one specimen (16.7 %) was found to have no antigens of zoonotic
diseases. Our study concluded that the forest dormouse in the Republic of Mordovia was incriminated as a pathogen reservoir causing infectious diseases in human.
Key words: hemorrhagic fever, Mordovia, rodents, tularemia.

Introduction
Hemorrhagic fever with renal syndrome
(HFRS) is the most common natural rodent borne disease of viral etiology in the
Republic of Mordovia. The intensive rate
of morbidity per 100,000 population of the
Mordovia Republic during the period from
2001 to 2006, varied from 10.5 to 18.0,
and the average long-term rate for this
period was 14.4±1.1, which exceeded the
same value in the Russian Federation by
2.8 times. Broad-leaved forests and agricultural lands are predominant in all areas
of HFRS infection (Churbanova 2008). A
similar situation is shown for another re-

gion of Middle Volga (Ulyanovsk region)
(Nafeev et al. 2009). Small mammals are
the most incriminated reservoirs for viral
pathogen agents causing human HFRS
in the natural environments (Tsvirko and
Kozlov 2012).
In addition to HFRS, small rodents in
this region are reservoirs in the circulation
and the transmission of widespread human infectious diseases like tularemia and
leptospirosis. In the natural foci of HFRS,
epizootics occur periodically. Thus, small
rodents perform one of the main roles in
the spread of the zoonotic diseases.
The red bank vole (Myodes glareolus)
has been considered the main reservoir
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among rodents in the zoonotic circulation
in Mordovia and throughout Volga region
(Trankvilevsky et al. 2015, Andreychev
et al. 2019). The yellow-necked mouse
(Apodemus flavicollis), the striped field
mouse (Apodemus agrarius), and the red
bank vole (M. glareolus) play an important
role in zoonotic circulation of HFRS in the
Balkan Peninsula (Stanko et al. 2004, Rogozi et al. 2013, Papa et al. 2016).
Ergeshbayev (2018), in the Kyrgyz Republic mentioned the high degree of ectoparasite infestation of forest dormouse
Dryomys nitedula (Pallas, 1778) (18 species), as well as its contact with numerous
representatives of the rodent order. The
researcher noted that it carried only one
species-specific parasite and 17 species
peculiar to marmots, voles, mice, gray
hamster, Turkestan rat and other rodents.
Among them, five flea’s species Callopsylla caspia, Amphipsylla phaiomydis, A. anceps, A. asiatica and Leptopsylla nemorosa were identified. Cultures of the plague
pathogen from these flea’s species were
isolated for this territory. This causes an
important epizootological significance of
this rodent species. The importance of
forest dormice as carrier of parasites was
also reported in Russia. In Central Russia,
ectoparasites were found in 90–95 % of
forest dormice, and endoparasites were
found in 50–70 % of small animals (Rossolimo et al. 2001).
Some small mammals are breeding
in the grounds among other species. In
particular, such reports about the yellow-necked mouse are known. Dobrava-Belgrade virus strain (DOBV), causing
in humans HFRS has been reported to be
originated by A. flavicollis, A. sylvaticus
and M. musculus (Weidmann et al. 2005).
A previous study in Greece showed that
approximately 10 % of A. flavicollis carried
DOBV (Papa et al. 2000).
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The report on the presence of tularemia in forest dormouse in Mordovia
is of interest, since previously in the domestic and international literature it was
not detected in this species, for example
in Bulgaria (Pavlov et al. 1978). The results of standard tube agglutination test in
Western Iran showed seropositive cases
among 4.8 % of the rodents, including D.
nitedula (Mostafavi et al. 2017). Positive
results on tularemia in the Republic of
Moldova were recorded in the following
species: M. glareolus, Apodemus uralensis, A. sylvaticus, A. flavicollis, M. musculus, M. spicilegus, and Crocidura suaveolens (Chicu et al. 2010).
The forest dormice has not been reported infected with tularemia and HFRS,
for example in Turkey (Laakkonen et al.
2006), and Ukraine (Demchyshyna et al.
2020).
The dynamics of identifying the causative agent of tularemia in Mordovia should
be noted in 2015, 2017 and 2018, which
are characterized by peak values (Andreychev, Boyarova and Kuznetsov 2016).
Mostly, the tularemia microbe antigen was
most often detected in areas along the
middle rivers (Sura, Alatyr), rather than in
areas that do not have such water arteries. In pellets of prey birds, the causative
agent of tularemia was detected in the
districts more often than in the biomaterial from rodents. This circumstance can
be explained from the position that the
remains of the hunted preys can contain
several prey species at once. This is evidenced by the results of studies of osteological material (Andreychev et al. 2014,
Andreychev, Lapshin and Kuznetsov
2016, Andreychev and Lapshin 2017).
Therefore, the probability of detecting
tularemia microbe antigen here is higher
(Andreychev et al. 2019).
The purpose of this article is to study
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the role of the forest dormouse as carrier or reservoir of rodent-borne diseases.
In addition to the red bank vole, there is
a high probability in the circulation of zoonotic diseases in the forest dormouse.

Material and Methods
Small mammals capturing and testing for
different possible pathogen agents, are
the material for this study in the territory of
the Republic of Mordovia (53º38’–55º11’N
and 42º11’–46º45’ E) (Fig. 1) for epizootological research purposes. Coniferous
forest, broad-leaved forests, shrub steppe
and meadow steppe compose the rodents’ habitat structure in the territory of
Mordovia. The main forests are composed
by pine Pinus sylvestris (L.), spruce Picea
abies (L.) Karst., European larch Larix decidua (Mill.), oak Quercus robur (L.), common ash Fraxinus excelsior (L.), Norway
maple Acer platanoides (L.), European
white elm Ulmus laevis (Pall.), silver birch
Betula pendula (Roth.), white birch Betula pubescens (Ehrh.), common alder Alnus glutinosa (L.), small-leaved lime Tilia
cordata (Mill.), black poplar Populus nigra
(L.).
The research was conducted in June
and July 2018 and 2019. The live traps
were set in the typical habitats of the forest dormouse for several days and then
transferred to the next site. We used four
trap lines. The number of traps in each
line was 25. Snap traps were set for no
more than 1 or 2 days. Salami and apple
were used as baits. Traps were set mainly in mixed and broad-leaved forests. The
latter biotope is a favourite habitat (Grigoryeva et al. 2015, Andreychev and Kiyaykina 2020). The material of the forest
dormouse (dead animals) was obtained in
small quantities, since this rare species in

the region. This is due to the peculiarities
of its distribution. Forest dormouse occurs
from Western Europe across Asia Minor,
Caucasus, reaching to Central Russia
and Central Asia. In this extensive area,
the species is rare in many parts of its native range, especially in Western Europe
and Russia (Batsaikhan et al. 2008, Markov et al. 2017).
All animal carcasses were used as a
result of basic research on population genetics (Grigoryeva et al. 2015) and homing (Andreychev and Kiyaykina 2020).
During the research period of 2009-2019,
a total of 1995 individuals of the following
rodent species were trapped: red bank
vole (M. glareolus) – 30.9 %, common
vole (M. arvalis) – 23.8 %, Ural field mouse
(A. uralensis) – 18.7 %, yellow-necked
mouse (A. flavicollis) – 11.5 %, striped
field mouse (A. agrarius) – 10.4 %, house
mouse (M. musculus) – 4.4 %, and forest dormouse (D. nitedula) – 0.3 %. The
captured rodents were transported to the
laboratory of the Center for Hygiene and
Epidemiology in the Republic of Mordovia.
Enzyme-linked immune sorbent assay
(ELISA), using the ‘Huntagnost’ test system for the presence of the pathogen, was
the main method used to detect the HFRS
antibodies in homogenized rodent’s lungs.
Studies on tularemia were performed using serological and bacteriological methods. For leptospirosis and yersiniosis,
studies were conducted by serological
method (Methodical Instructions 2012).

Results and Discussion
Of the six examined dormice, four individuals (66.7 %) were found to have antigens
of the pathogen causing HFRS, and two
individuals (33.3 %) were found to have
antigens of tularemia pathogen. Only one
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Fig. 1. Map of the Republic of Mordovia – oval – where animals were trapped.

individual of the forest dormouse was
found to have no antigens of zoonotic diseases.

Comparing the results obtained in Mordovia by the spectrum of mouse rodent
species infected with tularemia (Fig. 2)
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Fig. 2. Rodents’ population structure involved as the reservoirs of tularemia
and its circulation in 2019.

with the data obtained for the entire Volga Federal district (Trankvilevsky et al.
2015), a similar picture should be noted
in the primary role of the carrier of this disease, the red bank vole (M. glareolus) (in
Mordovia – 42 %, in Volga Federal district
– 56.2 %) and Ural field mouse (A. uralensis) (in Mordovia – 25 %, in Volga Federal
district – 21.9 %).
M. musculus, the house mouse, was
the third rodent species found positive for
the presence of tularemia bacteria (15 %);
meanwhile, the field mouse, A. agrarius,
was found positive for the same bacteria
(15.6 %) in Volga Federal district area.
Analyzing the results of infection of
rodents with hantavirus for 1997–2001
by Chumakov (2003) and 2007 by Churbanova (2008), as well as the results obtained by our study a change in the role
of the main carrier of this disease could
be stated. Thus, in 1997-2001, a high
proportion of infected individuals were observed among the yellow-necked mouse,
field mouse, red bank vole and the common vole captured, meanwhile in 2007,

the common vole was found positive as
well (21.4 %). Our study showed that the
house mouse (41 %) was of primary importance, while the red bank vole (23 %)
and the common vole (23 %) were highly
infected (Fig. 3). Perhaps the reason for
this is that a large number of animals were
captured near settlements. Our study
showed as well, that the field mouse was
not infected with the pathogen causing
HFRS among common small mammals in
the region, although this species may be
active in the epizootic process in Russia
(Trankvilevsky et al. 2011).
The highest rate of infection with the
leptospirosis pathogen was observed in
the common vole. The field mouse was
the second most infected (34 %). To a
lesser extent, infection was detected in
the house mouse. In other captured rodents’ species, the pathogen was not detected.
Thus, among small mammals in Mordovia, the red bank vole, the common vole
and the house mouse have an important
role as carriers of zoonotic diseases. This
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Fig. 3. Rodents’ population structure involved as reservoirs of HFRS
and its circulation in 2019.

circumstance is due to the high number
of these species representing the rodent
fauna of each region. However, it is necessary to take into account the role of
such species like the forest dormouse,
which has a high percentage of the tularemia and hantavirus pathogen. High
diversity of small mammals’ species in
Mordovia with positive infection results is
ensuring the persistence and circulation
of the tularemia agents in the natural foci,
which maintain a high risk of human disease cases.

Acknowledgement
We are grateful to E. A. Ilykaeva, A. V. Salaeva, E. O. Levtcova, S. A. Yutukova, M.
N. Suharnikova for support in carrying out
of field studies.

References
Andreychev A.V., Boyarova E.I., Kuznetsov V.A.
2016. The role of mouse-like rodents in the

circulation of pathogens of natural focal
diseases in the Republic of Mordovia. Bulletin Samara scientific center of Russian
Academy Sciences 5(2): 186–191 (in Russian with English summary).
Andreychev A., Boyarova E., Lapshin A.,
Kuznetsov V. 2019. Detection of foci of tularemia using enzyme immunoassay for the
predatory bird pellets. Periodico Tche Quimica 16(31): 632–641.
Andreychev A.V., Kiyaykina O.S. 2020. Homing of the forest Dormouse (Dryomys
nitedula, Rodentia, Gliridae). Zoologicheskii Zhurnal 99(6): 698–705 (in Russian
with English summary). DOI: 10.31857/
S0044513420060033
Andreychev A.V., Lapshin A.S. 2017. Quantitative and Qualitative Composition of Diet of
the Ural Owl, Strix uralensi (Strigidae, Strigiformes), in the Central Part of European
Russia (the Example of the Republic of
Mordovia). Vestnik zoologii 51(5):421–428.
DOI: 10.1515/vzoo-2017-0050
Andreychev A.V., LapshIn A.S., Kuznetsov V.A.
2014. Food spectrum of the Eagle owl
(Bubo bubo) in the Republic of Mordovia.
Zoologicheskii Zhurnal 93(2): 248–258
(in Russian with English summary). DOI:
10.7868/S0044513414020032
Andreychev A.V., LapshIn A.S., Kuznetsov V.A.

268

A. Andreychev and E. Boyarova

2016. Breeding success of the Eurasian
Eagle Owl (Bubo bubo) and rodent population dynamics. Biology Bulletin 43(8): 851–
861. DOI: 10.1134/S1062359016080045
Batsaikhan N., Krystufek B., Amori G., Yigit N.
2008. Forest Dormouse Dryomys nitedula.
The IUCN Red List of Threatened Species
2008: e.T6858A12810747. Available at:
http://dx.doi.org/10.2305/IUCN.UK.2008.
RLTS.T6858A12810747.en
Chicu V., Gheorghita S., Burlacu V., Gutu A.,
Sohotchi V., Culibacinaia E., Melnic V., Caraman N., Benes O. 2010. Tularemia – particutarita ti actuale ce asigurapersistentfocarelor in Republica Moldova. Buletinul
Academiei de Stiinte a Republicii Moldova:
51–58 (in Moldavian).
Chumakov M.E. 2003. Ecological and epidemiological characteristics of natural foci of
hemorrhagic fever with renal syndrome in
the Republic of Mordovia. Kazan Medical
Journal 84(8): 388–392 (in Russian).
Churbanova T.A. 2008. Natural foci of hemorrhagic fever with renal syndrome in the
Republic of Mordovia. Problems of particularly dangerous infections 97: 68–69 (in
Russian).
Demchyshyna I.V., Glass G.E., Hluzd O.A., Kutseva V.V., Taylor M.K., Williams E.P., Kurpita V., Jonsson C.B. 2020. Cocirculation
of Two Orthohantavirus Species in Small
Mammals of the Northwestern Ukraine.
Journal of Wildlife Diseases 56(3): 1–6.
DOI: 10.7589/2019-09-238
Ergeshbayev M.B. 2018. Fauna and epizootological significance of the forest Dormouse,
Grebenshchikov gerbil and their fleas.
Bulletin of the branch of the Federal state
budgetary educational institution of higher
education ‘Russian state social University’
2(18): 127–132 (in Russian).
Grigoryeva O., Balakirev A., Orlov V., Krivonogov D., Stakheev V., Andreychev A. 2015.
Philogeography of the forest dormouse
Dryomys nitedula (Gliridae, Rodentia) in
Russian Plain and the Caucasus. Folia
Zoologica 64(4): 361–364.
Laakkonen J., Kallio-Kokko H., Oktem M.A.,
Blasdell K., Plyusnina A., Niemimaa J., Karatas A., Plyusnin A., Vaheri A., Henttonen H.

2006. Serological Survey for Viral Pathogens in Turkish Rodents. Journal of Wildlife
Diseases 42(3): 672–676.
Markov G.G., Colak E., Yigit N., Kocheva M.A.,
Gospodinova M.K., Dimitrov H.A. 2017.
Population epigenetic diversity versus
subspecies detachment of the forest dormouse, Dryomys nitedula (Pallas, 1778)
(Rodentia: Gliridae), in a long distance
transect in Eurasia: implication for its conservation. Acta Zoologica Bulgarica, Supplement 8: 199–204.
Methodical Instructions 3.4.3008-12, 2012.
Sanitary protection of the territory. The
procedure for epidemiological and laboratory diagnostics of particularly dangerous,
new and returning infectious diseases:
1–44.
Mostafavi E., Shahraki A.H., Japoni-Nejad A.,
Esmaeili S., Darvish J., Sedaghat M.M.,
Mohammadi A., Mohammadi Z., Mahmoudi A.,
PourhosseinB., Ghasemi A., Gyuranecz M.,
CarnielE. 2017. A field study of plague
and tularemia in rodents, Western Iran.
Vector-Borne and zoonotic diseases: 1–7.
DOI: 10.1089/vbz.2016.2053
Nafeev A.A., Korobeinikova A.S., Samatigila
G.B., Shibaeva E.I., Klochkov L.A., Ganieva L.M. 2009. Landscape epidemiology of
hemorrhagic fever with renal syndrome in
the Middle Volga region. Population Health
and habitat 2: 15–17 (in Russian).
Papa A., Mills J.N., Kouidou S., Ma B., Papadimitriou E., Antoniadis A. 2000. Preliminary
characterization and natural history of hantaviruses in rodents in northern Greece.
Emerging Infectious Diseases 6(6): 654–
655.
Papa A., RogozI E., Velo E., PapadImItrIou E.,
BIno S. 2016. Genetic detection of hantaviruses in rodents, Albania. Journal of Medical Virology 88: 1309–1313. DOI: 10.1002/
jmv.24486.
Pavlov P., Hubalek Z., Daniel M., Rosicky B.
1978. Investigations of mammals in the
surroundings of Akhtopol (Bulgaria) on the
incidence of tularemia. Folia Parasitologica
25: 87–89.
Rogozi E., Bego F., Papa A., Mersini K.,
Bino S. 2013. Distribution and ecolo-

Forest Dormouse (Dryomys Nitedula, Rodentia, Gliridae) – a Highly Contagious ...
gy of small mammals in Albania. International Journal of Environmental
Health Research 23(3): 258–268. DOI:
10.1080/09603123.2012.717917
Rossolimo O.L., Potapova E.G., Pavlinov I.Ya.,
Kruskop S.V., Voltzit O.V. 2001. Dormice
(Myoxidae) of the World. Moscow: Moscow
University Publisher. 229 p. (in Russian).
Stanko M., Fricova J., Schniererova E., Mosansky L., Mardzinova S. 2004. Fauna
drobnych cicavcov (Insectivora, Rodentia,
Carnivora) okolia rozhanoviec (Kosickakotlina). Natura Carpatica 45: 107–116 (in
Slovak).
Trankvilevsky D.V., Strygina S.O., Kutuzov
A.V., Bakhmetyeva Yu.O., Tregubov O.V.,
Rodina I.V., Bernstein A.D., Korotina N.S.,
DzagurovaT.K., Stepkin Yu.I., Chibirko M.I.,
Tkachenko E.A. 2011. Long-term dynamics
of the number and species composition
of small mammals in open Lugo-field stations of the Voronezh region and changes

269

in the epizootological and epidemiological
situation in zoonotic foci. Disinfection case:
48–57 (in Russian).
Trankvilevsky D.V., Udovikov A.I., Popov V.P.,
Zakharov K.S., Popov N.V., Bezsmertny
V.E. 2015. State of the rodent population
and epidemiological situation on tularemia
in the territory of the Russian Federation
in the second half of 2014 and forecast for
2015. Problems of particularly dangerous
infections1: 30–35 (in Russian).
Tsvirko L.S., Kozlov A.M. 2012. Hemorrhagic
fever with renal syndrome in Belarusian
Polesya region. Bulletin of Polessky State
University 1: 3–9 (in Russian).
Weidmann M., Schmidt P., Vackova M., Krivanec
K., Munclinger P., Hufert F.T. 2005. Identification of genetic evidence for Dobrava
virus spillover in rodents by nested reverse transcription (RT)-PCR and TaqMan
RT-PCR. Journal of Clinical Microbiology
43(2): 808–812.

