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Abstract: 	 Specific antibodies against Puumala and Dobrava-Belgrade othohantaviruses were examined in small 
mammals in Bulgaria for the firs time. Seroprevalence rate in Apodemus flavicollis was 10.3%, in Apode-
mus agrarius – 14.5%, in Myodes glareolus – 12.7% and in Microtus arvalis – 11.1%. In Smolyan Region, 
seroprevalence rates of rodents were 5.9% in M. glareolus for Puumala hantavirus in the town of Smolyan 
and 20% of A. flavicollis for Dobrava hantavirus in the village of Smilyan. In Pazardzhik Region, infection 
rates in rodents were much higher. Antibodies against hantaviruses were found in 10.6% and hantavirus 
RNA was detected in 6.9% of rodents. One M. glareolus from the village of Ravnogor was positive for 
Puumala hantavirus antibodies and, at the same time, Puumala hantavirus RNA was confirmed. Results of 
the serosurvey on rodents revealed various rates of infection with hantaviruses in different localities and 
identified the so called “hot spots”, where the risk for humans is significant: Smolyan, Smilyan, Batak, 
Velingrad and Peshtera. These findings suggest real risks for humans and are important steps to prevent 
these severe viral hemorrhagic fevers.
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Introduction
Hantaviruses are a widespread group of viruses, in-
cluding some human pathogens, that are maintained 
in enzootic cycle in rodents (Rodentia: Muridae and 
Cricetidae), insectivores (shrews and moles) (Lipo-
typhla: Soricidae and Talpidae) as well as bats (Chi-
roptera) (Plyusnin & Sironen 2014). 

Hantaviruses belong to the order Bunyavi-
rales, the family Hantaviridae and the genus Or-
thohantavirus (King et al. 2018). Virions are en-
veloped and contain negative-sense single-strand 
RNA separated in three segments: small, medium 
and large. Several hantaviruses can cause severe 

hemorrhagic fever with renal syndrome (HFRS) in 
Europe and Asia and acute pulmonary syndrome in 
America, both characterised by significant lethality 
in humans. Globally, about 150,000 cases of hem-
orrhagic fever with renal syndrome are reported 
each year. Nearly half of them are registered in 
China. Humans become infected by inhalation of 
infected rodent excreta. They are accidental hosts. 
In nature, infection is transmitted from infected 
to uninfected rodents through bites by saliva and 
excreta (Hinson et al. 2004). Chronically infected 
rodents develop specific antibodies and hantavirus 
RNA can be detected in their tissues by polymerase 
chain reaction (PCR).
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Hantaviruses that cause hemorrhagic fever 
with renal syndrome in humans are Hantaan virus, 
Seoul virus, Puumala virus, Dobrava-Belgrade vi-
rus and Amur-Soochong virus, all orthohantavirus-
es. Each of them is associated with a specific ro-
dent species as a natural reservoir. Hantaan virus is 
maintained in nature by the striped field mouse (Ap-
odemus agrarius); Seoul virus by Norway rats (Rat-
tus norvegicus); Puumala virus by the bank vole 
(Myodes glareolus); Dobrava-Belgrade virus by the 
yellow-necked field mouse (Apodemus flavicollis); 
and Amour-Soochong virus by Korean field mouse 
(Apodemus peninsulae) (Plyusnin & Sironen 
2014). In Europe, human hantavirus infection is 
mainly caused by Puumala and Dobrava-Belgrade 
orthohantaviruses. Dobrava-Belgrade virus has four 
genotypes: the highly pathogenic for humans Do-
brava and Sochi, the low pathogenic Kurkino, and 
the nonpathogenic Saaremaa (Klempa 2013). Puu-
mala virus causes the so-called “epidemic nephrop-
athy”, a mild disease with low case-fatality rate in 
countries of Central and Northern Europe. Dobra-
va-Belgrade virus causes severe hemorrhagic fever 
with renal syndrome with high case-fatality rate (up 
to 10%) in South-eastern European countries. Both 
viruses, Dobrava-Belgrade and Puumala, circulate 
in several Balkan countries.

Bulgaria is known as an endemic country for 
hemorrhagic fever with renal syndrome. Yearly, 5 to 
10 cases are officially reported to Bulgarian Ministry 
of Health. Such cases originated mainly from two 
regions: Pazardzhik and Smolyan (Kurchatova et 
al. 2016, 2017, 2018). Investigations on ecology of 
pathogenic orthohantaviruses in Bulgaria are scarce. 
Capability of various rodent species in the country to 
maintain different hantaviruses are unknown. Rela-
tive load and geographic distribution of infected ro-
dents need to be elucidated.

Materials and Methods
Rodent sampling
Small mammals  were trapped from grassy and for-
est habitats by Sherman live capture traps in 13 lo-
calities of two regions: Smolyan and Pazardzhik: 
4 localities in Smolyan Region – Smolyan Lakes, 
Mogilitsa, Smilyan and Smolyan, and 9 localities 
in Pazardzhik Region – Batak, Saedinenie, Tsigov 
Chark, Dorkovo, Rakitovo, Velingrad, Yundola, 
Peshtera and Ravnogor. Collected small mammals 
were identified by external and cranial signs (Popov 
2003) and their species, sex and age were recorded. 
Blood samples were collected. Euthanized mam-
mals were dissected and spleen tissue samples were 

collected. Blood and tissue samples were stored at 
-800C freezers until investigations. 

Serological investigations
Antibodies to Puumala and Dobrava-Belgrade virus 
were detected using commercially available ELISA 
tests for human diagnostic (Euroimmun, Germany), 
replacing the conjugate with horse-radish anti-mice 
peroxidase conjugate (MSD, USA). All other rea-
gents as well as the times for incubation were as de-
scribed by the manufacturers. 

Reverse Transcription – Polymerase Chain Reac-
tion (RT-PCR) to detect hantavirus RNA
RNA was extracted using QIAamp Viral RNA Mini 
Kit (Qiagen, Germany) from spleen tissue samples. 
TaqMan RT-PCR was performed for identification of 
conserved region of the S RNA segment of Puumala 
and Dobrava-Belgrade hantavirus genome. Primers, 
probes and reaction conditions were applied as pre-
viously described (Kramski et al. 2007).

Results
A total of 224 small mammals were trapped, identi-
fied at the species level and investigated for ortho-
hantaviruses. Of those, 58 were identified morpho-
logically as Apodemus flavicollis (Melchior, 1834), 
37 as A. sylvaticus (Linnaeus, 1758), 55 as A. agrari-
us (Pallas, 1771), 55 as Myodes glareolus (Schreber, 
1780), 9 as Microtus arvalis (Pallas, 1778), 5 as Mus 
musculus Linnaeus, 1758, 3 as Micromys minutus 
(Pallas, 1771) and 2 as Crocidura suaveolens (Pal-
las, 1811). Blood sample from each of the small 
mammals was tested for antibodies against hantavi-
ruses and spleen tissue samples from 120 of them 
were tested for hantavirus RNA (Table 1).

High levels of specific antibodies against han-
taviruses were found in 18 (8.0%) and low levels 
in additional 4 (1.8%) small mammals. Of these 22 
rodents, 6 were A. flavicollis, 8 A. agrarius, 7 M. 
glareolus and 1 M. arvalis. Seroprevalence rate in 
A. flavicollis was 10.3% (6 of 58), in A. agrarius – 
14.5% (8 of 55), in M. glareolus – 12.7% (7 of 55) 
and 11.1% (1 of 9) in M. arvalis (Table 1). Antibod-
ies against Dobrava orthohantavirus were detected 
in 15 rodents: 6 A. flavicollis, 8 A. agrarius and 1 M. 
arvalis. Antibodies against Puumala orthohantavirus 
were found in 7 M. glareolus.

Using TaqMan RT-PCR, Puumala hantavirus 
RNA was detected in 7 rodents. All of them be-
longed to M. glareolus. Thus, active infection with 
Puumala hantavirus was confirmed in 20.6% (7 of 
34) rodents of this species.
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Analysis of the findings by site of trapping re-
vealed that only 2 (5.6%) of 36 investigated blood 
samples were positive for antibodies and none of 
18 tested spleen samples were positive for hanta-
virus RNA from rodents collected in Smolyan Re-
gion (Table 2). Two blood samples were collected 
from rodents trapped in the town of Smolyan and 
the village of Smilyan. Seroprevalence rates of the 
rodents were 5.9% (1 of 17) of M. glareolus for Pu-
umala hantavirus in the town of Smolyan and 20% 
(1 of 5) of A. flavicollis for Dobrava hantavirus in 
the village of Smilyan (Table 2).

Infection rates in rodents from Pazardzhik Re-
gion were much higher. Antibodies against hantavi-
ruses were found in 20 (10.6%) of 188 tested blood 
samples. Hantavirus RNA was detected in spleen 
samples of 7 (6.9%) of 102 small mammals (Table 
2). One M. glareolus from the village of Ravnogor 
was positive for Puumala hantavirus antibodies 
and at the same time Puumala hantavirus RNA was 
confirmed. In regard to the detected antibodies, 
seroprevalence rates in different localities were as 
follows: 21.4% (3 of 14) of A. flavicollis for Do-
brava virus and 13.0% (3 of 23) of M. glareolus 
for Puumala virus at town of Batak; 33.3% (2 of 
6) of M. glareolus at Velingrad for Puumala virus; 
12.5% (2 of 16) of A. flavicollis and 21.1% (4 of 19) 
of A. agrarius for Dobrava hantavirus at Peshtera; 
11.1% (4 of 36) of A. agrarius and 16.7% (1 of 6) 
of M. arvalis for Dobrava at Rakitovo (Table 2). 
In addition, Puumala hantavirus was detected in 5 
of 23 (21.7%) M. glareolus from Batak and 1 of 6 
(16.7%) M. glareolus from Velingrad (Table 2).

Summarizing the results, serologic evidence 
for Dobrava hantavirus infection was found in to-
tal of 15 rodents and for Puumala hantavirus in 7 
rodents. Puumala hantavirus RNA was detected in 

7 rodents, while Dobrava hantavirus RNA was not 
detected in the investigated rodents.

Discussion
Investigations on rodents as natural reservoirs of 
hantaviruses can reveal circulation of these viruses 
in various regions of the country and the risk for 
humans of being infected. The data are important to 
alert public health authorities to organise necessary 
preventive measures. 

The seroprevalence rates found were sig-
nificant. It should be noted that the rodents were 
trapped in highly endemic regions, where han-
tavirus infections in humans are reported every 
year. The seroprevalence rate of A. flavicollis for 
Dobrava-Belgrade virus in Bulgaria (10.3%) was 
similar to those reported in Greece (13%) (Papa et 
al. 2001) and Serbia (11.89%) (Stamenkovic et al. 
2015); much higher than the seroprevalence rates 
reported in Croatia (6.3%) and Bosnia and Herce-
govina (3.6%) and relatively lower than the rates 
reported in Slovenia (21.21%) and northern Croatia 
and Hungary (17%) (Lundkvist et al. 1997, Avṧič-
Županc et al. 2000, Plyusnina et al. 2009, Nemeth 
et al. 2011).

On the Balkan Peninsula, Puumala and Do-
brava hantaviruses circulate in Slovenia, Croatia, 
Bosnia and Hercegovina, while in East Balkan 
countries (Romania, Serbia, Greece) only Dobrava 
viruses have been detected (Avṧič-Županc et al. 
2014).

In Bulgaria, only Dobrava hantaviruses have 
been confirmed in patients (Papa & Christova 
2011). However, antibodies against Puumala and 
Dobrava viruses have been reported in patients with 
hemorrhagic fever with renal syndrome (Christo-

Table 1. Detection of anti-hantavirus specific antibodies and hantavirus genome by the species of the trapped rodents

Small mammalspecies

Antibodies against hantaviruses
(number of animals)

Hantavirus genome detected
(number of animals)

High 
levels Low levels Negative Total 

number Positive Negative Total  
number

Apodemus flavicollis 5 1 52 58 - 38 38
Apodemus sylvaticus - - 37 37 - 24 24
Apodemus agrarius 5 3 47 55 - 12 12
Myodes glareolus 7 - 48 55 7 27 34
Mus musculus - - 5 5 - 1 1
Microtus arvalis 1 - 8 9 - 9 9
Crocidura suaveolens - - 2 2 - 2 2
Micromys minutus - - 3 3 - - -
Total number 18 4 202 224 7 113 120
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va et al. 2017). In addition, both hantavirus species 
have been detected in rodents (Christova et al. 
2015, 2019). Serological survey on rodent reser-
voirs of Puumala and Dobrava viruses have never 
been conducted. 

Results of our serosurvey on rodents revealed 
various rates of infection with hantaviruses in dif-
ferent localities and identified the so called “hot 
spots”, where the risk for humans is significant: 
Smolyan, Smilyan, Batak, Velingrad and Peshtera. 
In these areas, the risk of being infected with ei-

ther Puumala or Dobrava hantavirus is real as the 
results of our investigations have shown. Although 
Puumala hantavirus has not been confirmed so far 
in Bulgarian patients, the fact that we have detected 
this viral species in rodents and the high rate of in-
fection (20.6%) of its national reservoir, M. glareo-
lus, suggest possible human infections, especially 
in the vicinity of the towns of Batak and Velingrad, 
both being underdiagnosed.

It should be noted that in the Balkan countries, 
Puumala hantavirus can cause severe hemorrhag-

Table 2. Detection of anti-hantavirus specific antibodies and hantavirus genome in trapped rodents by sites of collection

Site of collection Small mammal  species
Antibodies against hantaviruses

(No of rodents)
Hantavirus genome

(No of rodents)
High levels Low levels Total Positive Total

Smolyan 
Region

Smolyan
Apodemus flavicollis - - 3 - 3
Apodemus sylvaticus - - 3 - 1

Myodes glareolus 1 - 17 - 1
Smilyan Apodemus flavicollis - 1 5 - 5

Mogilitsa
Apodemus flavicollis - - 2 - 2
Apodemus sylvaticus - - 4 - 4

Smolyan Lakes Apodemus flavicollis - - 2 - 2

Pazardzhik 
Region

Ravnogor
Mus musculus - - 1 - 1

Myodes glareolus 1 - 1 1 1
Saedinenie Microtus arvalis - - 1 - 1

Dorkovo
Apodemus flavicollis - - 2 - 2
Apodemus sylvaticus - - 3 - 3

Microtus arvalis - - 1 - 1

Yundola
Myodes glareolus - - 3 - 3
Microtus arvalis - - 1 - 1

Tsigov Chark
Apodemus flavicollis - - 4 - -

Myodes glareolus - - 5 - -

Batak
Apodemus flavicollis 3 - 14 - 14
Apodemus sylvaticus - - 16 - 16

Myodes glareolus 3 - 23 5 23

Velingrad
Apodemus flavicollis - - 5 - -

Myodes glareolus 2 - 6 1 6
Crocidura suaveolens - - 2 - 2

Peshtera

Apodemus flavicollis 2 - 16 - 5
Apodemus sylvaticus - - 8 - -
Apodemus agrarius 4 - 19 - 8

Mus musculus - - 4 - -
Micromys minutus - - 1 - -

Rakitovo

Apodemus flavicollis - - 5 - 5
Apodemus sylvaticus - - 3 - -
Apodemus agrarius 1 3 36 - 4

Microtus arvalis 1 - 6 - 6
Micromys minutus - - 2 - -
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ic fever with renal syndrome in humans (Avṧič-
Županc et al. 1999, Markotic et al. 2002), despite 
that it is usually accepted as much less pathogenic 
hantavirus species. 

In conclusion, we detected Puumala othohan-
tavirus and specific antibodies against this virus in 
M. glareolus and antibodies against Dobrava han-
tavirus in A. flavicollis, A. agrarius and M. arvalis. 
The findings suggest a real risk for humans and are 
important steps to prevent these severe viral hemor-
rhagic fevers. 
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