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Abstract

Hemorrhagic fever with renal syndrome (HFRS) has been confirmed by serological methods during recent years
in Romania. In the present study, focus-reduction neutralization tests (FRNT) confirmed Dobrava hantavirus
(DOBV) as the causative agent in some HFRS cases, but could not distinguish between DOBV and Saaremaa
virus (SAAV) infections in other cases. DOBV was detected by a DOBV-specific TaqMan assay in sera of nine
patients out of 22 tested. Partial sequences of the M genomic segment of DOBV were obtained from sera of
three patients and revealed the circulation of two DOBV lineages in Romania. Investigation of rodents trapped
in Romania found three DOBV-positive Apodemus flavicollis out of 83 rodents tested. Two different DOBV
lineages were also detected in A. flavicollis as determined from partial sequences of the M and S genomic
segments. Sequences of DOBV in A. flavicollis were either identical or closely related to the sequences obtained
from the HFRS patients. The DOBV strains circulating in Romania clustered in two monophyletic groups,
together with strains from Slovenia and the north of Greece. This is the first evidence for the circulation of
DOBV in wild rodents and for a DOBV etiology of HFRS in Romania.
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Introduction

Hantaviruses (family Bunyaviridae, genus Hantavirus)
are enveloped RNA viruses with a segmented negative-

stranded genome composed of small (S), medium (M), and
large (L) segments that encode a nucleocapsid protein (N),
two glycoproteins (Gn, Gc), and a RNA polymerase, re-
spectively. These viruses are responsible for two clinical
syndromes in humans—hemorrhagic fever with renal syn-
drome (HFRS) in Europe and Asia and hantavirus pulmonary
syndrome (HPS) in the Americas (Vaheri et al. 2013).

In general, it is believed that each hantavirus has a different
primary rodent reservoir species. Recent data also associated
hantaviruses with insectivores (Kang et al. 2009) and bats
(Weiss et al. 2012); however, only rodent-borne hantaviruses
have so far been found to be pathogenic to humans. Trans-
mission of hantaviruses to humans occurs through the inha-
lation of aerosolized excreta from infected rodents.

Among the hantaviruses circulating in Europe (Puumala
virus [PUUV], Dobrava virus [DOBV], Saaremaa virus
[SAAV], Tula virus [TULV], and Seoul virus [SEOV]), the
most widespread is PUUV, carried by the bank vole (Myodes
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glareolus), which is causing significant outbreaks of ne-
phropathia epidemica, a rather mild form of HFRS, in large
areas of Europe (Heyman et al. 2011). DOBV and SAAV
are at present listed as unique viruses by the International
Committee on Taxonomy of Viruses, but the nomenclature of
the European Apodemus-derived hantaviruses is still under
debate and probably needs further revision (Vaheri et al.
2013). Klempa et al. (2013) proposed classification into four
genotypes within the species ‘‘Dobrava-Belgrade virus,’’ i.e.,
Dobrava, Kurkino, Saaremaa, and Sochi, based on the dif-
ferences in their phylogeny, specific host reservoir, geo-
graphical distribution, and pathogenicity for humans. DOBV,
carried by Apodemus flavicollis, the yellow-necked field
mouse (DOBV-Af ), is causing more severe disease than the
closely related SAAV, which is carried by A. agrarius, the
striped field mouse. TULV is carried by species of voles in
the genus Microtus, and its significance as a pathogenic agent
in humans is not clear. SEOV, carried by rats (Rattus nor-
vegicus and R. rattus), is widespread in Asia, but its circu-
lation in Europe has been documented, as well as its likely
involvement in human disease (Heyman et al. 2011, Jameson
et al. 2013, Å. Lundkvist and H. Zeller, unpubl.).

Sporadic HFRS cases, either isolated or clustered, have
been reported in Romania (Manasia et al. 1977). A com-
prehensive presentation of the clinical picture in a first series
of laboratory-confirmed HFRS cases among residents from
Eastern Romania was recently published (Maftei et al. 2012).

Our objectives for the present study were to identify the
hantaviruses causing HFRS in Romania and their circulation
in rodents in areas where human cases were confirmed. As
with different diagnostic assays, high levels of cross-reactive
antibodies to DOBV, Hantaan virus (HTNV), and, in some
cases, SEOV and PUUV were found, we tested samples with
a focus-reduction neutralization test (FRNT), which is the
only serological assay that allows precise serotyping. We also
performed classical and real-time reverse-transcription PCR
followed by sequencing and sequence analysis of hantaviral
genomic targets detected in rodent tissues and HFRS pa-
tients’ sera.

Materials and Methods

Samples from HFRS patients and serological tests

Sera from patients hospitalized in the departments of in-
fectious diseases, nephrology, gastroenterology, or intensive
care units were received for diagnosis at the National Re-
ference Laboratory in Bucharest, Romania, between 2005
and 2012. Sera were split into two aliquots conserved at 2–
4�C and at - 70�C for serological and for molecular testing,
respectively.

The serological diagnostic criteria for a confirmed hanta-
virus acute infection were any of the following: (1) the
presence of hantavirus-specific immunoglobulin M (IgM)
and IgG in a single serum sample, or (2) the presence of IgM
and seroconversion of IgG in paired sera, or (3) a four-fold
titer-rise of hantavirus-specific antibodies in paired sera.
Although RT-PCR was not used routinely for diagnosis of
HFRS-suspected patients, the detection of hantavirus nucleic
acid in a sequenced RT-PCR product was regarded as con-
firmatory for hantavirus diagnosis.

For routine serological diagnosis of HFRS, during the
period 2005–2012, several different methods and commer-

cial kits were used as follows: Indirect IgM and IgG enzyme-
linked immunosorbent assay (ELISA) for HTNV and PUUV
(Progen Biotechnik, Heidelberg, Germany); Hantavirus Pool
1–Eurasia IgM and IgG (Euroimmun, Lübeck, Germany);
immunofluorescence assay (IFA; Progen Biotechnik); Mo-
saic Hantavirus Eurasia (Euroimmun); Point of Care tests for
IgM PUUV and DOBV (Reagena, Toivala, Finland); and
immunoblotting (recomLine Bunyavirus IgG/IgM, Mikro-
gen, Neuried, Germany).

For serotyping, acute and late convalescent sera from five
patients were tested for the presence of neutralizing anti-
bodies against DOBV, SAAV, HTNV, SEOV, and PUUV by
FRNT (Lundkvist et al. 1997).

Acute-phase serum samples from 22 patients confirmed for
hantavirus infection or presenting with borderline IgM values
were subjected to RNA extraction using a QIAamp Viral
RNA Mini Kit (Qiagen, Hilden, Germany) according to the
manufacturer’s protocol.

Rodent trapping and tissue sample processing

Rodents were captured in 2007 (September 10 to 22) and
2008 (from June 2 to 5) in the Arad and Sibiu counties where
human HFRS cases, FRNT confirmed as DOBV infections,
had earlier been recorded (Fig. 1). In the Arad county, capture
sites were set in the foothills of the Zarand Mountains
(Western Carpathians), in the valley of a small tributary of
Mures river, between localities of Baia and Slatina de Mures.
In the Sibiu county, the capture sites were set starting with the
locality Gura Raului along the right shore of its dam lake, and
in the Cindrel Mountains (Southern Carpathians). The col-
lection stations were set in the belt of deciduous, mainly
beech forests, and mixed spruce forests, in bushy areas,
grasslands, most of them along streamlets.

Rodents were captured using Sherman-type live traps, set
overnight, and collected in the morning. Rodents were eu-
thanized, and lung tissue samples were preserved in the field
in RNAlater (Qiagen). When brought to the laboratory, the
samples were stored at - 70�C until processing.

For extraction of nucleic acids, 30 mg of lung samples
were ground in a bead mill homogenizer (2 min at 2000 rpm)
in lysis buffer, and then subjected to total RNA and DNA
extraction with SV Total RNA Isolation System (Promega,
Madison, WI) and DNeasy� Blood & Tissue Kit (Qiagen),
respectively, according to the manufacturer’s instructions.

Molecular assays

A real-time TaqMan assay targeting the S segment of
DOBV (Weidmann et al. 2005) was used as a screening tool
to detect DOBV-positive samples. RT-nested PCR with
DOBV-specific primers (Avsic-Zupanc et al. 2000) targeted a
sequence of 281 nucleotides from the M segment. RT-PCR
(Avsic-Zupanc et al. 1995) was used to amplify a 877-
nucleotide sequence from the S segment.

The identification of rodent species was confirmed by se-
quencing a fragment of cytochrome c oxidase subunit I (COI)
mitochondrial gene (Alcaide et al. 2009).

Sequencing and phylogenetic analysis

All amplicons were purified and sequenced with BigDye
Terminator v3.1 on an Avant 3100 Genetic Analyzer (Applied
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Biosystems, Foster City, CA). Sequences were edited and
alignments were constructed in the BioEdit software package
(Hall 1999). M segment sequences, of approximately 250 bp,
from both human and rodent samples were compared with
similar ones from the DOBV clade associated with A. flavicollis
(DOBV-Af ) (Klempa et al. 2005). Phylogenetic analysis was
performed using MEGA5.1 software (Tamura et al. 2011) and
the maximum likelihood method based on the Tamura-3 pa-
rameter model (Tamura 1992) with a discrete Gamma distri-
bution with five rate categories and 1000 bootstrap, previously
calculated. The trees were rooted to the corresponding se-
quences of prototype Hantaan virus. The deduced amino acid
sequences were analyzed to identify nonsynonymous mutations.

Results

Rodents molecular testing

Eighty-three rodents of four species (31 A. flavicollis, 11
A. agrarius, 24 A. sylvaticus, 17 M. glareolus [bank vole]
individuals) were captured, and lung tissue samples were
analyzed. The TaqMan RT-PCR detected DOBV RNA in
three tissue samples from A. flavicollis captured during the
field trip of June 2–5, 2008.

In the same three A. flavicollis, partial DOBV M segments
were amplified by an RT-nested PCR. Two of these three
DOBV-positive rodents were captured in the Arad county
(DOBV RO Af1 08 and DOBV RO Af2 08), and one in the

Sibiu county (DOBV RO Af3 08) (Fig. 1). Sequences were
deposited in GenBank with the accession numbers FR836477,
FR836478, and FR836479, respectively. Sequence analysis
was performed on a 215-nucleotide common region (positions
1361–1575 according to the M segment complete sequence of
DOBV-Af prototype strain Slovenia; GenBank acc. no
L33685). The sequences from rodents captured in the Arad
county (DOBV RO Af1 08 and DOBV RO Af2 08) showed
100% nucleotide identity among each other and 93.4% with
the one from the Sibiu county (DOBV RO Af3 08). High
sequence identity was calculated with DOBV Slovenia and
DOBV Ano-Poroia (Greece), ranging from 93% to 96.2%. At
the amino acid level, 100% identity was calculated between
A. flavicollis–derived DOBV strains from Romania and
DOBV Slovenia, and 98.5% with DOBV Ano-Poroia. One
nonsynonymous mutation versus DOBV Ano-Poroia was
found (proline replacing leucine at position 512).

The PCR for the S genomic segment yielded the band of
interest for two out of 83 rodents tested, one from the Arad
county (DOBV RO Af2 08) and one from Sibiu (DOBV
RO Af3 08), which had yielded M segment sequences
also. Sequences were deposited in GenBank under the ac-
cession numbers HE801176 and HE801177, respectively.
Sequence analysis was conducted on a common region of
482 nucleotides (positions 730–1211 according to the S
segment complete sequence of DOBV-Af prototype strain,
GenBank acc. no. L41916). A high degree of nucleotide

FIG. 1. Map of Romania counties (NUTS3) with the sites of collection of Dobrava virus (DOBV)-positive A. flavicollis
(partial sequences of M and S genomic segments), and the distribution of human hemorrhagic fever with renal syndrome
(HFRS) cases diagnosed between 2005 and 2012, as follows: Cases with serological confirmation only, with positive DOBV
TaqMan assay test, and with sequenced DOBV M segment.
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and amino acid sequence similarity between the strains from
Romania (96.8% and 100%) as well as 94.5% and 95.2%
nucleotide and 97.5% and 98.7% amino acid sequence iden-
tity to the DOBV-Af prototype strain Slovenia were found. By
comparing the sequence of 577 nucleotides of DOBV RO Af3
08 with the prototype S segment, many synonymous substi-
tutions (28) and only one nonsynonymous substitution were
found, leading to the replacement of cysteine by valine at
position 345. All rodents from which DOBV genomic targets

were amplified were confirmed as A. flavicollis by COI mi-
tochondrial sequence (sequences deposited in GenBank under
acc. nos. JQ935785, JQ935786, and JQ935787).

DOBV sequences were obtained only from the lungs of
A. flavicollis; no other rodent species tested were found
positive. As revealed by the partial sequences of the M and S
genomic segments, two different, however closely related,
lineages of DOBV were associated to A. flavicollis from the
Arad and Sibiu capture sites, respectively (Figs. 2 and 3).

FIG. 2. Phylogenetic tree generated by the maximum likelihood method based on the Tamura 3-parameter model, on a
partial sequence of M segment of Dobrava virus (DOBV; nucleotides 1389–1571), with Hantaan virus (HTNV; acc. no.
GQ120966) as an outgroup. Numbers at nodes represent the percentage of 1000 bootstrap replicates (values < 70 are not
shown). Scale bar indicates the estimated number of nucleotide substitutions per site. Accession numbers for sequences
extracted from GenBank: DOBV Slovenia L33685, DOBV East Slovakia/400Af/98 AY168577, DOBV Russia Lip9/hu
GQ205400, DOBV Russia Ap1584/Sochi-01 EU188450, DOBV Germany/08/131/Af GQ205413, DOBV Germany/08/118/
Aa GQ205412, DOBV Greece Ano-Poroia/Afl9/1999 AJ410616, HTNV GQ120966.

FIG. 3. Phylogenetic tree generated by the maximum likelihood method based on the Tamura 3-parameter model, on a
partial sequence of S segment of Dobrava virus (DOBV; nucleotides 730–1211), with Hantaan virus (HTNV; accession no.
JQ083395) as an outgroup. Numbers at nodes represent the percentage of 1000 bootstrap replicates (values < 70 are not
shown). Scale bar indicates the estimated number of nt substitutions per site. Accession numbers for sequences extracted
from GenBank: DOBV Slovenia L41916, DOBV Greece Ano-Poroia/Afl9/1999 AJ410615, DOBV Russia Ap1584/Sochi01
EU188449, DOBV Russia Krasnodar P-s 1223/2000 AF442623, Saaremaa virus (SAAV) Estonia/160V AJ009773, DOBV
Germany/08/131/Af GQ205408, DOBV Russia Kurkino/53 Aa/98 AJ131673, HTNV JQ083395.
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Human HFRS cases

Between year 2005 and 2012, 27 patients suspected of
HFRS have been confirmed for hantavirus infection by the
National Reference Laboratory in Bucharest, Romania: 26
patients with HFRS were confirmed by routine serological
methods with commercial diagnostic kits, and one patient, for
whom only a single acute serum was available, was confirmed
by the molecular assay followed by sequencing. In most cases,
a significant cross-reactivity of antibodies was found against
DOBV, HTNV, SEOV, and sometimes also PUUV. However
in one case (a resident of the Vrancea county/2009 year), a
PUUV infection was indicated by using the Point of Care IgM
Puumala (Reagena) and immunoblotting (Mikrogen).

Sera from five patients were tested by FRNT for hantavirus
serotyping (Table 1). In two patients only, residents of the
Arad and Sibiu counties, respectively, the end-point titers of
neutralizing antibodies confirmed DOBV infections, whereas
in the other three patients (two residents of the Arad county
and one resident of the Vrancea county) a distinction between
DOBV and SAAV could not be made.

The following numbers of confirmed HFRS cases were
diagnosed in the reference laboratory per year: 1/2005, 1/
2006, 2/2007, 4/2008, 8/2009, 4/2010, 4/2011, and 3/2012.
The distribution of cases, number/county of residence, for the
period 2005–2012, was 9/Vrancea, 6/Neamt, 6/Iasi, 3/Arad,
1/Sibiu, 1/Bacau, 1/Suceava (Fig. 1).

Molecular testing of human sera

Sera from 22 patients in the acute phase of disease were
tested in a TaqMan assay for DOBV RNA genomic targets.
Serum samples from nine patients produced a weak positive
signal in a TaqMan assay, with high cycle threshold (Ct)
values (between 30.13 and 38.24). Patients in whom DOBV
RNA was detected via TaqMan assay lived in the following
counties: Arad (one patient), Sibiu (one patient), Vrancea
(three patients), Neamt (one patient), Iasi (two patients), and
Bacau (one patient) (Fig. 1). The M segment target could be
amplified in RT-nested PCR in only three of these patients,
from Neamt, Vrancea, and Bacau counties. We designated
these sequences DOBV RO H1 09, DOBV RO H2 09, and
DOBV RO H3 12, respectively. Sequences were deposited in
GenBank under the accession numbers FR836480, FR836482,
and HE800553. No S genomic segment amplicon could be
obtained from human sera. Of the nine positive patients in the
TaqMan assay, eight patients had also been serologically
confirmed, and in one patient the confirmation was based on
the sequenced amplicon of partial DOBV genomic segment.

In two patients (from Neamt and Vrancea), the amplified M
sequences of DOBV were identical among each other and also
with the M sequence detected in A. flavicollis captured in the
Sibiu county. In one patient, from the Bacau county, the M
sequence was 93.4% similar to the other two sequences de-
tected in humans and 99.4% similar to the DOBV M sequences
detected in A. flavicollis from Arad. For the fragment of 60
amino acids analyzed, there was no difference between the
DOBV strains from Romania. High sequence similarity was
calculated when comparing with M segment sequences of
DOBV Ano-Poroia and DOBV Slovenia strains, ranging from
92.8% to 96.7% for the nucleotides and 98.3–100% for the
amino acid sequences. For DOBV RO H2 09 as compared
with DOBV Slovenia and DOBV Ano-Poroia, 18- and 20-
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nucleotide substitutions and two nonsynonymous substitutions
could be observed (valine to isoleucine in position 445 and
proline to leucine in position 512). Phylogenetic analysis of the
partial M segment showed that DOBV strains from Romania
belong to two monophyletic groups of DOBV (Fig. 2). The
first monophyletic group is clustering sequences from rodents
DOBV RO Af 3 08 and humans DOBV RO H1 09 and DOBV
RO H2 09 from Romania, with the Greek Ano-Poroia DOBV
strain. The second one is clustering sequences from rodents
(DOBV RO Af 1 and DOBV RO Af 2) and from human serum
DOBV RO H3 12 from Romania, with the prototype strain
DOBV-Af. The sequence variability within the M segment for
European DOBV strains on the analyzed fragment was cal-
culated as being 17.7%, as compared with 4.7% calculated for
the sequences of DOBV strains from Romania.

Discussion

Clinical HFRS in Romania has been reported, between
1956 and 1974, in 27 cases: Six cases in a family cluster from
the Bacau county, 1956 (Corneleac et al. 1956); 10 cases in
Neamt county, 1961–1962 (Talasman et al. 1968); five cases
in Alba county, in Western Carpathians in 1972; and six cases
in Harghita county in 1972–1974 (Manasia et al. 1977). For a
period of time, the disease was completely overlooked by
clinicians (Maftei et al. 2012). The first serologically con-
firmed HFRS case was reported in 2005 in a man spending a
fortnight in his forest hut, from the Zarand Mountains in Arad
county (C.S. Ceianu, unpubl.).

We here present evidence for a DOBV etiology of hospi-
talized patients presenting with HFRS in Romania. Among
the 27 laboratory-confirmed cases during 2005–2007, only
one has been serologically diagnosed as a PUUV infection, a
resident of the Vrancea county (2009). Nine out of the re-
maining 26 cases were confirmed as DOBV infections either
by FRNTs, or by real-time RT-PCR with DOBV-specific
TaqMan probe, or by sequenced DOBV amplicons. For the
other 17 cases, either FRNT could not discriminate between
DOBV and SAAV (in three cases), or it was not possible
to distinguish a specific virus, because of the high cross-
reactivity of serum antibodies in the routine diagnostic tests
that we used. The clinical picture in some of these cases was
severe, and patients had to be dialyzed (Maftei et al. 2012).
Most of the patients were hospitalized in the Nephrology
Clinic with severe or moderate disease. This selection of
rather severe cases might explain the fact that only one se-
rologically confirmed case with indication of PUUV virus
infection was found.

DOBV carried by A. flavicollis was detected in both ro-
dents from this species and patients. Cases were distributed
mainly in the area of broad leaf forests, beech forests, and
coniferous forests mixed with deciduous species. In the east
and northeast of the country, most cases were recorded from
rural localities situated in Eastern Carpathian Mountains and
foothills, but also from the Plateau of Moldova and Prut river
lowland, where cases occurred in both rural and urban set-
tings. In the west of the country, cases occurred in areas of
Zarand Mountains (Western Carpathians), but also in the
Plain of Mures river, Arad county.

Some of the HFRS foci found in the Eastern Carpathians
either overlap with areas in which clinical cases have been
already described (Bacau and Neamt), as reported by Cor-

neleac et al. (1956) and Talasman et al. (1968), or are con-
tiguous to previously affected areas—new foci in the Vrancea
and old foci in the Harghita counties situated on the Eastern
and Western slopes of the Carpathian Mountains, respec-
tively. In the Western Carpathians, new foci in the Arad
county are contiguous with the old focus in the Alba county,
identified in 1972–1974 (Manasia et al. 1977).

A seasonal pattern of cases was noticed, with a higher
number of cases having onset in warmer seasons—spring (12
cases), summer (six cases), fall (five cases), and winter (four
cases). HFRS risk factors, established by interviewing the
patients and by visits on sites by local epidemiologists
(CPCBT 2009), were identified as follows: being a shepherd
or a forester, farming, working on a building site, having
recreational activities in the forest, sleeping in forest hut,
having house placed in the proximity of forest, presenting
rodents or rodent traces in the premises, cutting/manipulating
wood, and cleaning the basement of a building.

DOBV partial genomic sequences were obtained from both
human and A. flavicollis samples, with high similarity between
them (92.8% up to 100% sequence identity), thus confirming
the epidemiological link between the rodent reservoir and the
HFRS patients. The M segment partial sequences recovered
from rodents in two geographical areas differed from each
other, suggesting the existence of two distinct variants of
DOBV circulating in Romania. They do not cluster together on
a tree topology but rather with sequences from Slovenia and
northern Greece, respectively. As documented by DOBV M
segment sequences obtained from rodents and HFRS patients
in Romania, DOBV strains of both these lineages are circu-
lating along the entire Carpathian Mountains range, including
Western, Southern and Eastern Carpathians and their foothills.
Indeed, the A. flavicollis area is continuous at this level, as even
fragmented forests are linked by corridors that favor migration
and contact of rodent populations.

We have shown that two distinct strains of DOBV are cir-
culating in rodent populations and are transmitted to humans,
causing HFRS in western, central, and eastern regions of the
country. They both belong to the group of DOBV strains cir-
culating in southeastern and Central Europe (Papa 2012).
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