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Abstract To distinguish Thailand virus infection from
infections with other hantaviruses, we established an
ELISA serotyping system using a truncated nucleocapsid
protein of Thailand virus lacking 49 amino acids at the
N-terminus. In evaluations using patient and rodent sera,
Thailand virus infection was readily distinguished from
Hantaan and Seoul virus infections. Therefore, this ELISA
system is an effective alternative to neutralization tests.

Hemorrhagic fever with renal syndrome (HEFRS) is a
rodent-borne viral zoonosis caused by viruses belonging
to the genus Hantavirus, family Bunyaviridae [1]. Four
hantaviruses are currently known to be causative agents
of HFRS: Hantaan virus (HTNV), Seoul virus (SEOV),
Dobrava-Belgrade virus (DOBV), and Puumala virus
(PUUYV). Hantaviruses are considered to be closely asso-
ciated with their rodent hosts due to a coevolution process
2, 31.
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Thailand virus (THAIV) was isolated from a greater
bandicoot rat (Bandicota indica) captured in Thailand [4].
THAIV has a distinct focus reduction neutralization test
(FRNT) pattern [5] and was shown to belong to a distinct
lineage by phylogenetic analysis [6]. Recently, we reported
the first HFRS case related to THAIV [7]. A seroepide-
miological study revealed the existence of hantavirus
infection among patients in Thailand with leptospirosis-
like symptoms [7, 8}. Only a few cases of THAIV infection
have been reported to date, but we believe that THAIV
causes HFRS-like disease in Southeast Asia. Due to its
immunological cross-reactivity with HTNV, SEOV, and
DOBYV, the FRNT is required to differentiate between
hantavirus serotypes [9, 10]. However, the FRNT requires
specific technical skill and a biosafety laboratory for han-
dling viruses. To overcome these limitations, we developed
a serotyping ELISA system using the truncated recombi-
nant nucleocapsid proteins (NPs) of HINV, SEOV, and
DOBYV [9]. The hantavirus NPs possess immunodominant,
linear, and cross-reactive epitopes within their N-terminal
100 amino acids (aa) [9, 1, 12]. By removing 49 aa from
the N-terminus, serotyping antigens that retained serotype-
specific, multimerization-dependent epitopes in the C-ter-
minal half of the NPs were prepared [12, 13]. In this study,
the application of the serotyping ELISA system was
expanded to the diagnosis of THAIV infection.

THAIV strain thai749 was kindly supplied by Dr. P. W.
Lee (WHO Collaborating Center for Virus Research, Korea).
The virus was propagated in the E6 clone of Vero cells
(ATCC C1008, CRL 1586). Recombinant baculoviruses
(Autographa californica nuclear polyhedrosis virus) con-
taining regions encoding the whole and truncated NPs of
hantaviruses (HTNV, SEOV, and THAIV) were propagated
in High Five cells, as described previously [9]. The cDNA of
THALIV strain thai749 was prepared as described previously
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[14]. A portion of the gene encoding the entire THAIV NP
was amplified using the polymerase chain reaction (PCR)
with the primers Bam_THLS46F (5'-GGATCCATGGCAA
CTATGGAAGAG-3') and Bam_THLS1344R (5-TGTGG
GATCCTAGAGTTTTAA-3'; the BamHI sites are shown in
italics) and that of aa 50429 of THAIV NP was amplified by
PCR with primers Bam_THLS193F (5'-ACGGATCCATG
GTGGCTGCATCAAT-3") and Bam_THLS1344R. The
amplified DNA was subcloned into the BamHI site of the
donor plasmid pFAST-Bacl and then expressed using the
Bac-to-Bac baculovirus expression system (Invitrogen,
Carlsbad, CA, USA). The indirect immunofluorescent anti-
body (IFA) assay was carried out as described previously
[15]. As shown in Table I, the whole rNP of THAIV
exhibited the same reactivity pattern to monoclonal anti-
bodies (MAbs) as the corresponding authentic viral antigens,
which showed that the NP was well conserved. The MAb
E5/G6, which recognizes a common epitope of hantavirus
NPs [16], could detect full-length and truncated NP of
THAIV, demonstrating that MAb E5/G6 is useful as a cap-
ture antibody for THAIV antigens [9]. We can provide
E5/G6 MAb upon request. HTNV-specific (C24B4 and
BDO1) and SEOV-specific (DCO3) MAbs could not detect
the THAIV rNPs. As an epitope of MAb ECO2 is localized
between aa residues 1 and 33 of the N-terminus [12], the
truncated NP of THAIV possess reactivity to MAb ECO]1,
but the reactivity was lower than that obtained with other
truncated INPs of HTNV and SEQV. The results for THAIV
antigens shown in Table | were consistent with those
reported previously for HTNV, SEOV, and DOBV [9].

A total of 96-well plates were coated for 1 h with MAb
E5/G6 in PBS as a capture antibody, and then ELISA was
performed as described previously [9]. Sera from HFRS

patients previously diagnosed as being infected with
HTNYV, SEOV, and THAIV were used, and two human sera
confirmed to contain no antibodies to any hantavirus by
ELISA, IFA and Western blot were used as negative con-
trols [7, 9, 17]. Figure 1a shows reaction patterns of patient
sera showing OD values greater than 0.7 against whole NP
from the homologous virus. All three whole rNPs reacted
well with sera from patients infected with, HTNV, SEOV,
or THAIV (Fig. 1a, left). In contrast, each truncated rNP
reacted strongly with homologous sera, but reacted either
not at all or with much lower intensity with heterologous
sera (Fig. 1a, right). Figure 1b shows the effectiveness of
the test for serotyping patient sera infected with HTNV,
SEOV, or THAIV. The sera shown in Fig. 1a were re-
examined and included in Fig. Ib (marked with asterisk).
In Fig. 1b, upper panel, ELISA OD values of HTNV,
SEOV, and THAIV patient sera to homologous or heter-
ologous whole rNPs were plotted with different markers.
As shown, the regression lines of markers for HTNV and
SEOV patients crossed with each combination of antigens.
Further markers for paired sera of THAIV patient were
plotted close to the regression lines. Therefore, whole rNPs
were not applicable for serotyping of THAIV infection. On
the other hand, using the truncated rNPs, the serotypes of
the infecting viruses could be distinguished clearly
(Fig. b, lower panel). However, the ELISA OD value
using truncated NP antigen was lower in some cases than
that obtained with whole NPs. Therefore, the sensitivity of
the ELISA using truncated rNPs might be lower than with
whole rNPs. These results indicate that whole rfNP antigens
are effective for detecting anti-hantavirus antibodies and
that the series of truncated rNPs (aa 50-429) is effective for
serotyping.

Table 1 Antigenic profiling of recombinant antiger;s using MAbs directed to hantavirus NPs in IFA

MAbs IFA antigens

Vero E6 cells infected High Five cells infected with recombinant bacu- High Five cells infected with recombinant baculovirus

with lovirus expressing the whole N protein from: expressing a truncated N protein (aa 50-429) from:
HTNV SEOV THAIV HTNV SEOV THAIV HTNV SEOV THAIV
Cross-reactive clones
ECO2 + + + + + + - - -
ECO1 + + + + + + + + +
ES/G6 + + + + + + + + +
HTNV-specific clones
C24B4 + - - + - - + - -
BDO1 + - - + - - + - -
SEOV-specific clone
DCO3 - + - - + - - + -

IFA profiles against Vero E6 cells infected with HTNV, SEOV, and THAIV were reported previously (7], and IFA profiles against High Five
cells infected with recombinant baculovirus expressing the whole N protein and a truncated N protein (aa 50-429) from HTNV and SEOV were

reported previously [9]
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A Reaction patterns of representative HFRS patient sera using ELISA
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Fig. 1 Reactivities of representative and groups of patient sera HTNV-infected patients (diamonds), SEOV-infected patients

against recombinant and truncated NP antigens in ELISA. a Reaction
patterns of representative HFRS patient sera. Anti-HTNV patient sera
were obtained from China. Anti-SEOV patient sera were obtained
from Japan to Korea, associated with rat-borne disease outbreaks in
laboratories. Two anti-THAIV serum samples were obtained from the
same patient: one from the acute phase and another obtained 1 year
after the first sample. NHS is a human serum obtained from a single
individual confirmed to be negative for hantavirus-specific antibodies,
obtiined from Japan. The serotypes of infecting viruses were
determined by FRNT. The ELISA OD values of sera against whole
NP antigens (left panel) and truncated NP antigens for aa 50-429
(right panel) of HITNV (black bars), SEOV (white bars), and THAIV
(gray bars) are shown. b Comparison of the reactivities of anti-
hantavirus antisera with the recombinant antigens used in this study.
The horizontal and vertical axes show the ELISA ODs for sera from

To demonstrate the applicability of the serotyping
ELISA, antisera derived from several rodents were pre-
pared. Two WKAH/hkm rats and four Slc:ICR mice (SLC,
Hamamatsu, Japan) were inoculated intraperitoneally with
10* FFU of THAIV strain thai749 per animal, and serum
was collected after 5 weeks. All of the animals were treated
in accordance with the laboratory animal control guidelines
of our institute, which conform to those of the U. S.

(square), and a THAIV-infected patient (sriangle) for each antigen.
A total of 23 serum samples were used to assess our serotyping
ELISA system: 11 anti-HTNV samples obtained from China, 10 anti-
SEOV samples obtained from Japan to Korea, associated with rat-
borne outbreaks in laboratories, and two anti-THAIV samples were
the same sera shown in panel A. The serotypes were determined by
FRNT [7, 9, 17]. ELISA ODs were compared as follows: 1, HTNV-
NP versus SEOV-rNP; 2, HTNV-INP versus THAIV-rNP; 3, SEOV-
NP versus THAIV-rNP; 4, HINV-rNP50 versus SEOV-rNP50;
5, HTNV-INP50 versus THAIV-INP50; 6, SEOV-INP30 versus
THAIV-rNP50. The lines show linear regressions for each group of
sera: solid lines, sera from HTNV-infected patients; dashed lines, sera
from SEOV-infected patients; broken lines, sera from a THAIV-
infected patient

National Institutes of Health. All animal experiments were
carried out in a BSL3 facility. Three serum samples from
greater bandicoot rats from Thailand were obtained. Two of
them were confirmed to be positive for anti-hantavirus
antibody by IFA, ELISA, and FRNT in a previous study [7].
The third serum sample was used as a negative control. For
the rat and greater bandicoot rat serum samples, bound
antibodies were detected with peroxidase-conjugated
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A Serotyping ELISA of rodent sera
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Fig. 2 Reactivities of rodent sera to truncated N antigens of HTNV,
SEOV, and THAIV and comparison of the amino acid sequences of
the variable region in NP. a Hantavirus-infected rat and mouse sera
were subjected to serotyping ELISA. Sera from laboratory rats
immunized with SEOV strain SR-11 or Gou3 were prepared
previously [14], and serum from rats immunized with THAIV and
non-immunized rat serum (NRS) were used for serotyping ELISA
(upper left). Wild greater bandicoot rats A2-172 and A2-165 were
both reported previously to have anti-THAIV antibody [7], and B2-
079 serum was used as a negative control (upper right). The lower
panel shows immune mouse sera to THAIV strain thai749, HTNV

mouse anti-rat IgG (H + L) (Zymed, South San Francisco,
CA, USA) and an o-phenylenediammonium dichloride
(OPD) substrate tablet (Sigma, St. Louis. MO, USA). We
also established an ELISA system for mouse sera. A 96-
well plate was coated directly with recombinant and trun-
cated NPs and negative control antigen, without capture
antibody. The bound antibodies were detected with perox-
idase-conjugated goat anti-mouse IgG (Zymed) and OPD

@ Springer

strain 76118 [14], DBSV strain NC167 [14], and SEOV strain SR-11
[14]. b Comparison of the amino acid sequences of the variable region
of the NPs. The regions from aa 230-302 of representative Murinae-
associated hantaviruses are shown for HTNV strain 76118 (M14626),
AMRYV strain AP61 (AB071183), DBSV strain NC167 (AB027523),
DOBYV strain Af19 derived from Apodemus flavicollis (AJ410615),
Saaremaa virus SAAYV strain 160 V derived from Apodemus agrarius
(AJO09773), SEOV strains SR11 (M34881) and Gou3 (AB027522),
THAIV strain thai749 (AB186420), and Cambodian hantavirus strain
from R. rattus (AJ427511)

substrate tablets (Sigma). The amounts of the antigens were
adjusted based on the ELISA OD value against pooled non-
immunized mouse sera.

As shown in Fig. 2a, immune rodent sera against
THAIV showed a typical THAIV infection reactivity pat-
tern, while anti-SEOV immune sera against strains SR-11
(derived from Rattus norvegicus) and Gou3 [14] (derived
from R. rattus) showed a typical SEOV infection reactivity
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pattern. Similarly, immune sera to Da Bie Shan virus
(DBSV) strain NC167 also showed a typical HTNV
infection reactivity pattern. Figure 2b shows a comparison
of the aa sequence in the type-specific region of the NP,
which is thought to contain type-specific epitopes (aa 230-
302). In fact, two PUUV-specific MAbs (3HS9 and 5F4)
were reported to bind to this region [18, 19]. From the
sequence comparison, we identified four subgroups among
Murinae-associated hantaviruses: HTNV, SEOV, DOBYV,
and THAIV. The HTNV subgroup includes DBSV and
Amur virus (AMRYV), which was recognized in far eastern
Russia as a pathogenic hantavirus [20], and its animal
reservoir is Apodemus peninsulae [21]. AMRV and other
A. peninsulae-borne hantavirus from Korea (Soochong
virus [22]) and China (lineage #2 [14]) were identified as
distinct lineage from classical A. agrarius-borne HTNV.
Previously, we identified AMRV patient sera using HTNV
serotyping antigen [23]. Similarly, strains Gou3 and SR11
were found within the SEOV subgroup. In this study, both
human and rodent antisera to THAIV showed THAIV-
specific reactions in serotyping ELISA. In contrast, the
Cambodian strain from black rats (R. rattus) [24] had an aa
sequence similar to that of THAIV in this type-specific
region. These observations indicated that THAIV and its
relatives occur in both the greater bandicoot rat and black
rat in South East Asia. Therefore, the serotyping antigen
for THAIV developed in this study is useful for detecting
THAIV and relative viruses from Cambodia and differen-
tiating them from other hantaviruses.

Recently, there have been gradual increases in the
number of case reports of hantavirus infection in Asian
countries, including Thailand [7], Indonesia [25], Vietnam
[26], and India [27, 28]. In terms of public health, it is
important to develop rapid, convenient methods for epi-
demiological surveillance and studies. Qur system will
become a valuable tool for surveying human and rodent
cases of THAIV infection. However, the reliability of the
system is uncertain because we tested only two serum
samples from one patient. More serum samples from
THAIV patients are needed to assess the applicability of
our serotyping ELISA system.
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Abstract

Puumala virus (PUUV), a causative agent of hemorrhagic fever with renal syndrome (HFRS), is
prevalent in Europe and European Russia. No vaccine has been developed for PUUV-
associated HFRS, primarily because of the low viral yield in cultured cells. A PUUV strain
known as DTK/Ufa-97 was isolated in Russia and adapted for growth in Vero E6 cells main-
tained in serum-free medium. The DTK/Ufa-97 strain produced a higher viral titer in serum-
free medium, suggesting that it may prove useful in the development of an HFRS vaccine. When
PUUV-infected Vero E6 cells were grown in serum-free medium, the DTK/Ufa-97 strain yielded
more copies of intracellular viral RNA and a higher viral titer in the culture fluid than did the
Sotkamo strain. Phylogenetic analysis revealed that PUUVs can be classified into multiple
lineages according to geographical origin, and that the DTK/Ufa-97 strain is a member of the
Bashkiria-Saratov lineage. The deduced amino acid sequences of the small, medium, and large
segments of the DTK/Ufa-97 strain were 99.2% to 100%, 99.3% to 99.8%, and 99.8% identical, re-
spectively, to those of the Bashkirian PUUYV strains and 96.9%, 92.6%, and 97.4% identical, re-
spectively, to those of the Sotkamo strain, indicating that the PUUVs are genetically diverse.
However, DTK/Ufa-97 and other strains of PUUV exhibited similar patterns of binding to a
panel of monoclonal antibodies against Hantaan virus. In addition, diluted antisera (i.e., rang-
ing from 1:160 to 1:640) specific to three strains of PUUV neutralized both homologous and het-
erologous viruses. These results suggest that the DTK/Ufa-97 strain is capable of extensive
growth and is antigenically similar to genetically distant strains of PUUV.

Key words: hantavirus, hemorrhagic fever with renal syndrome, Puumala virus, vaccine
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Introduction

Hantaviruses belong to the genus Hantavirus,
within the family Bunyaviridae. These viruses
cause two zoonoses: hemorrhagic fever with renal
syndrome (HFRS) and hantavirus pulmonary syn-
drome (HPS). Hemorrhagic fever with renal syn-
drome is caused by Hantaan virus (HTNV), Seoul
virus (SEOV), Puumala virus (PUUV), Dobrava-
Belgrade virus (DOBV), and Amur virus (AMRYV),
and occurs primarily in Asia and Europe. HPS oc-
curs in the Americas and is caused by Sin Nombre
virus (SNV), Andes virus (ANDV) and other hanta-

122 Hantaviruses are  transmitted via

viruses
aerosolized excretions of rodents in the family
Muridae. Their viral genomes contain large (L),
medium (M), and small (S) segments of negative-
stranded RNA, which encode a viral RNA-

dependent RNA polymerase, a glycoprotein precur-

sor, and a nucleocapsid protein (NP), respectively™.

Five viruses are known to cause human HFRS
in Russia. Specifically, PUUV and DOBV cause
HFRS in European Russia®, while HTNV, SEQV,
and AMRV cause HFRS in Far Eastern Rus-
sia®##*  Sporadic cases of PUUV-and DOBV-
induced HFRS were recently detected in the west-
ern Siberian regions of Russia®. The principal
hosts for HTNV, AMRYV, SEOV, and PUUV are
Apodemus agrarius, Apodemus peninsulae, Rattus
norvegicus, and Myodes glareolus, respectively. De-
tailed phylogenetic analyses of strains from
Europe have shown that DOBV strains derived
from Apodemus flavicollis form a separate evolu-
tionary lineage (i.e., DOBV-Af), while strains de-
rived from A. agrarius are more diverse. Strains
from central Europe and central European Russia
form the DOBV-Aa lineage, and are distinct from
the Saaremaa strains of northeastern Europe™”.
In the Sochi district of southern Russia, a previ-
ously unknown DOBV variant (i.e., DOBV-Ap) was
identified in Apodemus ponticus, a novel hantavi-
rus host, and determined to cause HFRS™®, Al-
though the DOBYV strains from Apodemus hosts in
European Russia and Europe share high amino
acid sequence similarity, phylogenetic analyses in

humans and an animal model reveal that they
form separate lineages with distinct virulence
traits'®. A novel DOBV-Ap lineage associated with
A, ponticus emerged in an area south of European
Russia, confirming the reputation of DOBV as the
most virulent of the European hantaviruses'™.
Approximately 200,000 cases of HFRS are re-
ported worldwide each year®, including 150,000
cases in China®"®, 600 to 1,000 cases in Korea®,
1,000 cases in Finland, and 200 cases in Swe-
den”™®. In Russia, HFRS has the highest inci-
dence and morbidity of all human zoonotic virus
infections. Approximately 6,000 to 8,000 clinical
cases of HFRS are reported in European Russia.
every year. Of these, most are caused by PUUV
and a smaller fraction are caused by DOBV. As the
strains of HFRS in European Russia are caused by
several distinct hantaviruses and vary in severity,
it is inappropriate to refer to the disease as ‘neph-
Consequently, the WHO
Working Group proposed the term hemorrhagic fe-

ropathia epidemica’.

ver with renal syndrome’ to describe similar clini-
cal syndromes in Russia, Europe and Asia®,

HFRS can be prevented by reducing exposure
to live rodents and their excreta. However, rodent
control measures are expensive and difficult to
maintain over long periods, as it would be impossi-
ble to completely eradicate the viral hosts. Hence,
immunization would be the most effective way to
decrease HFRS morbidity in endemic regions of
Russia.

Several commercial hantavirus vaccines are
produced in China and Korea*”. These vaccines
are effective against HTNV and SEOV infections,
but do not provide immunity to antigenically dis-
tinct PUUVs. No vaccine has been developed
against PUUYV, primarily because of the low viral
yield in cultured cells. A potential vaccine strain
(i.e., DTK/Ufa-97) was isolated from a patient with
HFRS during a large 1997 outbreak in the Bash-
kiria region of Russia®. High titers of the virus
were prepared in Vero E6 cells grown in serum-
free medium (SFM). Here, we perform genetic and
antigenic characterizations of the DTK/Ufa-97

strain.
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Materials and Methods

Cell lines and culture media: Vero E6 cells were
purchased from American Type Culture Collection
(Manassas, VA, USA) and cultivated in Eagle’s
minimum essential medium (MEM; Invitrogen,
Carlsbad, CA, USA) supplemented with 2 mM L-
glutamine (Sigma, St. Louis, MO, USA), 10% fetal
bovine serum (FBS), 100 IU/ml penicillin, and 100
ug/ml  streptomycin  (penicillin-streptomycin )
(Cambrex, East Rutherford, NJ, USA). Vero E6
cells were adapted to SFM via growth in virus pro-
duction (VP)-SFM (Invitrogen) containing 2 mM L-
glutamine for 2 months.

Viral strains: The potential vaccine strain (i.e.,
DTK/Ufa-97) was isolated in 1997 from a deceased
HFRS patient in Bashkiria, Russia and  was
adapted to Vero E6 cells grown in SFM. Two other
PUUYV strains were used, including a prototype
Sotkamo strain that originated from M. glareolus
in Finland® and a Kazan strain that originated
from M. glareolus in Kazan, Russia®?. Strains 76-
118™, SR-11%, and H5"™ were used as representa-
tive HTNV, SEOV, and AMRYV strains, respectively.
All virus strains were propagated in Verc E6 cells
prior to use.

Plaque assay: Freshly trypsinized Vero E6 cells
(i.e.,, 1X10° cells/well) were seeded into the flat-
bottom wells of six-well Multiwell Cell Culture
Plates (BD Biosciences, San Jose, CA, USA). The
medium was aspirated from the cultures and 0.2
ml aliquots of serial 10-fold viral dilutions were in-
oculated into the wells. The viruses were allowed
to adsorb for 1 hr at 37°C, whereupon 10 ml of an
overlay mixture [i.e., Eagle’s MEM “Nissui 1” (Nis-
sui Pharmaceutical Co., Ltd., Ueno, Tokyo, Japan)
supplemented with 2 mM L-glutamine (Sigma),
10% FBS, and 1.5% SeaKem GTG Agarose (Cam-
brex)] was added to each well. After one week, 2
ml of a 0.025% solution of Neutral Red (Wako,
Osaka, Japan) in overlay medium was added to
each well. The wells were examined for plaques 7
days after staining.

Sampling for analysis of PUUV replication: Vero
E6 cells grown in MEM and Vero E6 cells adapted
to SFM were used to assess PUUV replication.
The cells were infected with DTK/Ufa-97 or Sot-
kamo and cultured for 21 days. Culture fluids and
infected cells were collected at 2, 6, 12, and 21
hours post-infection and at 3, 7, 10, 14, 17, and 21
days post-infection (dpi). The culture medium was
changed every 7 days. The collected fluids were
centrifuged at 1,200 rpm for 5 min, and the super-
natants were stored at -80°C as viral stocks. In-
fected cells were collected in MEM or SFM using a
cell scraper. The cells were then suspended and
centrifuged at 1,200 rpm for 5 min. The resulting
cell pellets were stored at -80°C until further use.

Indirect immunofluorescence assay: Monoclonal
antibodies (MAbs) specific to glycoproteins Gn and
Ge of strain HTNV 76-118" were obtained from
mouse ascitic fluid and wused in indirect im-
munofluorescence assay (IFA) for the antigenic
characterization of DTK/Ufa-97.
infected Vero E6 cells were spotted onto 24 well
slides. The slides were incubated for 4 hr at 37C,
fixed in cold acetone for 20 min, washed in
phosphate-buffered saline (PBS) and distilled
water, air dried, and stored at -40°C until further
use. Diluted MAbs (i.e., 1:10 to 1:1,000,000) de-
rived from the hybridoma or ascitic fluids were

Hantavirus-

spotted onto the slides, which were then incubated
for 1 hr at 37°C and washed three times with PBS,
The slides were then incubated in Alexa Fluor 488-
conjugated goat anti-mouse IgG (i.e., final dilution
=1:1,000; Invitrogen) for 1 hr at 37°C. The slides
were washed and 90% glycerol was applied. The
IFA titer of each MAb was expressed as the recip-
rocal of the maximum antibody dilution that
yielded granular and scattered fluorescence in the
cytoplasm.

Focus assay and titration of viruses: Approxi-
mately 2X10° Vero E6 cells/fml MEM (.e., 0.5 ml/
well) were seeded into eight chamber slides (Iwaki,
Nihonbashi, Tokyo, Japan), maintained in a COz2
incubator overnight, and infected with serially di-
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luted stocks of Sotkamo or DTK/Ufa-97 strains. Af-
ter adsorption for 1 hr in a COz2 incubator, the vi-
rus inoculum was removed and MEM containing
1.5% carboxymethyl cellulose sodium salts (Wako)
was layered onto the cells at a concentration of 0.6
ml/well. The cells were then cultured in a COg in-
cubator for 14 days at 37C.

The resulting viral foci were visualized by IFA.

Briefly, the cultured Vero E6 cells were washed
three times with PBS, fixed with 0.2 ml/well of
methanol for 20 min under UV light in a safety
cabinet in a BSL3 laboratory. After removing
methanol, the slides were thoroughly air-dried,
and washed with PBS. The slides were then incu-
bated in anti-PUUV hamster serum @.e., final di-
lution=1:1,000) for 1 hr at 37°C, washed, and incu-
bated with Alexa Fluor 488-conjugated goat anti-
hamster IgG (i.e., final dilution=1:1,000; Invitro-
gen) for 1 hr. After washing, 90% glycerol was ap-
plied to the slides, and the viral foci were counted
and measured under a fluorescence microscope.
The focus diameters were expressed in pm, and the
viral titers were expressed as focus-forming units/
ml (i.e., ffu/ml).

Focus reduction neutralization test: The endpoint
titers of the neutralizing antibodies were deter-
mined using focus reduction neutralization test
(FRNT). Hamster immune sera specific to PUUV
strains DTK/Ufa-97, Kazan, and Sotkamo; and
mouse immune sera specific to HTNV strain 76-
118, AMRYV strain H5, and SEOV strain SR-11
were used to compare the antigenicity of DTK/Ufa-
97 to that of other PUUV and hantavirus strains.
Serial 2-fold dilutions of immune sera (30 pl) were
mixed with equal volumes of viral stock (i.e., 60 ffu
/30 pl) and incubated for 1 hr at 37°C. The mixture
was then used to inoculate Vero E6 cell monolayers
grown in 96-well flat-bottom plates at a concentra-
tion of 50 pl/well (Nunc TM, Roskilde, Denmark).
After adsorption for 1 hr at 37°C, the inocula were
removed and MEM
boxymethyl cellulose sodium salts was layered
onto the cells (i.e., 200 pl/well). The cells were cul-
tured in a CO2 incubator for 7 days at 37T,

containing 1.5% car-

washed with PBS, fixed with methanol, and air-
dried.

The fixed cells were incubated with MADb
E5/G6 (i.e., final dilution=1:200)* for 1 hr at 37C.
After three washes with PBS, the cells were incu-
bated with Alexa Fluor 488-conjugated goat anti-
mouse IgG (i.e., final dilution=1:1,000) for 1 hr at
37°C. The stained foci were counted under a fluo-
rescence microscope, and the FRNT titer was de-
fined as the highest dilution of serum associated
with at least an 80% reduction in focus formation.

RNA isolation and reverse transcription: Total
RNA was isolated from DTK/Ufa-97-infected Vero
E6 cells using Isogen (Nippon Gene), according to
the manufacturer’s protocol. In preparation for
first-strand ¢cDNA synthesis, 11 ul of the extracted
RNA (.e., 5 pg) was mixed with 1 pl of random
primers (i.e., 3 pg/ul, Invitrogen) and 1 pl of 10 mM
dNTPs (TaKaRa, Otsu, Japan). The mixture was
heated at 70°C for 10 min, cooled to 25C over the
span of 10 min, and chilled on ice for 3 min. Re-
verse transcription was performed via the addition
of 4 ul of 5X first-strand buffer (Invitrogen), 2 pl of
0.1 mM DTT, and 1 pl of SuperScript II (200 U/ul,
Invitrogen). The cDNA synthesis reaction was al-
lowed to proceed for 50 min at 42°C, and was
stopped by heating at 70°C for 15 min.

Real-time polymerase chain reaction: Before cDNA
synthesis for real-time polymerase chain reaction
(PCR), RNA was treated with DNase. Briefly, 15
itg RNA was mixed with 5 ul of 10X DNase buffer
(TaKaRa), 2 pl of RNase-free DNase I (5 U/ul;
TaKaRa), 0.5 ul of RNase Out ribonuclease inhibi-
tor (40 U/ul; Invitrogen), and double-distilled
water (DDW) to a final volume of 50 pl. The tubes
were incubated for 80 minutes at 37C, precipi-
tated with lithium chloride (Ambion, Austin, TX,
USA), and dissolved in 30 pl of DDW. The DNase-
treated RNA was used for ¢cDNA synthesis as de-
scribed above.

Real-time PCR was then performed on the
DNase-treated samples.  Primers and minor
groove binder (MGB) probes specific to the PUUV
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S segment were designed using Primer Express
software (ver. 2.0; Applied Biosystems, Foster City,
CA, US.A), and probes were labeled with 5 re-
porter dye, 6-Carboxyfluorescein (FAM) and a 3’-
MGB/mon-fluorescent quencher. After optimiza-
tion of the primer and probe concentrations, sam-
ples were assayed in quadruplicate 25 pl reactions.
Each reaction contained 2.25 pl of cDNA, 12.5 pl of
2X TagMan Universal PCR Master Mix (Applied
Biosystems), 0.225 pl each of 100 uM forward and
reverse primers (i.e., Sotkamo62Fw: 5’ -TCCAAGA
GGATATAACCCGCCAT-3’ and Sotkamo257Rv: 5™-
TTCCTGGACACAGCATCTGC-3’, respectively),
0.46 pl of 10.9 uM fluorescent probe (i.e., Sotkamo
194: 5-TGTCAGCACTGGAGGA-3’), and 9.34 pl of
DDW. Samples were incubated at 50C for 2 min
and 95°C for 10 min, followed by 60 thermal cycles
of 95C for 15 sec and 60°C for 1 min. Real-time
data were collected using the 7000 Sequence De-
tection System (Applied Biosystems).

Real-time PCR data were normalized to ro-
dent GAPDH expression. The same amount of
cDNA (i.e. 2.25 pl) was mixed with 12.5 pl of 2X
TaqMan Universal PCR Master Mix, 0.25 ul each
of 10 pM rodent GAPDH forward and reverse
primers, and 0.25 pl of 20 pM rodent GAPDH
probe (VIC-labeled). All primers and probes were
purchased from Applied Biosystems.

Nucleotide sequencing analysis: The cDNA derived
from the total RNA of DTK/Ufa-97-infected Vero
E6 cells was amplified using Platinum® Taq DNA
polymerase high fidelity (Invitrogen), according to
the manufacturer’s instructions. The reaction mix-
ture also contained 2 pmol of primers specific to
the S, M, and L segments of the DTK/Ufa-97 strain,
in a final volume of 25 ul. After an initial denatu-
ration step (i.e., 94°C for 2 min), the cDNA was am-
plified via 35 thermal cycles of 94°C for 30 sec,
55C for 30 sec, and 68°C for 4 min.

The 3- and 5-ends of the S, M, and L seg-
ments were amplified using RNA isolated from the
infected-cell culture medium and the 5 RACE Sys-
tem for Rapid Amplification of ¢cDNA Ends (ver.
2.0; Invitrogen). In preparation for 5-end amplifi-

cation, randomly primed synthetic ¢cDNA was
dCTP-tailed using a terminal deoxynucleotidyl
transferase. The tailed cDNA was amplified using
a 5 RACE abridged anchor primer (AAP, Invitro-
gen) and PUUV-specific primers. In preparation
for 3’-end amplification, the isolated RNA was CTP
-tailed using poly(A) polymerase (Ambion), and the
tailed RNA was reverse-transcribed using AAP
and SuperSeript™ II (Invitrogen). The cDNA was
amplified using PUUV-specific primers and an
abridged universal amplification primer (Invitro-
gen).

The amplified products were electrophoresed
in agarose gels, stained with ethidium bromide,
and visualized under UV light. The DNA frag-
ments were excised from the gel and purified using
the Wizard SV Gel and PCR Clean-up System
(Promega, Madison, WI, USA), according to the
Purified DNA frag-
ments were directly sequenced at least two times

manufacturer’s instructions.

in the forward and reverse directions using the
ABI-PRISM Dye Terminator Sequencing Kit and
the ABI 3130 Genetic Analyzer (both from Applied
Biosystems).

Phylogenetic analysis: Hantavirus nucleotide (nt)
and deduced amino acid sequences were compared
using Genetyx software (ver. 8). The ClustalX pro-
gram package (ver. 2.0) was used to generate a
phylogenetic tree using the neighbor-joining
method with 1,000 bootstrap replicates.

Statistical analysis: The viral RNA copies in in-
fected Vero E6 cells and virus titers in cultured
media were compared by Student’s t-test. P values
of 0.05 or less were considered statistically signifi-
cant.

Resulis

Plaque and focus formation by PUUV strain DTK/
Ufa-97

To examine the plaque-and focus-forming
abilities of DTK/Ufa-97, Vero E6 monolayers were
inoculated with virus and the resulting plaques
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and foci were enumerated. Vero E6 cells infected
with DTK/Ufa-97 exhibited small plaques (average
diameter=1 mm to 2 mm) at 14 days post-infection,
whereas cells infected with the PUUV Sotkamo
strain did not form plaques (data not shown). In
addition, the DTK/Ufa-97 foci (average diameter
+ 8.D., 196 pm =46 um) were more than twice as
large as the Sotkamo foci (average diameter =+
S.D., 80 pum=*6 pm) (data not shown).

Viral RNA copy number and virus titer

The DTK/Ufa-97-infected Vero E6 cells and
the corresponding culture media were collected at
various intervals after infection, and the viral
RNA copy number and viral titer were determined.
Viral RNA expression remained unchanged in
Vero E6 cells grown in MEM, with approximately 1
X 10° to 7X10° copies of viral RNA transcribed

during the 24 hr following infection. The copy
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number increased to approximately 5X10* copies
at 3 dpi and remained at that level until 21 dpi
(Fig. 1). In comparison, Sotkamo RNA replication
occurred more slowly, reaching a plateau level at 7
dpi. When SFM was used instead of MEM, the
DTK/Ufa-97 RNA copy number increased to 2.4 X
10° by 14 dpi and remained at that level until 21
dpi. However, fewer than 4 X 10° copies of Sotkamo
RNA were present at 21 dpi.

When Vero E6 cells were grown in MEM, the
DTK/Ufa-97 viral titer reached a peak of 2.8 X10°
ffu/ml at 7 dpi, then decreased to 1.4 X 10* ffu/m] at
10 dpi and remained unchanged until 21 dpi (Fig.
2). In contrast, the Sotkamo titer reached a peak
of 2.1X10* ffu/ml at 7 dpi, then declined to 6.0 X
10° ffu/m] at 10 dpi and remained unchanged until
21 dpi. When Vero E6 cells were grown in SFM,
the DTK/Ufa-97 titer reached peaks of 4.5X10"
8.3X10% and 9.3X10* ffu/ml at 7, 14, and 21 dpi,

l l MEM

7 1 14 17 21

l l SFM

7 1 14 17 21

Days post infection

Fig. 1. Copy numbers of PUUV RNA in infected Vero E6 cells.

Cells were infected with PUUYV strains Sotkamo and Ufa-97 at a multiplicity of infection (MOI) of 0.02, and were
then maintained in MEM containing 10% FBS (MEM) or in SFM. Viral RNA copy numbers were determined via
quadruplicate real-time PCR experiments. The number of viral RNA copies in infected cells is expressed as log10
of the RNA copy number. The standard deviation for each virus is shown at the top of the column corresponding
to RNA copy number. Arrows indicate times when the medium was changed. Asterisks indicate significant differ-
ences, as determined using Student’s t-tests (defined by P < 0.05).
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respectively, whereas the Sotkamo titer remained
less than 3.1X10° ffu/ml throughout the observa-
tion period.

Sequencing of the complete DTK/ Ufa-97 genome
The full-length S, M, and L segments of the
DTK/Ufa-97 genome were sequenced, and the re-
sulting data were deposited into the DNA Data
Bank of Japan under accession numbers AB
297665, AB297666, and AB297667, respectively. To
our knowledge, this is the first complete genomic
sequence of a human PUUV isolate from Russia.
The S, M, and L segments of the DTK/Ufa-97
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Fig. 2. Growth of PUUV strains.

Vero E6 cells were infected with Sotkamo or DTK/
Ufa-97 at an MOI of 0.02 and maintained in either
MEM or SFM. Supernatants were collected at the
indicated times. The viral titer in the supernatant
fraction was expressed as logs [ffu/ml], and titers for
each virus were determined in IFA triplicates. The
standard deviation for each virus is shown at the
top of the viral titer column. Arrows indicate the
time points at which the medium was changed. As-
terisks indicate significant differences, as deter-
mined using Student’s t-tests (defined by P < 0.05).

strain were 1,829, 3,682, and 6,550 nts in length,
respectively (data not shown). These sequences
differ from those of the Sotkamo genome only in
the length of the S segment, which was 1 nt longer
in Sotkamo strain (data not shown).

Amino acid and nucleotide sequence comparisons

The nucleotide sequence of the DTK/Ufa-97 S
segment was 99.9%, 100%, 99.5%, 99.5%, 93.9%,
93.9%, and 85.3% identical to the sequences of
PUUV strains CG1820, P360, K27, CG17, Fs808,
Kazan, and Sotkamo, respectively. Nucleotide se-
quence identity was greater than 93% among the
Russian PUUVs; however, the Russian and Finn-
ish PUUV Sotkamo strains were approximately
84% identical (Table 1). The predicted amino acid
sequences of all of the PUUVs, including the Sot-
kamo strain, were more than 96% identical (Table
1).

The nucleotide sequence of the DTK/Ufa-97 M
segment was 99.6%, 99.8%, 99.8%, 99.4%, 85.8%,
82.8%, and 80.3% identical to those of PUUV
strains CG1820, P360, K27, CG17, Kazan, Sot-
kamo, and Umea/hu, respectively (Table 2). The M
segments of the Bashkirian viruses, including
DTK/Ufa-97, were more than 99% identical at the
nucleotide level, whereas the M segments of the
Bashkirian and Northern European strains were
approximately 80.3% to 83.2% identical. The Rus-
sian PUUV M segments were more than 94.5%
identical at the amino acid level, whereas the en-
tire group of PUUV M segments were more than
88% identical (Table 2).

The PUUV L segments were more than 81%
identical at the nucleotide level, while the amino
acid sequences of the L segment were at least 93%
identical among all PUUVs (Table 3).

Phylogenetic analyses

We examined the evolutionary relationship
between DTK/Ufa-97 and other hantaviruses by
performing phylogenetic analyses of the S, M, and
L genome segments using the neighbor-joining
method. The DTK/Ufa-97 strain was determined
to be a member of the PUUV group, and all three
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segments of the DTK/Ufa-97 strain were deter- and Samara PUUVs from the Volga river region)

mined to be members of the Russia/Bashkiria- occupied a single cluster. The Russian/Omsk
~Saratov lineage (Figs. 3A and 3B). The PUUV PUUVs clustered with the Sotkamo strain (Fig.
branching patterns were consistent with geo- 3A).

graphical origin, and PUUVs from European Rus-
sia (i.e., including the Bashkiria-Saratov, Tataria,

Table 1. Nucleotide and amino acid identities of the hantavirus S segment®.

ucleotide identities (%)

Puumala virus (PUUV) HTNV® SNV

Ufa-97* CG1820 P360° Ka7° CG17 Fs808° Kazan Sot? 76-118 NM-H10

Ufa-97 — 99.9 100 99.5 99.5 93.9 93.9 85.3 62.2 67.8
CG1820 99.7 — 99.9 994 944 93.8 93.8 85.2 62.1 67.8
P360 100 99.7 — 99.5 99.5 93.9 93.9 85.2 62.2 67.7
K27 99.2 98.9 99.2 — 99.1 93.5 93.5 85.0 62.0 67.3

& CG17 100 99.7 100 99.2 — 94.2 944 85.5 62.7 67.5
E Fs808 99.4 99.2 99.4 98.6 994 — 94.8 84.6 62.6 67.8
Kazan 98.9 98.6 98.9 98.0 98.9 98.9 — 84.5 62.5 68.1
Sotkamo  96.9 96.6 96.9 96.3 96.9 96.9 96.8 — 63.3 66.7
HTNV 59.3 59.0 59.3 584 59.3 59.6 59.8 59.6 — 61.3
SNV 69.7 69.9 69.7 69.1 69.7 69.9 69.9 69.1 61.4 —

Amino acid identities (%)

* Nucleotide region to be compared : nt 172-1,239
¥ Hantaan virus

¢ Sin Nombre virus

¢ DTK/Ufa-97 strain

® PUUV originated from HFRS patients

" Sotkamo strain

Table 2. Nucleotide and amino acid identities of the hantavirus M segment®.
Nucleotide identities (%)

Puumala virus (PUUV) HTNV® SNV
Ufa-97* CG1820 P360° K27 CG17 Kazan Sot? Umea® 76-118 NM-H10

Ufa-97 - 99.6 99.8 99.8 99.4 85.8 82.8 80.3 60.0 66.7
CG1820 99.3 — 99.5 99.5 99.1 85.7 82.8 80.3 60.1 66.7
P360 99.8 92.3 — 99.9 99.3 86.0 83.1 80.5 60.2 66.9
K27 99.7 99.1 99.7 - 99.4 86.3 83.2 80.8 60.5 67.3
CG17 99.6 99.0 99.6 99.6 — 86.0 83.1 80.5 60.1 66.6
Kazan 95.0 94.5 95.1 96.8 95.2 — 84.7 80.6 59.5 66.0
Sotkamo 92.6 92.2 92.7 94.2 92.7 93.2 — 80.7 59.0 66.7
Umea 88.9 88.4 88.9 91.1 89.1 89.4 89.3 — 59.8 65.9
HTNV 53.4 51.9 52.2 54.0 53.3 54.5 53.6 51.8 — 58.9
SNV 65.5 64.5 64.8 67.2 64.8 64.0 64.7 64.0 54 —

Amino acid identities (%)

“ Nucleotide region to be compared: nt 53-3,494
» Hantaan virus

® Sin Nombre virus

¢ DTK/Ufa-97 strain

¢ PUUV originated from HFRS patients
 Sotkamo strain
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Table 3. Nucleotide and amino acid identities of the hantavirus L segment®,
Nucleotide identities (%)
Puumala virus (PUUV) HTNV? SEQV® SNV?
Ufa-97*" CG1820 Kazan Sot? Umea” 76-118 80-39 NM-H10
Ufa-97 - 99.8 87.1 84.5 81.3 67.0 67.1 71.0
o, |CG1820 99.8 — 87.1 84.6 81.4 67.0 67.2 71.0
E Kazan 99.1 98.9 —~ 85.0 81.9 67.1 66.9 71.7
Sotkamo 97.4 97.2 97.4 - 82.1 66.8 67.8 71.3
Umea 93.9 93.8 94.1 93.2 - 66.5 66.3 69.9
HTNV 68.8 68.8 68.8 68.6 67.2 - 74.3 66.7
SEOV 68.5 68.3 68.2 68.4 66.8 84.7 - 67.1
SNV 77.8 77.1 77.4 717.6 76.1 68.9 68.9 -
Amino acid identities (%)
? Nucleotide region to be compared: nt 52-6,524
¥ Hantaan virus
? Seoul virus
9 Sin Nombre virus
9 DTK/Ufa-97 strain
" PUUV originated from HFRS patients
# Sotkamo strain
Table 4. Antigenic characteristic of Ufa-97 and other hantavirus strains.
MAbs against IFA titer”
glycoprotein of Antigenic site Puumala Hantaan Amur Seoul
HTNV Ufa-97” Kazan  Sotkamo  76-118 H5 SR-11
8B6 Gn-a (1) - — - +++ +++ +
6D4 Gn-a (2) - - - — — -
10F11 Gn-a (2) + + - ++ +++ +
2D5 Gn-b - - — ++ ++ +
3D5 Gn-b - - - + + +
16D2 Gn-b - - - ++ ++ —
HCO2 Ge-a (1) - — - ++ o+ ot
16E6 Ge-a (2) - - - ++ +++ ++
EBO6 Ge-b + + + ++ +++ +
11E10 Ge-¢ +++ ++ ++ +4+4 +++ —
17G6 Ge-d + + + ++ +++ +
5B7 Ge-d ++ +++ ++ +++ 4+ o+
20D3 Ge—e + + - ++ ++t -
8E10 Ge-f(1) +++ +++ +++ ++ +++ ++
1G8 Ge-f(1) +++ +++ ++ +++ +++ ++
3B6 Ge-f(1) +++ +++ + +++ ++ ++
23G10-1 Ge-1(2) - - - ++ ++ ++
7G6 Ge-f(2) — - — ++ +++ ++
18F5 Ge-f(2) — — — ++ +++ +

® Antibody reactivity is defined as: —,<1:10; +,1:10; ++,1:100; +++,1:1,000; ++++,>1:1,000
Y DTR/Ufa-97 strain

—136—



160

Characterization of a Puumala virus isolate from Russia

T

T

1000 Dobrava B 1000 1 Dobrava
e aems Seoul 80-39
1009 18 Thailand 741 615 [ ks
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Andes 9717869

Fig. 3. Phylogenetic analysis of hantaviruses.

The nt sequences of the S, M, and L segments were obtained from the Genome Sequence Database. Multiple se-
quence alignment was performed using ClustalX software (ver. 2.0), and a phylogenetic tree was derived using
the neighbor-joining method. Bootstrap values resulting from 1,000 replications are listed above each branch. A)
Phylogenetic analysis of the 1068 nt S segment (i.e., approximately nucleotides 172 to 1239). The accession num-
bers for the S segment sequences are as follows: Thottapalayam, AY526097; Dobrava Belgrade, L41916; Saare-
maa, AJ616854; Thailand 741, AB186420; Seoul 80-39, AY273791; Hantaan, M14626; Amur H5,AB127996; Fu-
song Cr 247, EF442087; Tobetsu 60Cr 93, AB010731; Puu Fyn, AJ238791; Puu Balkan1,AJ314600; Puu Opina
916, AF294652; Puu Berkel, 1.36943; Puu CG13891, U22423; Puu Cg-Erft, AJ238779; Puu Umea/hu, AY526219;
Puu Vindeln/1.20Cg/83, Z48586; Puu Sotkamo, X61035; Puu CG215, AF367066; Puu CRF308, AF367070; Puu F-s
808, AF411446; Puu Kazan, Z84204; Puu CG17/Baskiria-2001, AF442613; Puu K27, 1.08804; Puu P360, 1.11347;
Puu DTK/Ufa-97, AB297665; Puu CG1820, M32750; Topografov, AJ011646; Tula Moravia/5302v/95, 769991,
Black Creek Canal, 1.39949; Bayou, 1.36929; Sin Nombre NM H10, L25784; Oran 22996, AF482715; and Andes
Chile-9717869, AF291702. B) Phylogenetic tree of the 3442 nt viral M segment (i.e., approximately nucleotides
53 to 3494). The M segment accession numbers are as follows: Thottapalayam VRC-66412, EU001329; Dobrava-
Belgrade DOBV/Ano-Poroia/Af19/1999, AJ410616; Seoul 80-39, S47716; Amur H5,AB127993; Hantaan 76-118,Y
00386; Topografov, AJ011647; Khabarovsk, AJ011648; Puu CG13891, U22418; Puu Cg-Erft, AJ238778; Puu Vin-
deln, Z49214; Puu Vranica, U14136; Puu Umea/hu, AY526218; Puu CRF308/0Omsk, AF442617; Puu Sotkamo, X
61034; Puu Kazan, Z84205; Puu CG17/Baskiria-2001, AF442614; Puu K27, L.08754; Puu P360, L08755; Puu DTK
/Ufa97, AB297666; Puu CG1820, M29979; Tula Moravia/5302v/95, Z69993; Andes Chile-9717869, AF291703;
Oran 0122996, AF028024; Black Creek Canal, L.39950; Bayou, 1.36930; New York NY-2,U36803; and Sin Nombre
NM H10, L.25783. Asterisks indicate viral strains of human origin.
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Table 5. Cross-focus reduction neutralization titers of immune sera specific Ufa-97 and other rep-

resentative hantaviruses.

Virus
Serum Puumala Hantaan Amur Seoul
Ufa-97" Kazan Sotkamo 76-118 Hb5 SR-11
Ufa-97 160° 160 160 40 40 20
Kazan 160 160 320 80 80 20
Sotkamo 160 160 640 80 20 20
Hantaan 40 20 20 160 20 40
Amur 40 40 20 80 160 20
Seoul 20 <10 20 20 20 40

» DTK/Ufa-97 strain

» Neutralizing antibody titers to the homologous viruses are shaded and bold. Titers are shown as the reciprocal
of the dilution that resulted in at least 80% reduction in focus, compared with the control (i.e., no antibody)

Antigenic characteristics of DTK/ Ufa-97

The antigenic profile of the DTK/Ufa-97 strain
was compared with that of other hantaviruses us-
ing IFA with a MAD panel. Six of the MAbs used
in this study were specific to the HTNV envelope
Gn glycoprotein, while 13 were specific to the Ge
glycoprotein (Table 4). All MAbs specific to HTNV
glycoproteins cross-reacted with AMRYV, yielding
In addition, some MAbs
specific to HTNV glycoproteins cross-reacted with

very similar patterns.

SEOV, yielding somewhat dissimilar patterns (Ta-
ble 4). Of the MAbs specific to antigenic sites of
the Gn-a, Gn-b, Gn-a, and Gn-f(2) envelope gly-
coproteins, only MAb 10F11 cross-reacted with any

of the PUUV strains. However, MAbs specific to

the antigenic sites of the Ge-b, Ge-¢, Ge-d, Ge-e, and
Ge-f(1) glycoproteins reacted with all hantaviruses
tested, including the PUUV strains (Table 4). In
general, the PUUV strains exhibited similar reac-
tion patterns to the latter group of MAbs (Table 4).

Cross-neutralization test

To further investigate the antigenic character-
istics of DTK/Ufa-97, hamsters were infected with
the DTK/Ufa-97, Kazan, and Sotkamo strains and
immune sera were collected. These sera were then
used to neutralize homologous or heterologous
PUUV strains. All sera proved effective at high
neutralizing titers (i.e., dilutions of 1:160 to 1:640)
(Table 5). The PUUV immune sera exhibited lower

neutralizing titers against HTNV, AMRYV, and
SEOV. However, immune sera specific to HTNV,
AMRYV, and SEQV exhibited high neutralizing an-
tibody titers to homologous viruses but lower titers
to heterologous viruses. These results indicate
that the antigenic properties of DTK/Ufa-97 are
similar to those of other PUUVs, with regards to
the induction of neutralizing antibodies.

Discussion

Hemorrhagic fever with renal syndrome has
the highest incidence and morbidity of all human
zoonotic viral infections in Russia. Approximately
97% of HFRS cases are caused by PUUV in the
European regions of Russia, whereas 3% of HFRS
cases are caused by HTNV, SEOV and AMRV in
the far-Eastern regions of the country®*”. An
HFRS vaccine is urgently needed, as morbidity
rates are high and approximately 12.5 million peo-
ple (i.e., 25% of the population) in European re-
gions are at risk for PUUV infection. Several han-
tavirus vaccines have been produced; however,
none are effective against PUUV-induced HFRS.
The difficulties in developing a PUUV vaccine
stem from the low viral yield in cell culture. High
titers of a potential vaccine strain, known as DTK/
Ufa-97, can be cultured in SFM-grown Vero E6
cells. Here, we demonstrate that the DTK/Ufa-97
strain yields more viral RNA in infected Vero E6
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cells and higher viral titers in the culture fluid of
infected cells, when compared with the Sotkamo
strain (Figs. 1 and 2). Our data clearly indicate
that the DTK/Ufa-97 strain replicates more effi-
ciently than the Sotkamo strain in SFM-cultured
Vero E6 cells, as well as in MEM supplemented
with FBS.

Minimum essential medium supplemented
with FBS has been empirically shown to provide
good conditions for cell growth and is commonly
used in the formulation of growth media. However,
FBS is a potential carrier of infectious agents such
as fungi, bacteria, viruses, and prions, which could
contaminate a final vaccine preparation”. There-
fore, SFM is a safer alternative, as it does not con-
tain components of animal or human origin. Sev-
eral cell lines, including BHK-21" and Vero cells'”,
have been successfully established in SFM.

A lot of PUUV sequences have been deposited
in the DNA database, however, few full-length
PUUV genome sequences are available, particu-
larly for human isolates. Therefore, we deter-
mined the full-length nucleotide sequence of the
DTK/Ufa-97 strain. To our knowledge, this is the
first characterization of a Russian PUUV isolate
from an HFRS patient. Our phylogenetic analysis
revealed that the DTK/Ufa-97 strain is closely re-
lated to PUUV strains from the same geographic
region (i.e., Bashkiria-Saratov) (Fig. 3). Our analy-
sis identified four Russian PUUV
Bashkiria-Saratov, Tataria, Samara, and Omsk
(Fig. 3A). The first three clusters appeared on the

clusters:

same branch, while the Omsk cluster was more
closely related to the Finland virus than to the
other Russian viruses. This result is consistent
with a previous report, in which the genetic identi-
ties of Russian and Finnish PUUV strains strongly
correlated with their geographic origins®*,

The identities of predicted amino acid se-
guences in the S, M, and L segments were approxi-
mately 96.3%, 92.2%, and 93.2%, respectively
among all PUUVs.

quences identities of the S, M, and L segments

However, the nucleotide se-

were much lower (i.e., approximately 84.5%, 80.3%,
and 81.3%, respectively) (Tables 1-3). Few studies

have examined the antigenic properties of PUUV;
thus, we also examined the antigenic characteris-
ties of DTK/Ufa-97 using MAbs. We compared the
antigenicity of three PUUV strains (i.e., DTK/Ufa-
97, Kazan, and Sotkamo), as well as other hantavi-
ruses. The reaction patterns exhibited by the
DTK/Ufa-97 strain were strikingly similar to those
of other Russian and Finnish PUUVs (Table 4), but
different than those of other hantaviruses, espe-
cially with regards to the Gn protein.

Envelope glycoproteins are presumed to play a
major role in the induction of protective immunity
and neutralizing antibodies™. Our cross-
neutralization test demonstrated that a neutraliz-
ing antibody specific to the DTK/Ufa-97 strain also
neutralized other PUUV strains at almost same
antibody titer. In addition, antibodies to other
PUUV strains cross-neutralized the DTK/Ufa-97
strain and homologous viruses (Table 5). Although
the various PUUVs exhibit geographic-dependent
genetic variation, they seem to share similar anti-
Therefore, the DTK/Ufa-97

strain may prove useful in inducing protective im-

genic properties.

munity against a variety of PUUV strains, and
may aid in the development of a DTK/Ufa-97-
based vaccine.

Our findings revealed that the PUUV strain
DTK/Ufa-97 grows well in Vero E6 cells cultured in
SFM, and that it is antigenically similar to other

- PUUVs. These data may aid in the development of

a PUUYV vaccine strain based on DTK/Ufa-97.
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