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Abstract

Using serological tools for bat- and shrew-borne hantaviruses, we investigated the seroprevalence of
these viruses in 336 human sera from Sri Lanka, consisting of 168 healthy individuals and 168 febrile
patients. Twelve and 31 sera were positive for Mix antigen-bat (recombinant N antigens of Brno,
Dakrong, Quezon, Robina, and Xuan Son viruses) and Mix antigen-shrew (recombinant N antigens of
Altai, Asama, Cao Bang, Nova, Seewis, and Thottapalayam viruses), respectively. 2 of 168 control sera and
39 of 168 febrile patient sera were positive for Mix antigen-bat or Mix antigen-shrew. Individual antigen
reactions were positive for Quezon, Robina, Altai, Asama, Cao Bang, Seewis, and Thottapalayam viruses.

These findings suggest that bat- and shrew-derived hantaviruses may infect humans in Sri Lanka.

Key Words: recombinant N, serology, Zoonosis

Hantaviruses belong to the family
Hantaviridae and are the causative agents of two
rodent-borne zoonotic diseases: hemorrhagic fever
with renal syndrome (HFRS) and hantavirus

518 Many species

pulmonary syndrome (HPS)
of rodents carry their specific hantaviruses,
so rodents and hantaviruses seem to have
coevolved®. However, hantaviruses have also
been found in shrews, moles, and bats®®. Thus,
the acquisition of hantavirus diversity remains
controversial®”.

From the aspect of public health, the

infectivity and pathogenicity of these novel

hantaviruses should be clarified. In Sri Lanka,
we examined serological screening of 375 human
sera for 4 shrew-borne hantaviruses, Asama
(Orthohantavirus asamaense, ASAV)", Altai
(ALTV)'?, Seewis (Orthohantavirus seewisense,
SWSV)'”, and Thottapalayam (Thottimvirus
thottapalayamense, TPMV)” by using recombinant
antigens. Although three seropositive human sera,
two to ALTV and one to TPMV, were found in the
Girandurukotte area of Sri Lanka, the relation
between seropositivity and diseases was not
found®.

Recently, numerous novel hantaviruses have
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Table 1. Indirect immunofluorescence antibody test
screening of sera from Sri Lanka by Mix antigen-bat
and -shrew

Intensity of Mix antigen-bat Mix antigen-shrew

IFAT* Febrile Control Febrile Control
+ 1 0 7 0
++ 5 2 9 0
+++ 4 0 15 0
Total 10%* 2 31** 0

*IFAT, indirect immunofluorescence antibody test

* Criteria of intensity was determined as previous”".

** Two specimens, 173F and 305F, were positive to both Mix antigen-
bat and -shrew.

been identified from various shrews, moles, and
bats species. We developed a serological detection
system to identify antibodies against bat-borne
hantaviruses, including Brno (Loanvirus brnaense,
BRNV)"* Dakrong (Mobatvirus dakrongense,
DKGV)Y, Quezon (Mobatvirus quezonense,
QZNV)?, Xuan Son (Mobatvirus xuansonense,
XNV)?, Robina (Mobatvirus robinaense, ROBV)*?,
shrew-borne hantaviruses, ASAV, ALTV, Cao
Bang (Orthohantavirus caobangense, CBNV)?,
Nova (Mobatvirus novaense, NVAV)'?, SWSV,
and TPMV. This study aimed to determine the
presence of antibodies against bat- and shrew-
borne hantavirus in human sera from Sri Lanka.
We attempted to elucidate the potential for human
infections by these novel hantaviruses in Sri
Lanka.

Following a previously reported protocol,
serum samples were screened for bat-borne and
shrew-borne hantavirus antigens using an indirect
immunofluorescent antibody test (IFAT)*". Fixed
Vero E6 cell antigen-expressing recombinant
N antigens for bat-borne hantaviruses, a Mix
antigen-bat (BRNV, DKGV, QZNV, ROBV, and
XSV), and a Mix antigen-shrew (comprising ASAV,
ALTV, CBNV, NVAV, SWSV, and TPMV) were
tested using an IFAT with Alexa488-conjugated
goat anti-human IgG (H + L) (A11013; Invitrogen,
Thermofisher Scientific) as the secondary
antibody. According to the previous procedure,
Mix antigen-bat and -shrew samples were used for
the initial screening antigen in IFAT at a serum
dilution of 1:200 with phosphate-buffered saline

(PBS). IFAT determined the binding specificity
with individual antigens, and positive reactions
were further validated by Western blott assay as
previously reported.*"*”

Serum samples of hospitalized acute febrile
patients (n = 168) from several hospitals collected
by the Department of Microbiology, University
of Peradeniya, until 2016 for the confirmatory
diagnosis of hantavirus infection were used for the
study. These patients experienced episodes of acute
febrile illness of unknown origin. Serum samples
collected from the community of Girandurukotte
region (n = 168) were also used in this study. These
control sera were the same as those of the previous
study, but the number of sera was reduced in this
current study because of availability.

Ethical approval for this study was obtained
from the Institutional Ethical Review Committee
(ERC), Faculty of Medicine, University of
Peradeniya, Sri Lanka (Project No. 2015EC/SP/15,
and Project No. 2016/EC/64 for the National
Science Foundation — Sri Lanka [NSF-Sri Lanka]
study) and written consents from all participants
were preserved in the University of Peradeniya,
Faculty of Medicine, Department of Microbiology.
The ERC of the Institute for Genetic Medicine,
Hokkaido University, Japan (21-001) was
approved to treat Sri Lankan human materials
based on G0313-5, Project No. 2015EC/SP/15,
Project No. 2016/EC/64, and 2021/EC/44.

As shown in Table 1, 12 sera were positive
for Mix antigen-bat, while 31 sera tested positive
for Mix antigen-shrew. In this study, +, ++, and
+++ represent the intensity of IFAT-positivity as
earlier reported®”. The number of seropositive sera
for shrew-borne antigens was significantly higher
than the number of positives to bat-borne antigens
(P <0.01 in Fisher’s exact test), performed using R
software (R Foundation for Statistical Computing,
Vienna, Austria®). Among them, two febrile
specimens showed positive for Mix antigen-bat
and -shrew. The seropositivity in febrile patients
(39/168) was higher (P < 0.01 in Fisher’s exact
test) than in the control group (2/168). Control
sera were collected from the Girandurukotte
community, but the area of residence of the febrile
cases was not identified. Therefore, the difference



Rakiiya Sikatarii Sarii et al.

53

Table 2. Indirect immunofluorescence antibody test results of individual antigens for sera positive in screening
by Mix antigen-bat

Serum ID IF{&T intfsnsity to IFAT intensity to individual antigen of No. Of.posiﬁve
Mix antigen-bat BRNV DKGV QZNV ROBV XSV antigens
40F +++ - - ++ - +++ 2
100F ++ - - - ++ - 1
164F ++ - - - - - 0
173F +++ - - ++ +++ —+ 3
227F ++ - - T+ _ R 1
305F ++ - - - 4t _ 1
416F +++ - - ++ ++ - 2
448F ++ - R R R Tt 1
569F + - R R R ) 0
AIN 71F +++ - - ++ - - 2
G/Con/01 ++ - - —+ _ ) 1
G/Con/09 ++ - - T+ _ B 1
Total 12 0 0 7 5 3 15

BRNV (Brno virus), DKGV (Dakrong virus), QZNV (Quezon virus), ROBV (Robina virus) XNV (Xuan Son virus).

IFAT, indirect immunofluorescence antibody test

Table 3. Indirect immunofluorescence antibody test results of individual antigens for sera positive in screening
by Mix antigen-shrew

Serum ID IFAT intensity to IFAT intensity to individual antigen of No. of positive
Mix antigen-shrew ASAV ALTV CBNV NVAV SWSV TPMV antigens
169F ++ ++ - - - ++ R 2
173F + - - + - - - 1
174F ++ - ++ - - - - 1
175F +++ - +++ - - - - 1
223F + - - - - - - 0
233F +++ - ++ - - - - 1
236F + - - - - - - 0
250F -+ - 4+ - - 4+ _ 2
253F + - - - - - - 0
305F ++ - - ++ - +++ - 2
311F -+ -+ - - - - - 1
313F + - - - - - R 0
317F +++ - - - - - +++ 1
328F 4+ - - 4+ - ++ - 2
329F +H++ +H++ - - - - - 1
333F ++ ++ - - - - - 1
337F +++ - - ++ - - - 1
357F +++ -+ - - - - - 2
358F +H++ +++ - - - - - 1
413F ++ - ++ - - - - 1
433F ++ ++ - ++ - - - 3
480F +++ +++ - - - - - 1
501F ++ - - - - _ T+ 1
505F +++ +++ - - - - - 1
507F ++ - - ++ - - - 1
520F + - - - - - - 0
545F + - - - - - - 0
554F +H+ +++ - - - - +++ 2
560F ++ - - ++ - - - 1
578F ++ - - ++ - - - 1
587F + - - - - _ 0
Total 31 10 5 9 0 4 4 32

ASAV (Asama virus), ALTV (Altai virus), CBNV (Cao Bang virus), NVAV (Nova virus), SWSV (Seewis virus), TPMV (Thottapalayam virus)
IFAT, indirect immunofluorescence antibody test
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Fig. 1. Indirect immunofluorescence antibody test profiles of positive human sera to recombinant N antigens of

bat- and shrew-borne hantaviruses

Indirect immunofluorescence antibody test (IFAT) showing results from Western blot positive human sera at 1:200 dilution. The
left panel shows an individual shrew-borne antigen against its respective positive human serum, as well as its reaction on a mixed-
antigen bat. On the right is a bat-borne positive human serum against the respective antigen and mixed-antigen shrew. While
173F showed double positive to Robina (ROBV) and Cao Bang (CBNV), with a corresponding reaction in the respective mixed-
antigen system, the rest showed no such corresponding reaction. Hence, serum 173F reacted to both CBNV and ROBV antigens.

between the two groups, healthy controls and
febrile patients, could not be compared directly.
The outcome of the individual antigen assays
is shown in Tables 2 and 3. Table 2 shows the
results for individual antigen-bat assays of control
and febrile specimens, while Table 3 shows the
individual antigen-shrew assays. Though 12
seropositives were recorded in the mix antigen-
bat, 15 seropositives were seen in the individual
bat-borne antigen assay due to multiple positives.
Similarly, 31 seropositives for the mix antigen-
shrew; however, 32 positives were recorded in the
individual assay. No seropositivity was observed
for BRNV and NVAYV; this might be because

these viruses were originally found in Europe.
The geographical distribution of viruses might be
related to some seropositivity in Sri Lanka. Sera
with mixed-antigen reactivity (+) produced no
positive reaction in the individual antigen assay.
This may be due to the presence of very low IgG
for binding.

In the previous study, we examined anti-
ALTV, ASAV, SWSV, and TPMV antibodies in
controls in Girandurukotte and found positives
to TPMV antigens in 2/271*”. Although not all
control sera, including those previously positive,
were available, the results of these sera were
consistent with previous studies that were
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Table 4. Host and virus distribution of individual antigens

Individual antigen of Original host

No. of positive

Virus distribution

/168 Control /168 Febrile
Brno (BRNV)* Nyctalus noctula Czech Republic 0 0
Dakrong (DKGV)* Aselliscus stoliczkanus Vietnam 0 0
Quezon (QZNV)* Rousettus amplexicaudatus Philippines 2 7
Robina (ROBV)* Pteropus alecto Australia 0 5
Xuan Song (XSV)* Hipposideros pomona Vietnam/ China 0 3
Asama (ASAV)** Urotricus talpoides Japan 0 10
Altai (ALTV)** Sorex caecutiens Russia 0 5
Cao Bang (CBNV)** Anourosorex squamipes Vietnam/ China 0 9
Nova (NVAV)** Talpa europaea Europe 0 0
Seewis (SWSV)** Sorex araneus Sweden, Russia, Japan, Americas 0 4
Thottapalayam (TPMV)** Suncus murinus India, China, Indonesia, Vietnam, Nepal 0 4

Bat-borne*, Shrew-borne**

(A) BDQRX A KCNST NC
50 KDam - 1
»
-

AKCNST

(B © spQrx AKCNST
.

50 kDa » wiiEiey o

(D) AKCNsST (E)
' BDQRX AKCNST

50kDam = = — -

“

Fig. 2. Western blotting profiles of positive human sera
to recombinant N antigens of bat- and shrew-borne
hantaviruses

Recombinant N proteins expressed in 293T cell lysates
were used as an antigen. B, Brno; D, Dakrong; Q, Quezon;
R, Robina; X, Xuan Song; A, Asama; K, Altai; C, Cao Bang;
N, Nova; S, Seewis; T, Thottapalayam; NC, 293T cell lysate
without expression. Western blotting profiles of febrile (F)
patient serum IDs 173F (A), 433F (B), 554F (C), 317F(D) and
40F (E) were shown. A: 173F showed a positive reaction to
Robina (left) and Cao Bang (right). B and D: 433F and 317F
showed double positives to Asama and Thottapalayam, C:
554F was positive to only Thottapalayam. E: 40F showed a
positive reaction to Quezon, Robina, and Xuan Song antigens.

negative for ASAV, ALTV, SWSV, and TPMV. In
addition, these were negative to other novel shrew-
borne hantavirus antigens, CBNV and NVAV.

However, this study found two positives to the
QZNV antigen, which was a bat-borne hantavirus.

The high seropositivity for ASAV among
febrile patients raises a question regarding the
host species. Because original host animal for
ASAYV is the Japanese shrew mole (Urotrichus
talpoides), that is endemic to Japan®. However,
ASAV seropositive bats have also been found in
Zambia®”. Since Japanese shrew mole cannot be
a reservoir of ASAV in Zambia and Sri Lanka,
ASAV-related viruses must be carried by different
species. It will be necessary to identify the host
animal species in these areas.

TPMYV was carried by an Asian house shrew
(Suncus murinus) and distributed widely in Asian
countries, India, China, Nepal, Vietnam and

5,9,11,14,16,19 . . .
). Since Asian house shrew is

Indonesia
widespread in Sri Lanka, and antibody-positive
humans with TPMV were detected in both this

* These observations

study and previous studies
suggest that a virus antigenically similar to TPMV
is circulating in Sri Lanka. Without information on
the genetic makeup of these suspected circulating
viruses, we cannot definitively state that they are
Asama and Thottapalayam viruses. These viruses
may share a cross-reactive epitope.

Most of the seropositive reactions to bat-
borne antigens were to QZNV and ROBV, which
were originally found in fruit bats (Table 4). Sri

Lanka is home to at least two species of fruit bats,
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Pteropus medius and Rousettus leschenaulti. Sri
Lankan fruit bats may be reservoirs for QZNV
and ROBV-related viruses. Further investigations
are necessary to identify the reservoir species for
hantaviruses.

As shown in Tables 2 and 3, individual
antigen reactions were positive for QZNV, ROBV,
ALTV, ASAV, CBNV, SWSV, and TPMV viruses.
These positive reactions to QZNV and XNV (40F),
ROBV and CBNV (173F), ASAV (317F), and
TPMV (317F, 433F, and 554F) in IFAT (Figure
1) were also confirmed in the Western blot assay
(Figure 2). On the other hand, four IFAT-positive
sera to SWSV were not confirmed in the Western
blot. It is unclear why responses to SWSV were
not confirmed by Western blot, but not all antigens
induce antibodies to linear epitopes detected
in Western blot. Other methods are needed to
confirm SWSV infection.

Sri Lanka is an island country at the
intersection of the Indian Ocean and Asia intersect
and, therefore, has a rich and distinctive fauna.
Two types of hantaviruses have been detected
in rodents to date: the Lanka virus carried by
Mus booduga and the Anjozorobe virus carried
by Rattus rattus'”. There are many types and
species of small mammals belonging to the order
Euonymus, commonly called shrews and moles.
Additionally, Sri Lanka is home to numerous
types and populations of bats. However, no studies
have been conducted to investigate the presence
of hantavirus in these animals. Our findings
suggest that bat- and shrew-derived hantaviruses
could transmit to humans in Sri Lanka. Careful
planning and implementation of studies to assess
the pathogenicity of these viruses in Sri Lanka
will be required.

Acknowledgments

This study was partially supported by the
Science and Technology Research Partnership
for Sustainable Development (SATREPS)
(JP23jm0110019), and A grant provided
by the National Science Foundation of Sri
Lanka (RPHS/2016/CKDu/06) was received

by Professor Rohana Chandrajith (Study 03
PI: Chandika D. Gamage). We sincerely thank
Dr. Lishanata Gunarathne, MBBS, and Dr.
Nishantha Nanayakkara, MBBS, MD, for their
continuous help with the human sample collection
arrangements in Girandurukotte, Sri Lanka.

References

1) Arai S, Ohdachi SD, Asakawa M, Kang HdJ,
Mocz G, Arikawa J, Okabe N, Yanagihara
R. Molecular phylogeny of a newfound
hantavirus in the Japanese shrew mole
(Urotrichus talpoides). Proc Natl Acad Sci U
S A 105, 16296-16301, 2008. doi: 10.1073/
pnas.0808942105.

2) Arai S, Nguyen ST, Boldgiv B, Fukui D, Araki
K, Dang CN, Ohdachi SD, Nguyen NX, Pham
TD, Boldbaatar B, Satoh H, Yoshikawa Y,
Morikawa S, Tanaka-Taya K, Yanagihara
R, Oishi K. Novel bat-borne hantavirus,
Vietnam. Emerg Infect Dis 19, 1159-1161,
2013. doi: 10.3201/eid1907.121549.

3) Arai S, Taniguchi S, Aoki K, Yoshikawa Y,
Kyuwa S, Tanaka-Taya K, Masangkay J8S,
Omatsu T, Puentespina R, Jr., Watanabe S,
Alviola P, Alvarez J, Eres E, Cosico E, Quibod
M, Morikawa S, Yanagihara R, Oishi K.
Molecular phylogeny of a genetically divergent
hantavirus harbored by the Geoffroy’s rousette
(Rousettus amplexicaudatus), a frugivorous
bat species in the Philippines. Infect
Genet Evol 45, 26-32, 2016. doi: 10.1016/
j.meegid.2016.08.008.

4) Arai S, Aoki K, Son NT, Tu VT, Kikuchi F,
Kinoshita G, Fukui D, Thanh HT, Gu SH,
Yoshikawa Y, Tanaka-Taya K, Morikawa
S, Yanagihara R, Oishi K. Dakrong virus, a
novel mobatvirus (Hantaviridae) harbored by
the Stoliczka’s asian trident bat (Aselliscus
stoliczkanus) in Vietnam. Sci Rep 9, 10239,
2019. doi: 10.1038/s41598-019-46697-5.

5) Carey DE, Reuben R, Panicker KN, Shope
RE, Myers RM. Thottapalayam virus: A
presumptive arbovirus isolated from a shrew
in India. Indian J Med Res 59, 1758-1760,



6)

7

8)

9)

10)

11)

12)

13)

Rakiiya Sikatarii Sarii et al.

1971.

Cassola F. 2016. “Urotrichus talpoides” Iucn red
list of threatened species. e.T41489A22323186.
[accessed on March 26, 2025]

Dafalla M, Orlowska A, Keles Sd, Strakova P,
Schlottau K, Jeske K, Hoffmann B, Wibbelt G,
Smreczak M, Muller T, Freuling CM, Wang
X, Rola J, Drewes S, Fereidouni S, Heckel
G, Ulrich RG. Hantavirus brno loanvirus is
highly specific to the common noctule bat
(Nyctalus noctula) and widespread in Central
Europe. Virus Genes 59, 323-332, 2023. doi:
10.1007/s11262-022-01952-2.

Gu SH, Arai S, Yu HT, Lim BK, Kang HJ,
Yanagihara R. Genetic variants of Cao
Bang hantavirus in the Chinese mole shrew
(Anourosorex squamipes) and taiwanese
mole shrew (Anourosorex yamashinai). Infect
Genet Evol 40, 113-118, 2016. doi: 10.1016/
j.meegid.2016.01.031.

Guo WP, Lin XD, Wang W, Zhang XH, Chen
Y, Cao JH, Ni QX, Li WC, Li MH, Plyusnin A,
Zhang YZ. A new subtype of thottapalayam
virus carried by the Asian house shrew
(Suncus murinus) in China. Infect Genet
Evol 11, 1862-1867, 2011. doi: 10.1016/
j.meegid.2011.07.013.

Kang HJ, Bennett SN, Hope AG, Cook JA,
Yanagihara R. Shared ancestry between
a newfound mole-borne hantavirus and
hantaviruses harbored by cricetid rodents.
J Virol 85, 7496-7503, 2011. doi: 10.1128/
JVI1.02450-10.

Kang HJ, Kosoy MY, Shrestha SK, Shrestha
MP, Pavlin JA, Gibbons RV, Yanagihara
R. Short report: Genetic diversity of
Thottapalayam virus, a hantavirus harbored
by the Asian house shrew (Suncus murinus)
in Nepal. Am J Trop Med Hyg 85, 540-545,
2011. doi: 10.4269/ajtmh.2011.11-0034.

Kang HJ, Gu SH, Yashina LN, Cook JA,
Yanagihara R. Highly divergent genetic
variants of soricid-borne altai virus
(Hantaviridae) in Eurasia suggest ancient
host-switching events. Viruses 11, 2019. doi:
10.3390/v11090857.

Lee HW, Lee PW, Johnson KM. Isolation of

14)

15)

16)

17)

18)

19)

57

the etiologic agent of Korean hemorrhagic
fever. J Infect Dis 137, 298-308, 1978. doi:
10.4269/ajtmh.1994.51.102.

Lin XD, Zhou RH, Fan FN, Ying XH, Sun
XY, Wang W, Holmes EC, Zhang YZ.
Biodiversity and evolution of Imjin virus and
Thottapalayam virus in crocidurinae shrews in
Zhejiang province, China. Virus Res 189, 114—
120, 2014. doi: 10.1016/j.virusres.2014.05.014.
Ling J, Sironen T, Voutilainen L, Hepojoki
S, Niemimaa J, Isoviita VM, Vaheri A,
Henttonen H, Vapalahti O. Hantaviruses
in finnish soricomorphs: Evidence for two
distinct hantaviruses carried by Sorex
araneus suggesting ancient host-switch. Infect
Genet Evol 27, 51-61, 2014. doi: 10.1016/
j.meegid.2014.06.023.

Luan VD, Yoshimatsu K, Endo R, Taruishi
M, Huong VT, Dat DT, Tien PC, Shimizu
K, Koma T, Yasuda SP, Nhi L., Huong VT,
Arikawa J. Studies on hantavirus infection
in small mammals captured in southern and
central highland area of Vietnam. J Vet Med
Sci 74, 1155-1162, 2012. doi: 10.1292/jvms.11-
05617.

Muthusinghe DS, Shimizu K, Lokupathirage
SMW, Wei Z, Sarathkumara YD, Fonseka
GRA, Senarathne P, Koizumi N, Kawakami
T, Koizumi A, Wickramasinghe C, Ebihara H,
Matsuno K, Tsuda Y, Arikawa J, Gamage CD,
Yoshimatsu K. Identification of novel rodent-
borne orthohantaviruses in an endemic area
of chronic kidney disease of unknown etiology
(CKDu) in Sri Lanka. Viruses 13, 2021. doi:
10.3390/v13101984.

Nichol ST, Spiropoulou CF, Morzunov S,
Rollin PE, Ksiazek TG, Feldmann H, Sanchez
A, Childs J, Zaki S, Peters CdJ. Genetic
identification of a hantavirus associated
with an outbreak of acute respiratory illness.
Science 262, 914-917, 1993. doi: 10.1126/
science.8235615.

Okumura M, Yoshimatsu K, Kumperasart S,
Nakamura I, Ogino M, Taruishi M, Sungdee
A, Pattamadilok S, Ibrahim IN, Erlina S, Agui
T, Yanagihara R, Arikawa J. Development of
serological assays for Thottapalayam virus,



58

20)

21)

22)

23)

24)

25)

26)

BAT- AND SHREW-BORNE HANTAVIRUSES

an insectivore-borne hantavirus. Clin Vaccine
Immunol 14, 173-181, 2007. doi: 10.1128/
CVI.00347-06.

Plyusnin A, Vapalahti O, Lundkvist A.
Hantaviruses: Genome structure, expression
and evolution. J Gen Virol 77, 2677—2687,
1996. doi: 10.1099/0022-1317-77-11-2677.
Sarii RS, Kajihara M, Wei Z, Lokpathirage
SMW, Muthusinghe DS, Mori-Kajihara A,
Changula K, Qiu Y, Ndebe J, Hang’ombe
BM, Kikuchi F, Hayashi A, Suzuki M,
Kamiya H, Arai S, Takada A, Yoshimatsu K.
Development of a seroepidemiological tool for
bat-borne and shrew-borne hantaviruses and
its application using samples from Zambia.
PLoS Negl Trop Dis 18, e0012669, 2024. doi:
10.1371/journal.pntd.0012669.

Smith CS, Underwood DdJ, Gordon A, Pyne
MdJ, Smyth A, Genge B, Driver L, Mayer DG,
Oakey J. Identification and epidemiological
analysis of a putative novel hantavirus in
Australian flying foxes. Virus Genes 61, 71—
80, 2025. doi: 10.1007/s11262-024-02113-3.
Strakova P, Dufkova L, Sirmarova J, Salat
J, Bartonicka T, Klempa B, Pfaff F, Hoper
D, Hoffmann B, Ulrich RG, Ruzek D. Novel
hantavirus identified in European bat species
Nyctalus noctula. Infect Genet Evol 48, 127—
130, 2017. doi: 10.1016/j.meegid.2016.12.025.
Team RC 2023. A Language and Environment
for Statistical Computing. R Foundation for
Statistical Computing, Vienna. https://www.
R-project.org/ [accessed on January 19, 2025]
Wei Z, Shimizu K, Nishigami K, Tsuda
Y, Sarathukumara Y, Muthusinghe DS,
Gamage CD, Granathne L, Lokupathirage
SMW, Nanayakkara N, Arikawa J, Kikuchi
F, Tanaka-Taya K, Suzuki M, Morikawa S,
Arai S, Yoshimatsu K. Serological methods
for detection of infection with shrew-borne
hantaviruses: Thottapalayam, Seewis, Altai,
and Asama viruses. Arch Virol 166, 275-280,
2021. doi: 10.1007/s00705-020-04873-3.
Yanagihara R, Gu SH, Arai S, Kang HJ, Song
JW. Hantaviruses: Rediscovery and new
beginnings. Virus Res 187, 6-14, 2014. doi:
10.1016/j.virusres.2013.12.038.

27) Zhang YZ. Discovery of hantaviruses in bats

and insectivores and the evolution of the
genus hantavirus. Virus Res 187, 15-21, 2014.
doi: 10.1016/j.virusres.2013.12.035.



