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ASSESSMENT OF EPIZOOTIC ACTIVITY
AND EPIDEMIC RISK IN HEMORRHAGIC
FEVER WITH RENAL SYNDROME FOREST FOCI
OF PRIMORSKY KRATI'

Kushnareva T.V., Kumaksheva E.V.

In forest foci of hemorrhagic fever with renal syndrome (HFRS) of Primorsky
Krai Amur and Hokkaido hantaviruses are circulated in the natural host popu-
lation, i.e. Apodemus peninsulae and Myodes rufocanus. The indicators of epi-
zootic activity and their threshold values in rodent population dynamics were
determined in order to forecast HFRS outbreaks. The material for the research
was obtained throughout 2001-2013. The number of trap-nights was 33890.
2737 of A. peninsulae and 1643 of M. rufocanus were investigated. ELISA, RT-
PCR, IFA were used for the detection of hantavirus antigen, RNA, antibodies/
avidity. The parameters of epizootic activity per 100 TN (N — population, n,— in-
Jfected rodents, n ,— individuals with acute infection) were proposed. The results
showed that the active foci of Amur viral infection are located on the slopes of
the Sikhote-Alin ridge. The epizootic activity in A. peninsulae populations is
characterized by the expressed cyclicity: phase I is rise, phase Il is high activity,
phase Il is recession/low activity. Phases I and Il are valid up to a year, where-
as phase 111 is valid within a few years, determining the whole epizootic cycle.
In phase I the number of rodents with an acute infection increased from summer
to late autumn. In phase II the number of rodents with acute infection was con-
siderable in spring/summer and decreased in autumn more than 3 times. In all
phases of the cycle the threshold values were considerably higher for A. penin-
sulae, than for M. rufocanus, thus showing the former’s epidemiological role in
forest ecosystems. HFRS infection rate in phases /Il of the epizootic cycle in A.
peninsulae populations had two peaks: during late autumn — winter (> 37% of
cases) and spring — first half of summer (> 55% of cases).
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The obtained threshold values of Amur hantavirus active circulation in popu-
lation dynamics of the natural host allows to predict the periods of the increased
risk of infection in HFRS forest foci for humans.

Keywords: hantaviruses; rodents; hemorrhagic fever with renal syndrome
(HFRS), natural foci; Primorsky Krai.

OIIEHKA BIIU300TUYECKON AKTUBHOCTH
N GIMNIEMHUYECKOI'O PUCKA B JIECHBIX OYAT'AX
TEMOPPATMUYECKOM JIUXOPAJKHA C MOYEYHBIM
CUHAPOMOM ITPUMOPCKOT' O KPAA

Kywnapeea T.B., Kymakwiesa E.B.

B necnvix ouazax eemoppazuueckoli 1uxopaoxku ¢ NOYeYHbIM CUHOPOMOM
(TJITIC) IIpumopcrozo kpas yupkynupyrom xaumasupycol Amur u Hokkaido 6
NONYIAYUSAX NPUPOOHBIX X0351e6 — Apodemus peninsulae u Myodes rufocanus.
C yenvro npozcrosa noovemos sabonesaemocmu I JITIC onpedenensvt uHouka-
MOpHbLE NOKA3amenu SNU300MUeCKol AKMUEHOCMU U UX NOPO2O8ble 3HAYE-
HUsl 8 QuHaAMuKe nonyusyuu epwizynos. Mamepuan nonyuen ¢ 2001-2013 ze.
Bvicmasneno 33890 nosywiko-nouetl (n-n). Mccnedosarno 2737 A. peninsulae
u 1643 M. rufocanus. Anmueen, PHK xanmasupyca, cneyuguueckue anmu-
mena / asuonocmu eviaensiiu ¢ UPA, OT-IIL{P, HM®DA. Ilpeonosicenvl noxa-
samenu snuzoomudeckou akmusenocmu na 100 n-n: N — eca nonynayus, n, —
6ce unpuyuposanie; n, — 6ce 0coou ¢ ocmpotl ungexyuerl. Pesyrbmanmo
NOKA3anU, Ymo axkmuenvle oyacu Amur-eupyCcHou UH@EeKyuu pacnoioliceHsl
Ha cxknounax xpeoma Cuxoma-Anuns. InuU300muueckds akmueHOCMs 6 NONY-
aayusax A. peninsulae umeem evipasicennyro yukauunocms: 1 gpaza — noovem,
11 — svicoxas, Il — cnao / nuszkas akmusnocmo. 1 u Il pazel dnsimes we 6onee
200a, Il paza onumcs HecKkobKO iem, onpeoensisi Nepuood 6Ce20 INU300MuYe-
cko020 yuxaa. B I ¢hazy uucno 36epvros ¢ ocmpoil ungexyueil y8eruiueaniocs
om niema K nos3oueu ocenu. Bo Il uucno 36epvkos ¢ ocmpoui unghexyueti OvLio
3HAYUMENbHO blUle BECHOU/IEMOM, CHUMNCASCL 0CeHblo Donee yem 6 3 pasa.
3uauenus noxkazamenei 80 6ce hazvl Yukaa ObLIU 3HAYUMETLHO ble V A.
peninsulae, yuem y M. rufocanus, ykasvieas Ha ee 3nuU0eMutecKyro 3Ha4UMOCmb
6 iecHbix axocucmemax. B nepuoo I u Il ¢pasz snuzoomuyeckoeo yuxia 6 nony-
asyusx A. peninsulae 3a6oneeaemocmo IJIIIC 6 kpae umena 06a nuxa: ocem-
He-3umMHull (= 37% cayuaes) u eecenne-remuuii (= 55% cayuaes).
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Tlonyuennvie nopoeogvie noxkazamenu aKmusHoOU YUPKYIayuu upyca Amur 6
OuHamure NONYIAYUI NPUPOOHO20 XO3AUHA OAIOM BOIMONCHOCIL NPOSHO3UPO-
6amp nepuodbl NOBLIUEHHO20 PUCKa 3apadicenust nooetl 6 nechulx ouazax TJITIC.

Kniouegvie cnosa: xanmagupycwl, 2pbi3yHbl; 2eMOPpaULecKds Iuxopaoka
¢ noueunvim cunopomom (I JIIIC); npupoonvie ouaeu, Ilpumopckuil Kpail.

Introduction

Currently, over 40 genetically and immunologically distinct hantavirus spe-
cies in the genus Hantavirus of the Bunyaviridae family have been discovered.
Each of them, with few exceptions, is strongly associated with a unique host
species, having passed a long way of co-evolution. 22 species of hantaviruses are
considered pathogenic to humans, their natural hosts being defined as the rodents
of the three families, i.e. Murinae, Cricetinae, Sigmodontinae [1, 2]. Hantavirus-
es are capable of causing serious diseases in humans, i.e. the so-called hantavi-
rus fevers [3] that are defined as natural focus nontransmissible viral zoonoses.
Hemorrhagic fever with renal syndrome (HFRS) is quite widespread in Eurasia,
whereas hantavirus pulmonary syndrome (HPS) can be found in both North and
South America. Geographic distribution and epidemiology of cases caused by
hantaviruses are seen as the consequence of distribution and natural history of
their natural hosts [4]. The problem with HFRS, associated with immunological-
ly distinct hantaviruses, seems to be particularly acute on the foci where two or
more of its causative agents are present at the same time. In the European part of
Russia, the following hantaviruses are HFRS etiologic agents: Puumala (reser-
voir — the Myodes glareolus bank vole) and Dobrava (the Kurkino genetic sub-
type, the reservoir being a subspecies of the Apodemus agrarius field mouse and
the Sochi genetic subtype, its reservoir being the Caucasian forest mouse A. pon-
ticus) [3, 5, 6]. In the Asian part of Russia, the following hantaviruses are HFRS
etiologic agents: Hantaan (Far East genovariant), Amur (Amursk, Khabarovsk,
Primorye, and Primoryel-China genovariants) and Seoul (VDV genovariant).
The natural hosts of Hantaan, Amur and Seoul viruses are the eastern subtype
of the A. agrarius field mouse, A. peninsulae forest Asian mouse and Rattus
norvegicus gray rat, respectively [7-9]. The forest ecosystems are dominated
by A. peninsulae — the natural host of the Amur pathogenic virus and the source
of infection to humans, its co-dominant being the Myodes rufocanus gray-sided
vole — natural host of the Hokkaido hantavirus with an unknown virulence level
to humans. Studying of the areas being endemic to HFRS is aimed at establish-
ing biocenotic structures of ecosystems, function and reservoir potential pecu-
liarities of hantavirus natural foci [10, 11]. However, quite a few urgent issues
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related to natural foci of hantavirus zoonoses have not been thoroughly studied
so far, one of them being the mechanism of epizootic activity in the dynamics of
rodent population as well as epidemic manifestations of different types of hanta-
virus infection natural foci within a particular spatial-temporal framework. The
purpose of the study was to determine the indicators of epizootic activity and
their threshold values in the population dynamics of rodents, being the carriers
of the forest areas hantaviruses, in order to predict HFRS incidence rise on the
forested territory of Primorsky Krai.

Material and Research methods

For the purposes of the study the research material was obtained during
field and stationary research activities (2001-2013) on the HFRS endemic ar-
eas in the belt of mixed coniferous-deciduous and deciduous forests in central
and southern parts of Primorsky Krai. The epizootological observation and
collection of the material was carried out yearly in spring, summer and au-
tumn. During the observation period, 33890 trap-nights (TN) were worked
over. 4594 rodents were caught, 2737 of those were identified as 4. peninsulae,
214 — A. agrarius, 1505 — M. rufocanus, 114 — Myodes rutilus red voles and
24 — Microtus fortis reed voles.

Table 1.
Immunological and molecular genetic research techniques

Hantavirus and infection

Research techniques . . ..
q identification in rodents

ELISA (enzyme-linked immunosorbent assay)
Hantagnost commercial test-system manufactured by
Federal State Unitary Enterprise on Manufacture of
Bacterial and Viral Preparations of Chumakov Institute
of Poliomyelitis and Viral Encephalitides

Viral antigen in 10-20%

of the rodents’ lungs and

excretory organs suspen-
sion

RT-PCR (Reverse transcription polymerase chain reac-
tion) RNA extraction, RT and PCR formulation, visual Hantavirus RNA in the
indication of amplification products by gel electropho- | animals’ organs on ambi-
resis in agarose gel in the presence of ethidium bromide. ent substrata
Vector-Best, AmpliSens Hantavirus sets.

IFAT (Indirect fluorescent antibody technique).
Anti-species FITC conjugates manufactured by N.F.
Gamaleya Research Institute of Epidemiology and Mi-
crobiology. Antibody avidity in seropositive animals by
the Hedman technique (1991).

Antibodies to culture anti-
gens of hantaviruses
Antibodies avidity: high,
transitional, low.
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The animals’ hantavirus infection was detected by the presence of antigen/
RNA in lungs/excretory organs and/or the presence of specific antibodies in
their blood. Hantavirus antigen was identified using the ELISA, whereas viral
RNA was identified using the RT-PCR; specific antibodies and their avidity
were identified using the indirect fluorescence technique (Table 1).

To characterize hantavirus infection in individuals as well as on the
population level of rodents, being hantavirus carriers, the following parameters
and indicators were proposed: infection rate; acute infection; relative abundance
/ infection rate; epizootic activity (Table 2).

Table 2.
Main parameters and indicators of hantavirus infection
Parameters and values Hantavirus infection in animals and population
Infection rate in rodents Hantavirus antigen in lungs/organs, specific
antibodies in blood.
Acute infection in rodents (han- Hantavirus antigen/RNA in lungs/ secretory
tavirus shedding with the natural and excretory organs, antibodies of low/transi-
host’s saliva, urine, faeces into tional avidity.
ambient environment).
Relative abundance of the species — | number of all individuals per 100 TN
Relative infection rate — number of all infected individuals per 100 TN
Relatively acute infection — number of all individuals with acute infection
per 100 TN
Epizootic activity Relatively acute infection in population

Research results and discussion

Forest ecosystems occupy about 70% of Primorsky Krai. Amur viral in-
fection endemic areas were identified in the parts of the region with mixed
coniferous-deciduous forests with a high proportion of cedar and oak, and a
well-developed lower tier, being a favorable habitat for the large Japanese field
mouse. Amur viral infection active natural foci are located on the western and
eastern slopes of the Sikhote-Alin ridge occupied by coniferous-deciduous for-
ests that are preferred by the 4. peninsulae. Long-time average annual values
for various rodent species, being hantavirus carriers, in forest communities are
shown in Table 3, which proves the fact that all the values obtained are much
higher in the 4. peninsulae species.

According to the obtained data the dynamics of epizootic activity in 4. penin-
sulae populations has an expressed cyclic recurrence. Rise and high activity are
valid up to a year, from autumn of the current year till autumn of the subsequent
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year, followed by recession. The phase of recession/low activity lasts for several
years, determining the duration of the cycle. Table 4 presents the characteristic of
the rodents, being hantaviruses carriers in forest ecosystems, within the phases of
rise, high and low epizootic activity in 4. peninsulae populations.

Table 3.

Long-time average annual values for rodents, being hantavirus carriers,
in HFRS forest natural foci

Values
Species of rodents | Species pro- | Species proportion | Species | The infection
as hantaviruses portion in of the infected popula- | rate of the spe-
carriers the trapping | animals in the trap- | tion (per | cies (per 100
(%) ping (%) 100 TN) TN)
Apodemus 59,607 65,5+1,8 8,1 1,4
peninsulae
Apodemus agrarius 4,7+0,2 2,5+0,2 0,6 <0,1
Myodes rufocanus 32,7+0,7 29,6+0,5 44 0,6
Microtus fortis 0,5+0,1 1,1+0, 4 <0,1 <0,1
Myodes rutilus 2,5+0,2 1,340, 4 0,3 <0,1
Table 4.

The characteristic of rodents, being hantaviruses carriers in forest ecosystems,
within different phases of the epizootic activity in A. peninsulae populations

Values of the species

et pnie | S ool e [Feortn e
sulae epizo- as hanta.wruses tion in the imals i P tion rate
’ carriers . animals in the | tion (per

otic cycle tra}())plng trapping 100 TN) (per 100

(%) o ™)

A. peninsulae 78,3 78,9 7,45 1,58

A. agrarius 8,0 5,3 0,76 0,10

acljt}iljistiflri;e M. rufocanus 13,4 15,8 1,28 1,31

Microtus fortis 0,0 0,0 0,00 0,00

M. rutilus 0,4 0,0 0,04 0,00

A. peninsulae 65,2 75,6 20,52 5,62

A. agrarius 3,3 1,8 1,04 0,14

hiz T::tg:ty M. rufocanus 31,2 22,3 9,82 1,66

Microtus fortis 0,2 0,3 0,07 0,02

M. rutilus 0,1 0,0 0,02 0,00




B Mupe Hay4HbIX oTKpbITUI, Tom 9, Ne3, 2017 31

End of the Table 4.

A. peninsulae 82.5 65,4 5,35 0,31
A. agrarius 1,0 0,0 0,06 0,00
lPhasejH.; M. rufocanus 13,5 26,9 0,88 0,15
OW AV | Microtus fortis 0,3 3.8 0,02 0,02
M. rutilus 2,6 3.8 0,17 0,02

During a year characterized by the activity rise the relative abundance of
mice with acute infection in populations of 4. peninsulae increased from sum-
mer to late autumn to an average value of 2. Within the high activity phase the
number of mice with acute infection during a spring and summer season was
more than 5 individuals per 100 TN, decreasing to more than 3 times in autumn
at a fairly high population rate. Within the phase of low epizootic activity in-
dividuals with acute infection were found during all seasons, their number not
exceeding the value of 0.3.

As a result of HFRS forest foci long-term monitoring, the parameters of
hantaviruses active circulation were determined as well as their threshold val-
ues at different phases of the epizootic cycle in populations of rodents, being
virus carriers, were defined. As seen in Table 5, within all the cycle phases the
epizootic activity values tend to be much higher in A. peninsulae, compared
to M. rufocanus, that proves the epidemiological importance of this species in
forest ecosystems of Primorsky Krai.

Table 5
Threshold values of the population parameters within different phases
of the Apodemus peninsulae and Myodes rufocanus epizootic cycle

Parameters Phases of the cycle Ap o'demus Myodes
peninsulae | rufocanus
Relative abundance of the Rise of the epizo- |N >38,0 >1,5
natural host (number of indi- | otic activity n >1,8 >0,3
viduals per 100 TN): n >1,5 >0,
N- thle pbop ulan'on High epizootic N [>20,0 >9.0
n_— all infected animals - .

u i K . activity n >7.0 >1.7
n, —animals with acute in- g == =
fection n_ >5,0 >0,8

Low epizootic N <6,0 <10
activity n, <0.5 <0,2
n_ <03 <0,1

For the observed period, in forest natural foci of hantavirus infection 39.6%
of HFRS cases were reported from May to June. During the years of high epizo-
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otic activity in the populations of the large Asian field mouse the bulk of HFRS
cases were reported in spring and summer (68.6% of annual incidence). When
comparing the long-time annual dynamic pattern of the epizootic activity in pop-
ulations of rodents, being hantavirus carriers, to HFRS incidence in humans, the
following dynamics conjugation was noted, the one of the epizootic process in
populations of 4. peninsulae and the annual and seasonal dynamics of HFRS
cases registration. During the rise/high stage of the epizootic activity in popula-
tions of A. peninsulae two incidence peaks were determined: autumn to winter (>
37,5% of cases during a year), and spring to summer (> 55,2% of cases).

Another research activity was conducted within the frame of the study re-
garding the possibility to preserve natural foci of HFRS hantaviruses in the
ambient environment, the ones excreted by the infected rodents with urine,
saliva, faeces. Environmental substrata samples were taken on forested areas,
being enzootic to hantavirus infections (Table 6).

Table 6.
Detection of hantavirus RNA, being external to its natural host,
in the ambient environment of HFRS forest foci
Area / Time of . Number of | Sample RT-PCR
. Research objects substrara | charac-
sample collection . results
samples | teristics
Kavalerovsky Trap lines in coniferous and Soil with
. . 4+ RNA
district, June to cone-bearing forest on a 20 plant assavs
October stationary plot litter Y
. P n
Chuguyevsky dis Rodents’ natural refuges 10 S.Oﬂ with | 2+ RNA
trict, October litter assays
Olginsky district, | Trap lines in coniferous and Soil with
. 2+ RNA
Jyne. HFRS group | cone-bearing forest around 8 plant
, . . assays
cases gamekeepers’ dwelling litter

A specific RNA was found in the samples containing soil with plant litter
on trap lines as well as in places, where HFRS group cases had been detected,
and a certain number of A. peninsulae with acute hantavirus infection had been
caught as well as traces of their activity detected.

Conclusion
To date, the Eurasian countries have seen the increase in both the ampli-
tude and number of HFRS outbreaks. The risk determinants include reservoir
ecology, ecology of the virus and antropogenous factors [12, 13]. Every year,
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hundreds of thousands of people, who live in the endemic territories or tem-
porarily stay there while at work or having time off, get in contact with HFRS
natural foci. Both temporary protection of an individual or a group of people
from a pathogen is required, as well as preventive measures aimed at reducing
infection rate on specific HFRS endemic territories. HFRS, having all the fea-
tures of the emerging infection, can lead to a complicated epidemic situation.
In some HFRS and HPS outbreaks the mortality rate can reach 12% and 60%
respectively [14]. WHO estimates that each year there are between 150000 and
200000 hantavirus disease cases, of which 70 to 90% are detected in parts of
China, adjoining the north-eastern border of Primorsky Krai. More and more
HFRS cases are reported in Europe [15]. In order to improve the prevention
of hantavirus infections, the cooperation of international organizations is re-
quired, just as it is done concerning other widespread viral diseases [16].

According to the hypothesis (Vorontsov, 1974), causative agents of viral
infections, by integrating fragments of their genome into their natural host’s
genome, play an important role in their evolution. The strategy to prevent nat-
ural foci infection should be aimed at preserving the role of the pathogen in the
ecosystem, along with the unconditional protection of humans from infections
caused by pathogens, rather than at the elimination of the pathogen [17].

In order to develop effective methods of HFRS protection and prevention, in
our opinion, it is necessary to obtain quantitative parameters of hantaviruses cir-
culation in different phases of the epizootic cycle in different types of the natural
foci. After long-term monitoring of HFRS forest foci in Primorsky Krai, certain
epidemic-significant indicators and their thresholds values were identified that
reflect the activity of the epizootic process in its different development phases in
populations of A. peninsulae and M. rufocanus, being natural hosts to Amur and
Hokkaido hantaviruses. It is important to note that the rise, high and low epizoot-
ic activity values obtained were significantly higher in A. peninsulae compared
to M. rufocanus, that proves the former’s epidemic significance. Within the pe-
riods of rise and high epizootic activity in populations of 4. peninsulae the two
HFRS incidence peaks were observed as follows: autumn to winter and spring
to summer (> 37% and > 55% of the annual incidence). The epizootic activity in
populations of A. peninsulae, being cyclical, leads to years to year and season-
al differences in the HFRS cases distribution [18, 19]. Detection of hantavirus
RNA in ambient environment substrata of HFRS forest natural foci shows the
possibility of Amur virus survival within a considerably long period, while being
external of its natural host organism, which is consistent with the data obtained
for Puumala hantavirus [20]. Considering the ‘hantavirus — rodent’ binomial par-
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asitic system the study on the detection of hantavirus in the medium between the
natural host and human being seems to be quite significant in determining the
factors, time, and areas of HFRS high infection rate concerning humans.

The proposed indicators for assessing the epizootic activity and their thresh-
old values in the population dynamics of the natural host of Amur virus makes
it possible to predict high-risk periods of human infection in HFRS forest foci
within a particular spatial-temporal framework.
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