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Abstract

Introduction. Various human viruses have been identified in wild monkeys and in captive primates. Cases of
transmission of viruses from wild monkeys to humans and vice versa are known.

The aim of this study was to identify markers of anthroponotic viral infections in vervet monkeys (Chlorocebus
pygerythrus) arrived from their natural habitat (Tanzania).

Materials and methods. Fecal samples (n = 56) and blood serum samples (n = 75) obtained from 75 animals,
respectively, on days 10 and 23 after admission to the primate center, were tested for the markers of anthroponotic
viral infections (Ebola virus, Marburg virus, lymphocytic choriomeningitis, hepatitis C virus, herpes simplex virus
(HSV), cytomegalovirus (CMV), Epstein—Barr virus (EBV), parainfluenza types 1 and 3, intestinal adenoviruses,
rotaviruses) by enzyme immunoassay (ELISA) and polymerase chain reaction (PCR).

Results and discussion. Among the examined animals, markers of 6 out of 11 tested viral infections were
identified. Detection rates of IgG antibodies to HSV-1,2 (15.9%) and CMV (15.9%) were two times as low as IgG
antibodies to EBV (31.8%). Among the markers of respiratory viral infections, IgG antibodies to parainfluenza
virus type 1 were found (6.8%). 14.3% of the animals had rotavirus antigen, and 94% had simian adenovirus
DNA. Markers of hemorrhagic fevers Ebola, Marburg, LCM, hepatitis C, and type 3 parainfluenza were not
detected.

Conclusion. When importing monkeys from different regions of the world, an expanded screening for viral infections
is needed considering the epidemiological situation both in the country of importation and in the country of destination.
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Pestome

Beepenue. Mpumatsl, HApSAY C rpbidyHaMu U NETYYMMU MbiLLaMm, Hamboree YacTo OKa3blBalOTCS pe3epByapoM U
MNCTOYHMKOM 300HO3HbIX BUPYCHbIX MHAbEKUMIA. Kpome Toro, y AnKMx 06e3bsiH 1 Yy NPUMaToB, COAEPXKALLUXCS B He-
BOIe, BbISBMAT Pa3nnyHbie YenoBeyeckne Bupychl. MiayveHne BupycHoro pasHoobpasns y 06e3bsH Heobxoanmmo
NSt orpaHUYeHns NoTeHuManbHON nepeaaym BUPYCOB MexXay NMoabMy U NpyMaTtammn pasHbix BUOOB.

Llenbto paboTbl ABNSNOCH N3y4YeHe MapKepoB aHTPOMNOHO3HbLIX BUPYCHbIX MHIDEKLMI Y 3EMEHbIX MapThILLeK Bep-
BeT (Chlorocebus pygerythrus), NOCTYNMBLUNX U3 MECT €CTECTBEHHOro 0butaHus (TaH3aHus).

MaTtepuanbl n metoabl. Obpa3supbl pekanuin (n = 56) 1 CbIBOPOTOK KpoBU (N = 75), nonydeHHble OT 75 XUBOT-
HbIX Ha 10-e 1 23-M CyTKN COOTBETCTBEHHO NOCME MOCTYNIEHUS B NPUMATONOrMYECKUiA LLeHTp, Obinv NpoTecTu-
pOBaHbl Ha HanUuMe MapkepoB aHTPOMOHO3HbIX BUPYCHbIX MHekuun (Bupyc 36ona, Bupyc Mapbypr, Bupyc
nuMmdoumTapHoro xopuomeHurruta (J1XM), Bupyc renatuta C (BI'C), Bupyc npocrtoro repneca 1-ro u 2-ro Tunos
(BIr-1,2), umtomeranosupyc (LUMB), Bupyc OnwTteriHa—bapp (B3B), Bupyc naparpunna 1-ro n 3-ro TMnos, Ku-
LIEYHbIN afeHOBUPYC, POTaBUPYC) C NPUMEHEHMEM METOA0B UMMYHOMEPMEHTHOIO aHanu3a u nonMMmepasHomn
LlenHon peakumu.

PesynkTathbl M 06cyxaeHue. Y obcrnefoBaHHbIX XUBOTHbLIX Oblnn 06HapyxeHbl Mapkepbl 6 13 11 nccnepoBax-
HbIX BMpYycoB. Cpean mMapkepoB repnecBupycHbiX uHdekumnin IgG-aHtutena k BIMMr-1,2 (15,9%) n LIMB (15,9%)
BbISBNANUCL B 2 pa3a pexe, Yyem k BOB (31,8%). Cpean mapkepoB pecnupaTopHbIX BUPYCHbIX MHpekuuii Bbinu
o6HapyxeHbl IgG-aHTUTENa Kk BUpycy naparpunna 1-ro tuna (6,8%). Cpean MapkepoB KULLEYHbIX BUPYCHbIX WH-
dekunin y 14,3% x1BOTHbIX ObiN OOHApYXeH aHTUreH potaBupyca, a 'y 94% — OHK ageHoBupyca o6e3bsH. Mapke-
pbl reMopparnyeckunx nuxopagok déona, Mapbypr, JIXM, BI'C, a Takke naparpvnna 3-ro Tuna BbiiBieHbl He bbinu.
3akntoyeHue. Mpu umnopte 06e3bsiH U3 pasHbIX PErMOHOB MUpa HeobXoauMMa CUCTEMa CKPUHMHIA BUPYCHbIX
MH(EKLMI C y4EeTOM 3NnA06CTaHOBKN KaK B CTPaHe UMMopTa, Tak U B CTpaHe aKcrnopTa.

KnioueBble cnoBa: 3e/ieHble MapmbIlWKU; 2eMoppacuyeckue nuxopadku; 8UpPYCHbIE 2ernamumbl; 2epreceupycHble
UHGbeKyuu; pecriupamopHble 8UpYCHbIe UHGheKUUU, KUEYHble 8UPYCHbIe UHghekyuu,; U®A; MNLIP

Onsa untupoBaHua: Joragos [.U., KioperaH K.K., FoHuyapeHko A.M., MuHocsiH A A., KoukoHsiH A.A., KapnceH A.A.,
Boiwemunpckun O.N., Kapan-ornel O.0., Muxannos M.W. Mapkepbl aHTPOMOHO3HbIX BUPYCHbIX MHAEKUNIA Y 3e-
NeHbIX MapTbILWeK, MOCTYNUBLUMX U3 MECT eCTeCTBEHHOro obutaHus (TaHsaHus). Bonpock! supyconozauu. 2023;
68(5): 394-403. DOI: https://doi.org/10.36233/0507-4088-188 EDN: https://elibrary.ru/awajxs

®duHaHcupoBaHue. PesynbtaTbl nony4veHbl Npu BbIMOMHEHUM npoekta MuHobpHaykm Poccumn B pamkax cornaiieHun
Ne 075-15-2021-1065 oT 28 ceHTs6psi 2021 1. 0 NpeOCTaBNEHUN IPaHTa Ha peanu3aumio oTaenbHbIX MeponpusTuil dGe-
[epanbHoM HayYHO-TEXHUYECKOW NporpaMmMbl pasBUTUS reHeTUYecknux TexHonorni Ha 2019-2027 roabl.

KoHdnukT MHTepecoB. ABTOpbI AeKNapupyloT OTCYTCTBUE SIBHbIX M MOTEHUMaNbHbIX KOH(PIIMKTOB MHTEPECOB, CBSi-
3aHHbIX C NybnuKaumen HacTosALWeN cTaTbu.

OTnyeckoe yTBepxaeHue. ABTOpbl NOATBEPXKAAIOT COOMIOAEHNE MHCTUTYLIMOHAMNBHBIX Y HALMOHAarbHbIX CTaHAapTOB
Nno MCNonb30BaHMIO NTabopaTopHbIX XXMBOTHLIX B cooTBeTCcTBMM ¢ Consensus Author Guidelines for Animal Use (IAVES,
23 July 2010). MpoTokon nccnenoBaHusi ogobpeH ATUHECKMM KOMUTETOM opraHu3aumm (npotokon Ne 135

ot 20.05.2014).

Introduction

Viral infections pose a potential threat to the health of
wild and laboratory primate populations as well as to the
personnel involved in their care. This is particularly true
at facilities where there is frequent turnover or movement
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of animals or at facilities and sites where monkeys im-
ported from natural habitats are introduced into colonies
of susceptible animals [1].

Primates, along with rodents and bats, are the most
common reservoir and source of zoonotic viral infections
compared to other groups of mammals [2]. The close evo-
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lutionary relationship between humans and primates fa-
cilitates the cross-species transmission of various patho-
gens [3]. Good examples are human coronavirus OC43
identified in wild chimpanzees in Cote d’Ivoire [4] and
SARS-CoV-2 detected in captive gorillas after the expo-
sure to an infected, though asymptomatic staff member
of the San Diego Zoo [5]. In addition, a large number of
human viruses, including coronaviruses, herpesviruses,
rotaviruses, and enteroviruses, viruses causing hepatitis,
enteric adenoviruses, have been found in captive and wild
primates [6—13]. Many important human pathogens such
as the yellow fever virus, Zika virus, dengue virus, and
HIV were passed to humans through zoonotic transmis-
sion from primates [5, 14, 15]. Conversely, some virus-
es found in non-human primates, such as poliovirus and
measles virus, are believed to be derived from the human
population [16—18].

In addition, the likelihood of pathogen transmission in-
creases through public interaction with monkeys at zoos,
primate centers, and during wild nature travel being one
of the most popular avenues of ecotourism. A convincing
example is Bali Island where more than 700,000 tourists
annually visit temples inhabited by primates. Researchers
described the case of infection of a tourist with the simian
foamy virus after the contact with primates in a temple [3].

Based on the current statistics, a total of 140 monkey
species are susceptible to infection with 186 DNA and
RNA viruses, around 70% of them being also found in
humans [5]. In Russia, monkeys of the Sukhumi Primate
Center had spontaneous viral infections pathogenic to hu-
mans, such as measles, polio, hepatitis A virus (HAV),
encephalomyocarditis, seasonal coronavirus infection,
and simian hemorrhagic fever [19].

In recent decades, cross-species virus transmission
between animals and humans has been a major source
of emerging infectious diseases, being a global public
health concern. The pandemic caused by SARS-CoV-2,
which spread around the world [5], is an illustrative ex-
ample [5].

Thus, studies of viral diversity in monkeys are of
high importance for limitation of potential transmis-
sion of viruses between humans and various species of
primates.

Previously, in compliance with the quarantine re-
quirements, we examined the green monkeys admit-
ted to the Research Institute of Medical Primatology in
June 2014 for the presence of markers of enteric viral
hepatitis and respiratory infections (measles virus and
adenovirus). Some of the examined animals were tested
positive for markers of HAV infection (anti-HAV IgG —
63.1%, anti-HAV IgM — 27.5%, HAV Ag — 27.5%, HAV
RNA — 27.5%) and respiratory adenovirus infection (an-
ti-IgG — 14.8%, anti-IgM — 7.4%), while no markers of
infection caused by the hepatitis E virus (HEV) and mea-
sles infection were detected [6, 10, 20].

The purpose of this study was the further, more ex-
tensive detection of serological and molecular genetic
markers of anthroponotic viral infections in the vervet
monkeys (Chlorocebus pygerythrus), which came from
their natural habitats (Tanzania).

OPUTUHAJbHbBIE NCCNEAOBAHUA

Materials and methods

The study was performed using serum and fecal sam-
ples from 75 vervet monkeys (Chlorocebus pygeryth-
rus), which came from their natural habitats (Tanzania)
in 2014. Fecal samples (n = 56) were collected on the 10%
day, and serum samples (rn = 75) were collected on the 23
day after the animals arrived. After they had been col-
lected in 2014, the fecal and serum samples were stored
frozen in several aliquots at =70 °C. The tests for viral in-
fection markers were performed both on a real-time basis
(enteric adenovirus, Ebola and Marburg viruses, lympho-
cytic choriomeningitis virus (LCMYV), rotavirus) and ret-
rospectively (herpes simplex virus types 1 and 2 (HSV-1,
HSV-2), cytomegalovirus (CMV), Epstein-Barr virus
(EBV), parainfluenza virus type 1 (PI-1) and type 3 (PI-3),
hepatitis C virus (HCV)).

The authors confirm the compliance with institutional
and national standards for the use of laboratory animals
in accordance with the Consensus Author Guidelines on
Animal Ethics and Welfare (IAVES, July 23, 2010). The
research protocol was approved by the Ethics Committee
(minutes No. 135, 20/5/2014).

Antibodies to HCV (anti-HCV), HSV-1,2 (an-
ti-HSV-1,2), CMV (anti-CMV), and EBV (anti-EBV)
were detected using the enzyme-linked immunosorbent
assay (ELISA) and commercial ELISA-ANTI-HCV, DS-
ELISA-ANTI-HSV-1,2-G, DS-ELISA-ANTI-CMV-G,
and DS-ELISA-ANTI-EBV-VCA-G reagent kits (Di-
agnostic Systems, Russia). ELISA-Parainfluenza-1-IgG
and ELISA-Parainfluenza-3-IgG reagent kits were used
for detection of IgG antibodies to PI-1 and PI-3 (anti-PI-1
and anti-PI-3) (ECOlab, Russia).

The conjugate to human immunoglobulins from DS-
ELISA-ANTI-HSV-1,2-G,  DS-ELISA-ANTI-CMV-G,
and DS-ELISA-ANTI-EBV-VCA-G, and ELISA-Para-
influenza-1-IgG reagent kits was compared through
testing reactive and non-reactive serum panels with the
conjugate to monkey immunoglobulins RABBIT AN-
TI-MONKEY IgG (MERCK, USA) in dilutions ranging
from 1 : 2500 to 1 : 200,000, depending on the test. The
average optical density values at the wavelength of 450 nm
(OD,,), which were obtained in tests with both conjugates,
were compared using the Mann—Whitney U test.

The detection of the antigen of the group A rotavirus
was performed in fecal samples using a commercial ELI-
SA-Rota-Ag reagent kit (Vector Best, Russia).

The ELISA results were read and calculated on an
ImmunoChem-2100 spectrophotometer (Intermedica,
USA). The calculated results were expressed in OD,;,
units; additionally, for HSV, OD450 was expressed in
titers, and for CMV — in IU/ml.

Nucleic acids were extracted from the 10% fecal
suspension using a RIBO-prep kit (InterLabService,
Russia) in accordance with the manufacturer’s instruction.

The polymerase chain reaction (PCR) was used to
detect adenovirus DNA in fecal samples from monkeys
with application of primers for the hexon gene of
the most medically important human adenoviruses
of groups A-F [21]. The results were analyzed by
electrophoresis of PCR products using a reagent kit for
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electrophoretic detection (InterLabService, Russia).
The amplicons were purified from agarose gel using the
QIAquick Gel Extraction Kit (Qiagen, Germany) and
Sanger sequencing was performed using an automated
ABI 3500 genetic analyzer (ABI, USA) and a Big Dye
Terminator v. 3.1 reagent kit in accordance with the
manufacturer’s protocol.

The derived nucleotide sequences were aligned
with each other and with the respective regions of full
or partial adenovirus genome sequences available in
GenBank at the time of the study using the MEGA X
software. The phylogenetic analysis was conducted
to confirm the specificity and to identify adenovirus
species using the current-year ICTV classification for
the genus Mastadenovirus. The phylogenetic tree was
constructed using the PhyML 3.3 software based on the
ML (maximum likelihood) method. The resulting tree
was visualized using FigTree v1.4.4.

The detection of genetic material of the causative
agents of Ebola and Marburg hemorrhagic fevers and
the LCM virus was performed in serum samples using
the PCR test at the Institute of Chemical Biology and
Fundamental Medicine (Novosibirsk) as part of the
commercial research.

The obtained results were statistically analyzed
using standard methods and the GraphPad statistical
analysis software. The statistical analysis of the results
included calculation of the mean values, calculation
of a 95% confidence interval (95% CI), evaluation of
the significance of differences in mean values in the
compared groups using Fisher’s exact test (differences
were considered significant at 95% probability,
p <0.05).

Results

Comparative analysis of optical density values in
detection tests for antibodies to viruses using ELISA
reagent kits with two types of conjugates

To compare the efficacy of detection of antibodies to
anthroponoticvirusesusing ELISAwithdifferentsecondary
antibodies, we conducted parallel tests with conjugates
to human immunoglobulins from the commercial kit and
conjugates to monkey immunoglobulins. For testing, we
used monkey serum panels reactive and non-reactive in
the respective kits using secondary antibodies to monkey
immunoglobulins. As can be seen in Table 1, the average
OD,,, values obtained when using conjugates to human
immunoglobulins from the commercial reagent kits for
detection of antibodies to herpesviruses and PI-1 and
conjugates to monkey immunoglobulins did not differ
significantly (> 0.05, the Mann—Whitney U test), thus
demonstrating the interchangeability of the conjugates
and the possibility of using conjugates from the reagent
kits in further tests for the above markers. The samples
that were non-reactive for anti-EBV were an exception:
For them, the average OD,,, values were significantly
lower with conjugates from the reagent kits. This speaks
in favor of the conjugate from the commercial DS-ELISA-
ANTI-EBV-VCA-G kit compared to the RABBIT ANTI-
MONKEY IgG conjugate, which produces a background
in non-reactive samples even at a working dilution
of 1:200,000.

Some of the examined animals were tested positive
for markers of 6 of 11 target viruses (HSV, CMV, EBY,
PI-1, enteric adenovirus, rotavirus). Table 2 summarizes
detection rates for markers of anthroponotic viral

Table 1. Comparative analysis of mean optical density values when detecting antibodies to herpes viruses and parainfluenza 1 virus using
conjugates from commercial ELISA Kits and anti-monkey secondary antibodies

Tabnuya 1. CpaBHUTEIBHBI aHAJIN3 CPETHUX 3HAYEHHIT ONTHYECKOH MIIOTHOCTH MPH ONpeeeHUN aHTUTeJI K TepIecBHpycaM U BUPYCY
naparpunna 1-ro THna ¢ HCHoJIb30BaHHEM KOHBIOTaTOB U3 KOMMepPYeCKHX TeCT-CHCTeM U KOHBIOraTOB K HMMYHOIJIOOYJIMHAM 00€3bsIH

HSV-1,2/BIII-1,2 CMV/1IMB EBV /B3b PI-1/PI-1
Parameter test system moqkey test system moqkey lg test system mon‘key test §ystem monk cy
. Ig conjugate . conjugate . Ig conjugate | conjugate | Ig conjugate
IMapamerp conjugate conjugate conjugate
KOHBIOTaT KOHBIOTAT KOHBIOTaT KOHBIOTaT KOHBIOTaT
KOHbiorar Kk Ig o6e3bsan HOHBEOTaT K Ig 06e3psaH KOHBEOTaT Kk Ig o6e3bsan TecT- K Ig 06e3psaH
TECT-CHCTEMBI 1-50000 | TecT-cucTeMbl 1-50000 TECT-CUCTEMBI 1-200 000 cHCTeMBI 12500
Average OD, values 1.722% 1.199* 1.257* 1.251* 1.835%* 1.619* 1.331* 1.019*
for reactive samples
(n=3)
Cpennune 3HaUCHUS
OIT 4150 7151 PEAKTHB-
HBIX 00pa3moB (n = 3)
Average OD, 0.104* 0.146* 0.113%* 0.150* 0.129%** 0.481%** 0.348* 0.331*

values for non-reac-
tive samples (n = 3)
CpeaHue 3HauCHUS

oIl 4150 JUISL HEPEAKTHUB-
HBIX 00pa3uoB (n = 3)

Note. P values were obtained by comparing the mean OD,; values between the two conjugates using the Mann-Whitney U test; * — p values > 0.05 for
comparative analysis; ** — p values < 0.05 for comparatlve analysis.

IIpumeuanue. 3Ha4eHus p TONyEHbI IPU CPaBHEHNHK cpeanni 3uauenni Ol ) Mexay nByms KOHbIOTaTaMu ¢ UCnosb3oBanreM U-kputepus Manna —
Vurhu; * — 3Hauenust p > 0,05 npu cpaBHUTEILHOM aHanmu3e; ** — 3HaYCHUS p < 0,05 mpu cpaBHUTEITHHOM aHAIIU3E.
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infections in vervet monkeys imported from their natural
habitats (Tanzania).

Hemorrhagic fevers

Since Marburg and Ebola viral hemorrhagic fevers are
endemic in the African continent and pose a serious threat
to humans, and LCMYV, though carried asymptomatically
by its natural hosts — rodents, can also cause severe viral
hemorrhagic fever in monkeys and humans, the imported
animals have been tested for the presence of these
pathogens. The PCR test of serum samples did not detect
any genetic material of these pathogens.

Virus hepatitis

Although hepatitis C is an anthroponotic infection,
antibodies to structural (core) and non-structural (NS3,
NS4, NS5) HCV proteins as well as IgM antibodies to the

OPUTUHAJbHbBIE NCCNEAOBAHUA

core protein were earlier detected in Old World monkeys
of the genus Macaca, thus implying their possible
infection with this virus or a virus antigenically similar
to HCV [22]. Therefore, all the imported animals were
tested for the presence of anti-HCV; however, no positive
samples were detected.

Herpesvirus infections

The tests for herpesvirus infections in the green
monkeys detected anti-HSV-1,2-IgG and anti-CMV-IgG
at similar frequency rates — 15.9% (95% CI, 7-30%).
Only one animal was tested positive for both infections.
IgG antibodies to EBV were also detected in 14 (31.8%)
of 44 green monkeys (95% CI, 19-48%), exceeding
the detection frequency of antibodies to the two earlier
mentioned viruses 2 times; however, the difference was not
significant (p > 0.05). The anti-HSV-1,2 titers in positive

Table 2. 1dentification of markers of anthroponotic viral infections in vervet monkeys

Tabnuya 2. BoisiBlieHHe MapKepOB AHTPONOHO3HBIX BUPYCHBIX HH(peKI Ui Yy 3eJIeHbIX MapThILeK

Ne Virus Marker Number of positive samples/of examined samples o CI95%
h Bupyc Mapkep KondaecTBo MO3UTHBHEIX/UCCIIEOBAHHBIX 00pa3oB ° 95% a1
Hemorrhagic fevers / F'emopparuyeckue JJMX0pagKu
1  Ebola virus RNA 0/75 0 -
Bupyc D6ona PHK
2 Marburg virus RNA 0/75 0 -
Bupyc Map0Oypr PHK
3 Lymphocytic choriomeningitis virus (LCMV) RNA 0/75 0 -
Bupyc nmumponuTapHOro XOpHOMEHHHTUTA PHK
(JIXM)
Viral hepatitis / BupycHble rematutbl
4 Hepatitis C virus (HCV) Anti-HCV* 0/44 0 -
Bupyc renarura C (BI'C) Antu-BI'C*
Herpesvirus infections / I'epnecBupycHble HHpeKIUH
5 Herpes simplex virus types 1 and 2 (HSV-1,2) Anti-HSV-1,2 IgG 7/44 15.9 7-30
Bupyc npocroro repneca 1-ro u 2-ro TUNoB Antu-BIIl-1,2 IgG
(BIIT'-1,2)
6  Cytomegalovirus (CMV) Anti-CMV IgG 7/44 15.9 7-30
Huromeranosupyc (LIMB) Antu-1IMB IgG
7  Epstein—Barr virus (EBV) Anti-EBV IgG 14/44 31.8 19-48
Bupyc Dnmretina—bapp (BOB) Antn-BOb IgG
Respiratory viral infections / PeciupaTropHble BUpycHbIe HH(EKIHTH
8  Parainfluenza 1 virus (PI-1) Anti-PI-1 IgG 3/44 6.8 1-19
Bupyc naparpunmna 1-ro tuna (PI-1) Anrtu-PI-1 1gG
9  Parainfluenza 3 virus (PI-3) Anti-PI-3 IgG 0/44 0 -
Bupyc naparpunmna 3-ro tuna (PI-3) Amntu-PI-3 IgG
Intestinal viral infections / Kumeunsie BupycHbie ungekuuu
10 Group A rotavirus Antigen 3/21 14.3 3-36
PoraBupyc rpynmnsr A Anturen
11 Group A-F adenovirus DNA 31/33 94 79-99
Anenoupycel rpynn A-F JIHK

Note. * — a test system was used to detect total antibodies to HCV.

IIpumeuanue. * — NCIIONBL30BAIACh TECT-CUCTEMA JIsl BBISIBICHUs CyMMapHbIX anTuten k BI'C.
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seraranged from 1 : 100 to 1 : 400, and the geometric mean
titer was 1 : 149. The anti-CMV concentrations ranged
from 0.41 to 3.63 IU/ml; the geometric mean antibody
concentration was 0.91 IU/ml and the mean OD, of
antibodies to EBV was 0.953 (0.296-3.192 OD

450) :
Respiratory viral infections

The tests for respiratory viruses in the monkey sera
detected only antibodies to PI-1 — 6.8% (95% CI, 1-19%;
n = 44), while anti-PI-3 antibodies were not detected in
the tested animals.

Enteric viral infections

Addressing enteric viral infections in green monkeys,
we performed tests for the presence of rotavirus group A
antigen and adenoviral DNA. The rotavirus antigen was
detected in 14.3% (95% CI, 3-36%; n = 21) of animals,
while the adenoviral DNA was detected in 94% (CI 79—
99%; n =33).

The specific detection of adenoviral DNA using primers
targeting adenovirus hexon gene involved sequencing of
amplified fragments 300 nucleotides long. The BLAST-
based search in the NCBI database confirmed that the
amplified sequences belonged to the hexon-coding region
ofthe adenovirus genome (genome positions 1712417424,
numbering for strain KP329566 Simian mastadenovirus F).
The sequences were deposited into the GenBank database
(OR283197-283205); the phylogenetic analysis confirmed
that the tested samples belonged to the genus Simian
mastadenovirus (the family Adenoviridae), though we were
not able to identify the species. In future, for the purpose
of more accurate identification of the virus, we will use
a set of primers that are needed to obtain the nucleotide
sequence of the entire hexon gene. It should be noted that
the animals tested positive for adenovirus infection did not
have any clinical symptoms of enteric infection.

Discussion

The comparative analysis of mean ELISA optical
density values for reactive and non-reactive samples
using monkey immunoglobulin secondary antibodies and
conjugates from the test systems represented by human
immunoglobulin secondary antibodies demonstrated their
interchangeability and the possibility to use test-system
conjugates for screening of monkey sera for antibodies
to herpesviruses and PI-1. Therefore, further tests were
performed using conjugates from the respective test
systems in accordance with the manufacturer’s protocols.

Markers for 6 of 11 studied viruses (HSV, CMV, EBY,
PI-1 virus, enteric adenovirus, rotavirus) were detected
among the examined animals.

Enteric infections are a major cause of morbidity and
mortality in humans and animals, including monkeys.
Although the gastrointestinal bacterial and parasitic
pathogens and their etiological role have been thoroughly
studied, there is little information about the epidemiology
and spread of viral agents as well as their role in diarrheal
diseases in monkeys [13].

The phylogenetic analysis of sequences of the
isolated simian adenovirus of the genus Mastadenovirus
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apparently implies that this infection, which is not
anthroponotic, circulates among animals in their natural
habitats. As can be seen in the figure, all sequences differ
significantly, thus providing evidence of the circulation
of the above adenovirus among green monkeys in their
natural habitats rather than of the infection from a single
source during the quarantine or during the transportation
of the captured animals. It should also be noted that
the high rate of detection of asymptomatic adenovirus
infection in monkeys and the confirmed zoonotic
transmission require adoption of precautions in handling
and maintaining primates [23, 24]. In addition, vaccine
vectors derived from simian adenoviruses provide an
alternative to human adenovirus vaccine vectors [25].
The detection of the rotavirus antigen in 3 animals, along
with the published data of the studies [26, 27], proves
that group A rotaviruses circulated among monkeys
in their natural habitat, since the infection with these
viruses during the quarantine or transportation would
have resulted in an outbreak involving a large number
of animals, considering the transmission route of the
infection, as it was described previously during the HAV
outbreak among these animal species [6].

Simian herpesviruses are evolutionarily closely
related to human herpesviruses. Human HSV
types 1 and 2 are evolutionarily related to macaque herpes
B virus (Cercopithecine herpesvirus 1) and to green
monkey herpesvirus 2 (Cercopithecine herpesvirus 2);
human CMYV - to rhesus macaque CMV (Cercopithecine
herpesvirus 8); human EBV — to rhesus macaque EBV-
like virus (Cercopithecine herpesvirus 15) [28]. Some
of these simian viruses pose a threat to humans. Among
them, special attention should be given to green monkey
herpesvirus 2 also known as SA8 (simian agent 8) first
isolated from green monkeys and closely related to
macaque herpes B virus, the infection with which has
been described in humans, including the manifestation of
clinical symptoms [8].

The detection of IgG antibodies to herpesviruses in
the monkeys on the 23rd day after their admission,
considering the minimum contact of the animals with
people while staying at the quarantine facility, suggests
that the monkeys were infected with simian herpesviruses
intheirnatural habitat. This is also confirmed by published
studies describing the circulation of herpesviruses among
monkeys of different species in their natural habitats
[8,28]. In addition, the average antibody titers and OD, |
values in the monkey sera reactive to herpesviruses
were ten times as low as the average optical density
values observed in human sera reactive to these viruses
[29, 30]. Considering the comparative effectiveness of
detection of monkey immunoglobulins using human and
monkey conjugates, such differences in optical density
values can be explained by the possible antigenic cross-
reactivity between monkey herpesviruses and human
herpesviruses in ELISA, as it was described in published
studies [8]. Thus, the detection results for antibodies to
herpesviruses in monkey sera can apparently be seen as
detection of antibodies to simian homologs of human
herpesviruses.
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Figure. Phylogenetic tree for the nucleotide sequences of the adenovirus genome region encoding the 281 nt hexon protein (genome posi-
tions 17 122—17 403 , numbering according to strain KP329566. Simian mastadenovirus F). The tree was built using the maximum likelihood
method. Branches with > 90% confidence are highlighted in red.

Pucynok. ®unoreHernyeckoe qepeBo s HYKJICOTHAHBIX TOCIEI0BATENLHOCTEH yuacTKa TeHOMa aIcHOBHUpYca, Koaupyromero 6enok hexon
BenuunHOM 281 HT (mo3uruu reHoma 17 122—17 403, aymepanus no mrammy KP329566. Simian mastadenovirus F). JlepeBo moctpoeHo
METOJIOM MaKCHMAJBHOTO MpaBaononoous. KpacHeIM LIBETOM BBIICTICHBI BETBH C JOCTOBEPHOCTHIO Oosee 90%.

Since the monkeys housed in the nursery of the Research
Institute of Medical Primatology and born after 1992 do not
have antibodies to the measles virus, thus being at risk of
acquiring infection from imported animals, monkeys must
be held in quarantine within the required period both in
exporting and importing countries. Imported monkeys must
also be tested for measles virus-specific IgM antibodies that
indicate the recent infection. Close attention should be given
to screening for markers of PI-3, which is associated with
the pathology of the respiratory tract in baboons [10, 31, 32],
while we have not found any published data on the role of
PI-1 in the pathology of the respiratory tract in monkeys.
Nevertheless, the detection of anamnestic antibodies to
this virus in 3 animals most likely implies that it circulates
among communities the captured monkeys were from, as
the infection with this virus during the quarantine would
have caused an outbreak among a larger number of animals,
similar to infections caused by enteric viruses.

Conclusion

The obtained results highlight the significance of regular
screening of monkeys housed in primate centers for markers

of anthroponotic and zoonotic infections, including other
measures aimed at prevention of any potential risk of
virus circulation and cross-species transmission of viruses.
The identification of new viruses among monkeys will
help improve diagnostic tests of viral agents and their
association with pathologies in monkeys.

Today, most primate research centers generally
test imported animals upon their arrival at quarantine
facilities for tuberculosis and latent viral infections to
confirm their SPF status. The results of our study prove
the critical importance of expanded screening for viral
infections considering the epidemiological situation both
in an importing country and an exporting country.

In addition, vaccination of staff members is required
to confer protective immunity and to reduce the risk
of transmission of socially significant infections from
humans to monkeys and vice versa.
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