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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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Резюме
Введение. Приматы, наряду с грызунами и летучими мышами, наиболее часто оказываются резервуаром и 
источником зоонозных вирусных инфекций. Кроме того, у диких обезьян и у приматов, содержащихся в не-
воле, выявляют различные человеческие вирусы. Изучение вирусного разнообразия у обезьян необходимо 
для ограничения потенциальной передачи вирусов между людьми и приматами разных видов. 
Целью работы являлось изучение маркеров антропонозных вирусных инфекций у зеленых мартышек вер-
вет (Chlorocebus pygerythrus), поступивших из мест естественного обитания (Танзания).
Материалы и методы. Образцы фекалий (n = 56) и сывороток крови (n = 75), полученные от 75 живот-
ных на 10-е и 23-и сутки соответственно после поступления в приматологический центр, были протести-
рованы на наличие маркеров антропонозных вирусных инфекций (вирус Эбола, вирус Марбург, вирус 
лимфоцитарного хориоменингита (ЛХМ), вирус гепатита С (ВГС), вирус простого герпеса 1-го и 2-го типов 
(ВПГ-1,2), цитомегаловирус (ЦМВ), вирус Эпштейна–Барр (ВЭБ), вирус парагриппа 1-го и 3-го типов, ки-
шечный аденовирус, ротавирус) с применением методов иммуноферментного анализа и полимеразной 
цепной реакции. 
Результаты и обсуждение. У обследованных животных были обнаружены маркеры 6 из 11 исследован-
ных вирусов. Среди маркеров герпесвирусных инфекций IgG-антитела к ВПГ-1,2 (15,9%) и ЦМВ (15,9%) 
выявлялись в 2 раза реже, чем к ВЭБ (31,8%). Среди маркеров респираторных вирусных инфекций были 
обнаружены IgG-антитела к вирусу парагриппа 1-го типа (6,8%). Среди маркеров кишечных вирусных ин-
фекций у 14,3% животных был обнаружен антиген ротавируса, а у 94% – ДНК аденовируса обезьян. Марке-
ры геморрагических лихорадок Эбола, Марбург, ЛХМ, ВГС, а также парагриппа 3-го типа выявлены не были.
Заключение. При импорте обезьян из разных регионов мира необходима система скрининга вирусных 
инфекций с учетом эпидобстановки как в стране импорта, так и в стране экспорта.

Ключевые слова: зеленые мартышки; геморрагические лихорадки; вирусные гепатиты; герпесвирусные 
инфекции; респираторные вирусные инфекции; кишечные вирусные инфекции; ИФА; ПЦР
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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 

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 Côte 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). 

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 10th 
day, and serum samples (n = 75) were collected on the 23rd 
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 (LCMV), 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 
(OD450), 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 OD450 
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 

anthroponotic viruses using ELISA with different secondary 
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 
OD450 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 OD450 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, EBV, 
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
Таблица 1. Сравнительный анализ средних значений оптической плотности при определении антител к герпесвирусам и вирусу 
парагриппа 1-го типа с использованием конъюгатов из коммерческих тест-систем и конъюгатов к иммуноглобулинам обезьян 

Parameter
Параметр

HSV-1,2 / ВПГ-1,2 CMV / ЦМВ EBV / ВЭБ PI-1 / PI-1

test system  
conjugate
конъюгат  

тест-системы 

monkey  
Ig conjugate
конъюгат 

к Ig обезьян 
1 : 50 000

test system 
conjugate
конъюгат 

тест-системы

monkey Ig 
conjugate
конъюгат 

к Ig обезьян 
1 : 50 000

test system 
conjugate
конъюгат 

тест-системы

monkey  
Ig conjugate
конъюгат 

к Ig обезьян 
1 : 200 000

test system 
conjugate
конъюгат 

тест- 
системы

monkey  
Ig conjugate
конъюгат 

к Ig обезьян 
1 : 2500

Average OD450 values 
for reactive samples 
(n = 3)
Средние значения 
ОП450 для реактив-
ных образцов (n = 3)

1.722* 1.199* 1.257* 1.251* 1.835* 1.619* 1.331* 1.019*

Average OD450  
values for non-reac-
tive samples (n = 3)
Средние значения 
ОП450 для нереактив-
ных образцов (n = 3)

0.104* 0.146* 0.113* 0.150* 0.129** 0.481** 0.348* 0.331*

Note. P values were obtained by comparing the mean OD450 values between the two conjugates using the Mann–Whitney U test; * – p values ≥ 0.05 for 
comparative analysis; ** – p values ≤ 0.05 for comparative analysis. 
Примечание. Значения р получены при сравнении средний значений ОП450 между двумя конъюгатами с использованием U-критерия Манна – 
Уитни; * – значения р ≥ 0,05 при сравнительном анализе; ** – значения р ≤ 0,05 при сравнительном анализе.
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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 

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 LCMV, 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 

Table 2. Identification of markers of anthroponotic viral infections in vervet monkeys
Таблица 2. Выявление маркеров антропонозных вирусных инфекций у зеленых мартышек

№ Virus
Вирус

Marker
Маркер

Number of positive samples/of examined samples
Количество позитивных/исследованных образцов % CI 95%

95% ДИ 

 Hemorrhagic fevers / Геморрагические лихорадки

1 Ebola virus
Вирус Эбола

RNA
РНК

0/75 0 –

2 Marburg virus
Вирус Марбург

RNA
РНК

0/75 0 –

3 Lymphocytic choriomeningitis virus (LCMV)
Вирус лимфоцитарного хориоменингита 
(ЛХМ)

RNA
РНК

0/75 0 –

 Viral hepatitis / Вирусные гепатиты 

4 Hepatitis C virus (HCV)
Вирус гепатита С (ВГС)

Anti-HCV*
Анти-ВГС* 

0/44 0 –

Herpesvirus infections / Герпесвирусные инфекции

5 Herpes simplex virus types 1 and 2 (HSV-1,2)
Вирус простого герпеса 1-го и 2-го типов 
(ВПГ-1,2)

Anti-HSV-1,2 IgG
Анти-ВПГ-1,2 IgG

7/44 15.9 7–30

6 Cytomegalovirus (CMV)
Цитомегаловирус (ЦМВ)

Anti-CMV IgG
Анти-ЦМВ IgG

7/44 15.9 7–30

7 Epstein‒Barr virus (EBV)
Вирус Эпштейна‒Барр (ВЭБ)

Anti-EBV IgG
Анти-ВЭБ IgG

14/44 31.8 19–48

Respiratory viral infections / Респираторные вирусные инфекции

8 Parainfluenza 1 virus (PI-1)
Вирус парагриппа 1-го типа (PI-1)

Anti-PI-1 IgG
Анти-PI-1 IgG

3/44 6.8 1 – 19

9 Parainfluenza 3 virus (PI-3)
Вирус парагриппа 3-го типа (PI-3)

Anti-PI-3 IgG
Анти-PI-3 IgG

0/44 0 –

Intestinal viral infections / Кишечные вирусные инфекции

10 Group A rotavirus
Ротавирус группы А

Antigen
Антиген

3/21 14.3 3 – 36

11 Group A–F adenovirus
Аденовирусы групп A–F

DNA
ДНК

31/33 94 79 – 99

Note. * – a test system was used to detect total antibodies to HCV.
Примечание. * – использовалась тест-система для выявления суммарных антител к ВГС.
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sera ranged 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 OD450 of 
antibodies to EBV was 0.953 (0.296–3.192 OD450).

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 
of the adenovirus genome (genome positions 17124–17424, 
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, EBV, 
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 

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 CMV – 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 
in their natural 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 OD450 
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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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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