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SUMMARY

Staphylococcus aureus (S. aureus) is a microorganism that causes a great number of diseases in humans and animals, including sepsis, pneumonia, food toxico-
infections, wound abscess, etc. Numerous studies on genotyping S. aureus strains isolated from humans, food and mastitis in cattle and small ruminants have been
carried out. The lack of information on the genotyping of methicillin-susceptible S. aureus detected in monkeys served as a stimulus to conduct a similar research,
since staphylococcal infections in the primates are widespread. The present study is devoted to molecular genetic testing of S. aureus isolated from different biological
samples taken from monkeys and is based on typing of agr polymorphic locus which acts as a regulator of pathogenic gene expression. As a result of PCR analysis
of 301 S. aureus isolates it was established that most of S. aureus belonged to agr IV (55%), and agr | (34%) was the second most group. Data resulting from the
study differ from the results of other researchers published in literary sources, who performed typing of Staphylococcus isolated from people with agr | prevailing.
In conducting the study, neither distinct correlation between microbial isolation source and agr complex groups, nor relationship between the diseases and S. aureus
group specificity were detected. Prevalence ratio of each agr group is nearly similar in . aureus isolated from rhesus macaques and crab-eating macaques. But in
hamadryas baboons and green monkeys Il and Il groups of agr complex were not detected.
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PE3IOME

Staphylococcus aureus (S. aureus) — MKPOOPraHIU3M, Bbi3blBatoLLyil 60MIbLLOE KONMYECTBO 3a6011€BaHNI Y YeNoBEK U KUBOTHBIX, BKNOUAA CENCUC, MTHEBMOHUM,
nuLLeBble TOKCUKOMHOEKLMM, HarHoeHe paH 1 Apyrute. Mo reHoTUNMPOBAHUI LITAMMOB S. dureus, BbIAENEHHbIX Y Niofiedd, U3 NULLEBbIX NPOAYKTOB U NpU Ma-
CTUTaX Y KPYMHOrO 1 MEKOTo POraToro CKOTa, NpoBeeH0 MHOTO CCIei0BaHNiA. OTCYTCTBIE LAaHHbIX N0 TUMMPOBAHMI) METULMIIH-YYBCTBUTENbHBIX S. aureus,
06HapyeHHbIX y 06e3bAH, N0OYAUN0 NPOBECTU aHANOTUYHOE UCCNEL0BAHME, MOCKONbKY MHOEKLMM CTaGUNOKOKKOBOI NPUPOADI Y NPUMATOB LLNPOKO pacnpo-
TpaHeHbl. HacToAwwad pabota nocasALeHa MoneKynApHo-TeHeTUYeCKOMY UCCTIE0BAHIK S. aureus, N30IMPOBAHHbIX U3 PasHbIX buonoruyeckux 0bpasuos ot
00€3bsIH, Ha 0CHOBE TUNMPOBAHNA MONMMOPGHOT0 NIOKYCa dgr, ABNALLEr0CA perynaTopoM IKCIPeCcu reHoB NaToreHHoCTY. B pe3ynbTaTe MccneoBaHNA METOLOM
nonvMepasHoii LenHoi peakumn 301 nonara S. aureus yctaHoBAEHO, UTo 60NBLIMHCTBO S. aureus oTHoCMA0Cb K rpynne agr IV (55%), Ha BTopom MecTe no pac-
NpOCTPaHeHHOCTI 0Ka3anca agr | (34%). MonyueHHble B Xofie UCCNIeI0BAHIA JaHHbIe OTINYAIOTCA OT OMY6NMKOBAHHbIX B INTEPATYPHbIX MCTOUHMKAX Pe3yNbTaToB
ApYruX UccnefoBatenet, KOTopble IPOBOANAM TUMMPOBAHIE CTAQUIOKOKKOB, BbIAENEHHDIX OT 10eld, y KOTOpbIX npeBanupyet agr . Mpu npoBeAeHnN paboTbl He
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BbIABIIEHO YETKOI KOPPeNALYN Mexy MCTOYHUKOM BblAeneHna MKpoba v rpynnamm KOMIAeKCa agr, a Takxe He 0TMeYeHa (BA3b Mexay 3abonesaHuamiu v npu-
HaNeXHOCTbH0 S. aureus K onpeeneqHoli rpynne. COOTHOLLEHNA PaCIPOCTPAHEHHOCTI KaX 30l FPYNNbl agr NPUMEPHO OAMHAKOBbI Y S. aureus, 30AMPOBAHHbIX
Y MaKaKoB-pe3yCoB 11 MaKaKoB ABAHCKIAX, HO Y MaBUAHOB ramaspuos 1 MapTbiluek 3enenbix Il u Il rpynnbl Komnaekca agr He 06HapyKeHbl.

KnioueBbie cnosa: 06e3baHbl, Staphylococcus aureus, KoMnaekc agr, rpynnbl 1 annenu agr.
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INTRODUCTION

Infections caused by Staphylococcus aureus (S. aureus)
play a significant role in veterinary science and medicine.
Although S. aureus is a commensal microbe first of all, it
can also cause a wide spectrum of diseases in humans and
animals, which can significantly vary in their severity (skin
infections, meningitis, endocarditis, osteomyelitis, bac-
teremia, toxic shock syndrome, food poisoning, mastitis,
abscess, pneumonia, etc.). Being a zoonotic pathogen, it
is responsible for infectious diseases characterized by sep-
ticemia and sepsis [1]. S. aureus has developed a complex
regulatory network for control of virulence factors’produc-
tion in order to survive and adapt to different ecological
niches. One of the main functions of this interrelated net-
work is the perception of different environmental signals
and reaction by changing the production of virulence
factors essential for survival in host, including cell-surface
adhesins, extracellular enzymes and toxins. Accessory
gene regulator (agr) system is considered to be the most
investigated. It represents a gene cluster which regulates
the expression of different housekeeping genes, various
virulence factors and adhesive proteins recognizing the
macromolecules of host cells and is also involved in quo-
rum sensing. Agr locus is characterized by the polymor-
phism of its autoinducing peptide (AIP). Four main agr
groups (I, II, 11, IV) can be distinguished according to their
variable regions upon which agr-typing is based [2-4]. It
is established by the molecular genetic testing that agr
groups are spread in different geographic zones, but at the
same time detection of the prevailing groups may vary in
each region [3].

There s little information available in literature on inves-
tigation of S. aureus isolated from animals. S. Monecke et al.
provide data on S. aureus research in wild and exotic an-
imal species, being kept in captivity [5]. In some cases,
the molecular typing proved that human strains were
transmitted to these animals. Many studies are devoted
to the genetic peculiarities of S. aureus recovered in bo-
vine mastitis [6-11]. Molecular genetic testing of S. aureus
isolated from monkeys is performed at Adler monkey
farm relatively recently [12-14]. No studies on agr-typing
of S. aureus isolated from monkeys have been carried out
abroad. Thus, given the important role of agr genes, this
study was aimed at detection and identification of agr
groups of S. aureus isolates recovered from different bio-
logical samples taken from monkeys.

MATERIALS AND METHODS

Recovery and identification of bacterial isolates. S. aureus
isolates (301 isolates) recovered from different monkey spe-
cies kept at Adler monkey farm are included in the study.
S.aureus isolates were recovered from feces (n =62) and nasal
mucosa (n = 32) of live animals and from different organs of
dead animals: lungs (n = 101), liver (n = 36), spleen (n = 26),
kidneys (n=17), lymph nodes (n=27). For the purpose of the
study, lungs were taken from monkeys died of pneumonia,
and other organs - from monkeys with intestinal diseases.

Bacteriological and biochemical testing using standard
methods were carried out for staphylococci isolation, as
previously described [13, 14]. Identification was performed
based on morphological, tinctorial and biochemical proper-
ties. Species identification was performed using commercial
tests systems “Multimicrotests for biochemical identifica-
tion of staphylococci (MMT C)” (NPO “Immunotex”, Russia).

S.aureus strain DNA extraction. Total staphylococci DNA
extraction was performed from bacterial suspensions pre-
pared from day-old agar S. aureus cultures and suspended
with 100 pl of NaCl solution using DNA-sorb-B reagent kit
(InterLabService Ltd., Russia) according to the manufac-
turer’s instruction.

S. aureus mecA gene detection with PCR. Polymerase
chain reaction with hybridization-fluorescence detection
was carried out using commercial AmpliSens® MRSA-
screen-titre-FRT test system (InterLabService Ltd., Russia)
in Rotor-Gene fluorescence-detecting thermocycler (USA)
according to the attached instruction.

Agr complex allele detection and typing. Agr-typing of
specific groups was performed using primers described
in the scientific publications [4], and designed by the Ev-
rogen (Russia) (Table 1).

Ready-to-use ScreenMix-HS amplification mixes (Evro-
gen, Russia) were used for multiplex PCR; final volume -
25 ul for the reaction. Amplification was performed in “Ter-
cyc”thermocycler (Company DNA-Technology LLC, Russia)
according to the following programme: predenaturation —
at 95 °C for 5 min; denaturation - at 95 °C for 10 sec, an-
nealing - at 50 °C for 10 sec, prolongation - at 72 °C for
20 sec (32 cycles) and final elongation — at 72 °C for 5 min.

Gel-electrophoresis. Amplification products were visu-
alized with 1.2% agarose gel electrophoresis stained with
ethidium bromide solution at voltage gradient of 90 V.
Amplicon sizes were determined using 100-1200 base
pair DNA marker (Evrogen, Russia).
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Table 1
Agr locus genes and primers used in the analysis

Tabnuua 1
TeHbl NoKyca agr v npaiimepbl, MCNONb30BaHHbie B UCCNEf0BaHNM

Gene/locus 5'-3"Sequence

agrloci (agrB)

Amplicon (base pairs)

F: ATGCACATGGTGCACATGC “

R: TATTACTAATTG AAA AGT GGC CAT AGC

R: CGATAATGCCGTAATACCCG

RESULTS AND DISCUSSION

S.aureus isolates (301) were identified using phenotypic
and biochemical tests. All tested cultures demonstrated
hemoltical and lecithinase activity, fermented mannitol
under anaerobic conditions, coagulated rabbit plasma.
The results obtained completely matched (100%) the
results of PCR with hybridization-fluorescence detection,
which confirmed Staphylococcus type and showed the lack
of mecA gene isolates in the genome, i.e. all the cultures
were methicillin-susceptible (MSSA).

As a result of agr-typing, most of MSSA were attribu-
ted to agr group IV (55%). Agr | (34%) was the second fre-
quent type. Detection frequency of other groups was far
below (Table 2).

As Table 2 shows, agr complex allele IV dominated al-
most in all MSSA isolates recovered from the organs of
dead monkeys, fecal and nasal cultures. Frequency of its
detection varied from 41% in S. aureus isolated from kid-
neys to 61% in S. aureus isolated from the lymph nodes.
However, no allele lll was detected in 27 S. aureus isolates
recovered from the lymph nodes.

Agr IV group also prevailed in MSSA isolated from mon-
keys of the following species: macaque (rhesus macaque,
crab-eating macaque) and hamadryas baboons (Table 3).

Table 2

No agr complex groups Il and lll were detected in S. aureus
recovered from hamadryas baboons and green monkeys.
Asitis known, S. aureus is a commensal microorganism

of mammal microbiota, but at the same time it expres-
ses different pathogenicity factors becoming the cause

of various hospital-acquired and community-acquired in-
fections. Secretion of various surface cell proteins, toxins

and adhesins is regulated by agr locus. Method of S. aureus

classification on the basis of agr-typing was firstly used by

P. Dufour et al. [2], who divided isolates of this microbe

into four groups. This division is based on agrC gene en-
coding the autoinducing peptide receptor and agrD gene

encoding the autoinducing peptide [2, 4]. S. aureus strains

recovered from humans are characterized by four agr sys-
tem allele groups connected with the genetic background

and presence of the pathogenicity factors [15]. However,
the relative distribution of agr groups in S. aureus isolates

recovered from monkeys is still unknown.

Numerous studies have established that different agr
groups may be associated with certain virulence fac-
tors and diseases caused by S. aureus [1, 15, 16]. It was
determined that S. aureus isolates recovered from hu-
mans, belonging to agr | represent a group consisting
of hospital-acquired and community-acquired isolates,

S. aureus isolates belonging to agr groups according to the isolation source

Ta6nuua 2

ﬂpwuaunemuocrb M30NIATOB S. aureus K agr-rpynnam B 3aBUCUMOCTU OT UCTOYHKKA Bblfie/ieHnA

Source of isolation

Number of isolates according to agr groups, n (%)

Lymph node

o w0 | - | e

16 (26%) 8(13%) 3(5%) 35 (56%)
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Table 3
Agr group distribution in S. aureus isolates obtained from different monkey species

Tabnuua 3
PacnpoctpaHeHue agr-rpynn y u3onaToB S. aureus, Nony4eHHbIX OT Pa3NUYHbIX BUROB 06€3bAH

Number of isolates according to agr groups

Monkey species

Rhesus macaque 39 7 3 64 13
(rab-eating macaque 32 N 7 55 105
Southern pig-tailed macaque 3 2 1 4 10
Green monkey 4 - - 5 9
Anubis baboon 5 1 1 8 15
Hamadryas baboons 15 - - 25 40

Bear macaque 2 1 - - 3

Capuchin monkey 1 = = 2 3

Patas monkey 2 - - 1 3
Total 103 22 12 164 301

rare sporadic strains; agr Il and agr Ill groups are mainly
hospital-acquired epidemiologic clones; agr IV - is a rare
group, resembling agr | [17]. Staphylococci belonging to
agr lll group are associated with invasive diseases, such as
bacteremia [3]. S. aureus comprising agr | groups are capa-
ble to penetrate into epithelial cells and cause mastitis in
cows and sheep [9].

Studies of foreign and domestic researches demon-
strate that allele | is prevailing among S. aureus isolates
recovered from humans in different geographic re-
gions [4, 5, 16]. In some research works aimed at investi-
gation of S. aureus isolated in cow mastitis agr | was also
dominating [3, 5, 7, 11], but in other studies agr Il and
agr Il took the first place [8]. Agr IV group in mastitis of
cattle and small ruminants was found in very rare cases or
was not found at all [5, 7, 8, 11]. It is described in works of
L.M.De Almeida et al. [9] that alleles | and |l were detected
in S. aureus in sheep milk and sheep mastitis. Data on distri-
bution of agr groups in S. aureus isolated at pig farms were
also various. Indeed, in such cases some authors [18] re-
port on detection of only agr 1 in S. aureus, but the others -
only of agr IV group [1]. It is probable that the spread of
the given alleles of gene regulating complex in S. aureus
isolated from animals, is connected with the geographical
region, as well as in humans.

In this investigation, most of MSSA isolates recovered
from monkeys were attributed to agr IV group (55%),
and agr | (34%) was the second most group. Agr Il alleles
were detected in 7% and agr lll - in 4% of tested isolates.
Agr IV group dominated in staphylococci isolated from
monkey lungs affected with pneumonia and in those iso-
lated from the organs affected by intestinal infections.
According to the research results it is established that the
isolates colonizing monkey nasal mucosa and recovered
from kidneys equally belong to agr | and agr IV. Allele IV
of the tested complex is 20-30% more likely to be found
in S. aureus detected in other organs and fecal samples.
It is also mentioned in the study that the prevalence ra-

tio of each S. aureus agr group is nearly similar, in case
with rhesus macaques and crab-eating macaques. But
no alleles Il and Il were detected among all the tested
hamadryas baboons and green monkeys. Data obtained
in the course of the work differ from those concerning
the distribution of agr complex alleles in S. aureus strains
isolated from humans, where S. aureus agr | groups are
prevailing [2-4, 15].

The recent study suggests further molecular-genetic
examination with spa- and coa-typing of isolates in order
to understand the epidemiology of S. aureus in monkeys
at monkey farm and compare the obtained results with
the molecular characteristics of epidemiological clones
recovered from humans.

CONCLUSIONS

1. Agr IV group dominated in S. aureus isolates reco-
vered from monkeys.

2. No correlation between the source of microbe isola-
tion and S. aureus distribution to a certain agr group was
detected.

3. No agr complex alleles Il and Ill were detected in
S.aureus isolates recovered from hamadryas baboons and
green monkeys.
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