RESEARCH ARTICLE
Open Access

Veterinary World, EISSN: 2231-0916
Available at www.veterinaryworld.org/Vol.15/November-2022/21.pdf

Investigation of methicillin-resistant Staphylococcus aureus,
methicillin-susceptible Staphylococcus aureus, and Staphylococcus
argenteus from wild long-tailed macaques (Macaca fascicularis) at

Kosumpee Forest Park, Maha Sarakham, Thailand

, Thanyaphorn Chamnandee!3, Kittisak Saengthong3, Suvit Pathomthanasarn3,
, Penkhae Thamsenanupap'# ‘2, Apichat Karaket®, Marilyn C. Roberts” "/, and
Randall C. Kyes?®

Natapol Pumipuntut?3
Tawatchai Tanee!# ), Pensri Kyes®

1. One Health Research Unit, Mahasarakham University, Maha Sarakham, Thailand; 2. Veterinary Infectious Disease
Research Unit, Mahasarakham University, Maha Sarakham, Thailand; 3. Faculty of Veterinary Sciences, Mahasarakham
University, Maha Sarakham, Thailand; 4. Faculty of Environment and Resource Studies, Mahasarakham University, Maha
Sarakham, Thailand; 5. Department of Psychology, Center for Global Field Study, and Washington National Primate
Research Center, University of Washington, Seattle, Washington, USA; 6. Department of National Parks, Wildlife and Plant
Conservation, Bangkok, Thailand; 7. Department of Environmental and Occupational Health, University of Washington,
Seattle, Washington, USA; 8. Departments of Psychology, Global Health, and Anthropology, Center for Global Field Study,
and Washington National Primate Research Center, University of Washington, Seattle, Washington, USA.
Corresponding author: Natapol Pumipuntu, e-mail: natapol.p@msu.ac.th
Co-authors: TC: thanyaphornchamnandee@gmail.com, KS: max0832920542@gmail.com, SP: sun_kyoya@hotmail.com,
TT: tawatchai5@hotmail.com, PK: pkyes@uw.edu, PT: penkhae.t@msu.ac.th, AK: yo.forest@hotmail.com,
MCR: marilynr@uw.edu, RCK: rkyes@uw.edu
Received: 20-06-2022, Accepted: 13-10-2022, Published online: 26-11-2022

doi: www.doi.org/10.14202/vetworld.2022.2693-2698 How to cite this article: Pumipuntu N, Chamnandee T,
Saengthong K, Pathomthanasarn S, Tanee T, Kyes P, Thamsenanupap P, Karaket A, Roberts MC, and Kyes RC (2022)
Investigation of methicillin-resistant Staphylococcus aureus, methicillin-susceptible Staphylococcus aureus, and
Staphylococcus argenteus from wild long-tailed macaques (Macaca fascicularis) at Kosumpee Forest Park, Maha Sarakham,
Thailand, Veterinary World, 15(11): 2693-2698.

Abstract

Background and Aim: In the past, the prevalence of methicillin-resistant Staphylococcus aureus (MRSA) infections in both
humans and animals has increased across Thailand. Staphylococcus argenteus has been associated with infections among
humans, exotic pets, and livestock. Both species have been identified in non-human primate species from geographically
diverse locations but not from non-human primates in Thailand. This study aimed to determine the presence of MRSA/
methicillin-susceptible S. aureus (MSSA) and S. argenteus isolates collected from buccal swab samples in Macaca
fascicularis at Kosumpee Forest Park (KFP), Maha Sarakham, Northeast Thailand.

Materials and Methods: Aseptic buccal swab samples were collected from 30 free-ranging macaques in November 2018. All
isolates were tested using multiple biochemical tests and S. aureus latex slide agglutination test. Presumptive S. aureus isolates
were tested for the presence of the mecA gene using polymerase chain reaction (PCR) assays. The isolates were phenotypically
determined to be resistant to a 3-lactam antibiotic using the disk diffusion method with a 30 pg cefoxitin disk. The isolates were
analyzed by PCR for the non-ribosomal peptide synthetase (NRPS) gene to distinguish S. argenteus from S. aureus.

Results: Fifteen macaques (50%) were colonized with S. aureus and 21 isolates were characterized. Three of the macaques
carried both the MRSA and MSSA isolate. One animal carried both MRSA and S. argenteus isolate, and one animal carried
only S. argenteus. The NRPS gene analysis confirmed that 2 isolates (9.52%) were S. argenteus and 19 isolates (90.48%)
were S. aureus [five MSSA and 14 MRSA].

Conclusion: This study is the first to identify MRSA/MSSA and S. argenteus in wild free-ranging M. fascicularis from
Thailand at the KFP in Maha Sarakham. This study is also the first report on the occurrence of S. argenteus carriage in
M. fascicularis from Thailand.

Keywords: Macaca fascicularis, methicillin-resistant Staphylococcus aureus, methicillin-susceptible Staphylococcus
aureus, non-ribosomal peptide synthetase gene, Staphylococcus argenteus.

Introduction

Thailand’s long-tailed macaques (Macaca
fascicularis) are the most frequently encountered
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non-human primate species in the country [1]. These
macaques are well adapted to living in close prox-
imity to humans and are widely distributed in urban
areas [2—5]. As such, interaction and conflict between
humans and macaques are common in many areas,
including the Kosumpee Forest Park (KFP) in Maha
Sarakham, Northeast Thailand. Staphylococcus
aureus is a widespread opportunistic bacterial patho-
gen that may cause community-acquired, hospi-
tal-related, and livestock-associated infections [6].
Methicillin-resistant S. aureus (MRSA) is an important
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antimicrobial resistant opportunistic  pathogen,
which can colonize humans, domestic pets, live-
stock, and wildlife [7]. The MRSA is different from
methicillin-susceptible S. aureus (MSSA) due to the
carriage of the mecA gene on a variety of distinct
mobile genetic elements known as Staphylococcal
Cassette Chromosome mec (SCCmec). The mecA
gene codes for an alternative penicillin-binding pro-
tein [PBP2a] [8, 9].

Recent studies have demonstrated that wild rhe-
sus macaques (Macaca mulatta) living around temple
areas in the Kathmandu valley in Nepal with frequent
human contact, and those in remote areas with lim-
ited human contact were colonized with MRSA and/
or MSSA [2, 3, 10]. In the first pilot study, saliva sam-
ples were collected from 59 M. mulatta [10]. Four
(6.8%) macaques were positive for MRSA with three
isolates of ST22 SCCmec type IV. This sequence
type (ST) is a pandemic strain found in Asia, Africa,
Middle East, and Europe and identified in hospital-
ized patients in Nepal [10]. Subsequent studies of
wild M. mulatta found that MRSA isolates were anti-
biotic resistant and were the same STs as other human
MRSA isolates found both within Nepal and other
parts of the world [2]. Some of the MSSA isolates
from the macaques were also antibiotic resistant and
had the same STs as found in humans or animals/live-
stock MSSA isolates. However, a number of MSSA
isolates were not antibiotic resistant and not geneti-
cally related to human or other animal isolates, and
appeared to be unique to non-human primates [3, 11].
These MSSA isolates were found in both macaques
that interacted with people, as well as, those living
in remote areas, and were from both M. mulatta and
Macaca assamensis hosts [11]. The data from these
studies suggest a transmission of MSSA/MRSA iso-
lates between macaque species and an indication of
anthropozoonotic transmission of “human” strains
from contaminated environments and human and/or
livestock contacts with wild macaques. Other studies
have found MSSA isolates in African non-human pri-
mates and zoos [12, 13]. Recently, S. aureus clonal
complex 75 (CC75) has been reclassified as a new
species Staphylococcus argenteus [14]. The pheno-
typic characteristics of S. argenteus are very similar
to S. aureus, except that the colonies often display a
non-pigmented presence on blood agar due to the lack
of genes producing staphyloxanthin [15, 16]. However,
approximately 10% of S. aureus isolates produce white
colonies, resulting in misidentification of S. argen-
teus isolates as the more common S. aureus [17, 18].
The routine use of the PCR assay targeting non-ribo-
somal peptide synthetase (NRPS) gene has been used
as a rapid method for S. argenteus identification[19].
Staphylococcus argenteus has been identified in
Thailand patients and animals [14, 16], and from
non-human primate isolates around the world [20].

Recently, a number of clinical reports of S. argen-
teus, causing a disease similar to that of S. aureus, in

both humans and animals has increased [21, 22]. This
study aimed to investigate the prevalence of S. aureus
and S. argenteus carriage in buccal swab samples from
wild long-tailed macaques (M. fascicularis) at KFP,
Thailand. The isolates were tested using PCR methods
for detecting mecA to identify MRS A and NRPS genes
for S. argenteus identification.

Materials and Methods

Ethical approval

This research was approved and conducted in
accordance with the animal use protocol approved by
the Institutional Animal Care and Use Committee at
Mahasarakham University (MSU) (protocol numbers
0009/2016). All animal samples collection complied
with the current laws of Thailand.

Study period and location

The cross-sectional study was conducted during
November-2018 at KFP; N16° 15 12.6” E103°
04> 02.0”, Kosum Phisai district, Maha Sarakham,
Northeast Thailand (Figure-1). The KFP consists of
a mixed deciduous forest of approximately 0.2 km?,
located along the Chi River and bound by agricultural
areas and the town of Kosum Phisai to the south. The
KFP is home to a free-ranging population of long-
tailed macaques (M. fascicularis) of approximately
850 macaques (at the time of the study), distributed
among five social groups [23]. The macaques have
extensive interaction with local residents and tourists
(Figure-2). This can lead to various levels of conflict
including aggressive interactions, crop raiding, dam-
age to buildings, as well as, retaliatory responses by

Figure-1: Map of the Kosumpee Forest Park, Kosum Phisai
District, Maha Sarakham, Northeast Thailand. The map
illustrates the close proximity of the human community to
the forest park study site [Source: Randall C. Kyes].
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Park have extensive interaction with local residents and
tourists [Source: Randall C. Kyes].

the people directed toward the macaques (e.g., throw-
ing rocks/sticks, use of sling shots, etc.) [23, 24].

Sampling procedures

Buccal samples were collected from 30 randomly
selected macaques living in KFP and the surrounding
urban area during trapping for health screening check-
ups. The macaques were captured in a soft nylon mesh
cage with a wooden frame (150 x 40 x 40 cm) baited
with groundnuts and bananas. Tiletamine-zolazepam
(Zoletil® 100 mg/mL, Virbac, Carros, France) was
injected intramuscularly to sedate the macaques
through 5 mL anesthetic blowpipes after visually
assessing a body weight for each macaque in the mesh
cage. After anesthesia, the macaques were removed
from the cage and vital signs were monitored. Buccal
swab samples were then collected aseptically using
a sterile buccal swab collection kit with transport
media (Deltalab, Barcelona, Spain). All trapping and
sampling procedures were conducted by wildlife vet-
erinary specialists from MSU following the protocol
approved by the MSU Institutional Animal Care and
Use Committee (ethics statement above) and the Thai
Department of National Parks. All buccal swab sam-
ples were stored at 4°C and taken to the One Health
Research Unit, Veterinary Public Health Laboratory,
Faculty of Veterinary Sciences at MSU for bacterial
testing within 6 h of collection.

Staphylococcus aureus screening

The 30 buccal swabs were cultured on Baird-
Parker Agar supplemented with egg yolk tellurite
emulsion (Oxoid, Hampshire, UK). Bacterial plates
were placed in an incubator at 37°C for 24 h and sus-
pected S. aureus colonies were further characterized.
Tentative identification of suspected bacterial colo-
nies was performed using Gram-staining, catalase test,
tube coagulase test, mannitol salt agar test, deoxyri-
bonuclease test, and Staphaurex™ Plus latex aggluti-
nation test (Thermo Fisher Scientific, Massachusetts,
USA) [25].

Antimicrobial susceptibility testing for MRSA
Antimicrobial susceptibility for -lactam resis-
tance of the isolates was performed by disk suscepti-
bility testing using Mueller-Hinton agar (Oxoid) and
cefoxitin disk (30 ug Oxoid). The results were inter-
preted using the Clinical and Laboratory Standards
Institute guidelines M100 to identify methicillin
resistance [26]. Staphylococcus aureus ATTC®25923
was used as a control MSSA strain and S. aureus
ATCC®43300 was used as MRSA control strain for
antimicrobial drug susceptibility testing.

Polymerase chain assay

The isolates’ DNA was extracted using a DNA
genomic extraction kit (Geneaid, Taipei, Taiwan),
according to the manufacturer’s instructions. The
DNA extraction products were measured by the
OD 260/280 nm ratio using a NanoDrop 1000
Spectrophotometer (Thermo Scientific, New Jersey,
USA) and kept at —20°C until tested. DNA samples
were PCR tested for the presence of the mecA gene
to confirm MRSA and NRPS genes to differentiate
S. argenteus from S. aureus. The PCR reaction mix-
tures were prepared in a total volume of 25 uL with
10 pmol/L of both forward and reverse primers,
KAPA2G™ Robust HotStart ReadyMix PCR Kit
(Kapa Biosystems, Wilmington, MA, USA), DNA
template, and sterile deionized water. Amplification of
the mecA gene was performed using specific primers
mecA F (5'-AAAATCGATGGTAAAGGTTGGC-3')
and mecA R (5- AGTTCTGGAGTACCGGATTT
GC-3"). These primers produced a PCR amplicon of
533 bp with the MRSA isolates while and the MSSA
isolates were negative [27]. The NRPS gene detection
was performed by PCR with specific primers (VPRS1
5"-TTGARWCGACATTACCAGT-3" and NPRS2 5'-A
TWRCRTACATYTCRTTATC-3") which were derived
from a previous study that published these nucleotide
sequences [19]. For the analysis of the NRPS gene, the
PCR products were 160 bp and 340 bp (S. aureus and
S. argenteus, respectively) (Figure-3).

PCR amplification was performed using a ther-
mocycler (Biometra GmbH, Jena, Germany) as follows:
4 min initial denaturation at 94°C, 35 cycles of denatur-
ation at 94°C for 30 s, annealing at 55°C for 30 s (mecA
gene primers) and 53°C for 30 s (NRPS gene primers),
extension at 72°C for 40 s, and then final extension at
72°C for 10 min. The PCR products were analyzed by
1.5% agarose gels stained with 0.5 pg/mL ethidium bro-
mide in 0.5x TBE buffer and visualized under ultraviolet
light. Staphylococcus aureus ATCC®43300 served as the
positive control strain for mecA gene. Staphylococcus
aureus ATTC*25923 and ATCC®43300 were used as
the positive control strains for the NRPS gene while dis-
tilled water was used as the negative control.

Results and Discussion

Prevalence of MSSA/MRSA and S. argenteus
Fifteen macaques (50%) were colonized with
Staphylococcus spp. and 21 isolates were identified

Veterinary World, EISSN: 2231-0916

2695



Available at www.veterinaryworld.org/Vol.15/November-2022/21.pdf

bp M 1 2 3 4 5 6 7

1,000

500
<«—340 bp

300

—
i 160 bp

Figure-3: Polymerase chain reaction (PCR) amplicons
of non-ribosomal peptide synthetase gene (NRPS) of
Staphylococcus aureus and Staphylococcus argenteus
isolated from wild long-tailed macaques. Lane M, DNA
marker; lanes 1-2, PCR amplicons of isolates number 17.1
(Monkey ID: M17) and 28.4 (Monkey ID: M28) which was
suspected as S. argenteus, respectively; lanes 3-5, PCR
amplicons of isolates number 1.1 (Monkey ID: M1) and
22.1 (Monkey ID: M22) which was suspected as S. aureus;
lane 6, PCR amplicon of S. aureus ATTC 25923; and lane 7,
negative control.

(Table-1). Of the 21 isolates, 5 (23.8%) were MSSA,
14 (66.7%) were MRSA, and 2 (9.5%) were
S. argenteus. Four (27%) of the macaques carried two
different isolates each: M1, M21, and M22 carried
both a MRSA and MSSA isolates and M28 carried one
MRSA and one S. argenteus isolate. One animal (M 17)
carried only a S. argenteus isolate (Table-1) and the
remaining 10 (67%) macaques carried only S. aureus
(Table-1). The NRPS gene analysis (Figure-3) con-
firmed that the two isolates were S. argenteus with an
amplicon size of 340 bp versus 160 bp for S. aureus
(Table-1). The two S. argenteus isolates (number 17.1
and 28.4) were from animals M28 and M 17 (Table-1)
and represented 9.52% of the staphylococci isolated
from the macaques at KFP.

Comparing the Thailand non-human primate carriage
with previous studies

The prevalence of S. aureus carriage in this study
(50%) was higher than the reported prevalence of 19.4%
(six isolates) in other non-human primates including
Colobus guereza, Papio anubis, Trachypithecus fran-
coisi, and Rhinopithecus roxellana (31 samples) from
Yangzhou Ecological Zoo in Jiangsu, China [12].
From their study, 1 isolate (16.67%) from 7. francoisi
(fecal sample) was identified as MRSA and 5 isolates
(83.33%) were MSSA. The prevalence of S. aureus
in Thailand is similar to that the reported in labora-
tory macaques (n=176, 58.7%) from Chicago, USA
[28], which included 152 M. fascicularis and 148 M.
mulatta. The carriage rate in this study was 10.8% for
MRSA and the remaining 89.2% were identified as
MSSA carriers. The results of this study are also simi-
lar to the research with M. mulatta and M. assamensis
(n=40) in Nepal [3, 29].

To the best of our knowledge, this is the first study
to report the presence of S. argenteus in wild long-
tailed macaques from Thailand. To date, S. argenteus
has been found in both humans and animals from many

Table-1: Staphylococcus spp. isolated from wild long-
tailed macaques.

Monkey Isolate mecA NRPS gene Bacterial

ID no. gene amplicon identification
size (bp)
M1 1.1 + 160 MRSA
1.2 - 160 MSSA
M2 2.2 + 160 MRSA
M 4 4.1 + 160 MRSA
M7 7.3 + 160 MRSA
M9 9.1 + 160 MRSA
M 15 15.1 + 160 MRSA
M 16 16.1 + 160 MRSA
M 17 17.1 - 340 S. argenteus
M 19 19.2 - 160 MSSA
M 21 21.3 - 160 MSSA
21.1 + 160 MRSA
M 22 22.1 - 160 MSSA
22.4 + 160 MRSA
M 24 24.1 + 160 MRSA
M 25 25.1 + 160 MRSA
M 26 26.5 - 160 MSSA
M 27 27.3 + 160 MRSA
M 28 28.1 + 160 MRSA
28.4 - 340 S. argenteus
M 29 29.5 + 160 MRSA

MRSA=Methicillin-resistant Staphylococcus aureus,
MSSA=Methicillin-susceptible Staphylococcus aureus,
S. argenteus=Staphylococcus argenteus

regions of the world, including Thailand [21, 29].
Although S. argenteus has been identified in dairy
cows [18, 30], rabbits [31], canine [22], and pigs [32],
its prevalence in wildlife is understudied.

Conclusion

This study is the first to report the prevalence of
S. aureus, MRSA, and S. argenteus from wild non-hu-
man primates in Thailand. Although the number of
animals tested was limited, the prevalence rate of
S. aureus and S. argenteus carriage was high (50%).
The Nepalese macaque isolates could be distinguished
based on antibiotic carriage which was associated
with these isolates being part of known human and
livestock clones, while novel clones did not carry
antibiotic resistance genes [2, 3, 11]. Thus, further
characterization of the isolates in the current study,
including MIC for other antibiotics, as well as, multi-
locus sequence typing could help provide insight into
whether the Thailand isolates are related to previously
characterized clones from humans and/or livestock.
Staphylococcus argenteus carriage has not previously
been identified in the Nepalese macaques but two ani-
mals from Thailand carried S. argenteus in this study.

Authors’ Contributions

NP, TC, KS, and SP: Conceptualized and
designed the study. NP, TC, KS, and SP: Collected
the samples. RCK, PT, TT, PK, and AK: Filed sam-
pling coordinator. TC, KS, and SP: Performed the
laboratory experiments. NP, TT, PK, PT, and RCK:
Supervised the study. NP, TC, KS, and SP: Conducted
molecular work. NP, RCK, and MCR: Analyzed the

Veterinary World, EISSN: 2231-0916

2696



Available at www.veterinaryworld.org/Vol.15/November-2022/21.pdf

data. NP, RCK, and MCR: Drafted and revised the
manuscript. All authors have read and approved the
final manuscript.

Acknowledgments

This research project was financially sup-
ported by Mahasarakham University 2021. The
authors are thankful to the staff at Kosumpee Forest
Park, Dr. Pitchakorn Petcharat from Petcharat
Animal Clinic, Dr. Ratchanon Kusolsongkhrokul,
Dr. Papichchaya Doemlim, and Dr. Panitporn
Damrongsukij from One Health Research Unit of
Mahasarakham University, the Wildlife and Exotic
Friends Club at Mahasarakham University, and stu-
dents from the Faculty of Environment and Resource
Studies at Mahasarakham University for their valu-
able advice and assistance with the sampling in the
field. We are grateful to the Faculty of Veterinary
Sciences at Mahasarakham University for use of the
diagnostic laboratory. Finally, we are grateful to the
Thailand Department of National Parks — Wildlife and
Plant Conservation (DNP) and the National Research
Council of Thailand for their approval (NRCT project
approval to RCK — Project ID: 2016/048; “Healthy
Coexistence between Human and Non-human
Primates: A One Health Approach”). RCK and PK’s
effort was supported in part by the National Institutes
of Health Office of Research Infrastructure Programs
under award number P510D010425 to the Washington
National Primate Research Center, USA.

Competing Interests

The authors declare that they have no competing
interests.

Publisher’s Note

Veterinary World remains neutral with regard
to jurisdictional claims in published map and institu-
tional affiliation.

References

1. Malaivijitnond, S. and Hamada, Y. (2008) Current situation
and status of long tailed macaques (Macaca fascicularis) in
Thailand. Nat. Hist. J. Chulalongkorn Univ., 8(2): 185-204.

2. Roberts, M.C., Joshi, PR., Monecke, S., Ehricht, R.,
Miiller, E., Gawlik, D., Paudel, S., Acharya, M.,
Bhattarai, S., Pokharel, S., Tuladhar, R., Chalise, M.K.
and Kyes, R.C. (2019) MRSA strains in Nepalese rhesus
macaques (Macaca mulatta) and their environment. Front.
Microbiol., 10: 2505.

3. Roberts, M.C., Joshi, P.R., Monecke, S., Ehricht, R.,
Miiller, E., Gawlik, D., Diezel, C., Braun, S.D., Paudel, S.,
Acharya, M., Khanal, L., Koju, N.P., Chalise, M. and
Kyes, R.C. (2020) Staphylococcus aureus and methicil-
lin-resistant S. aureus in Nepalese primates: Resistance to
antimicrobials, virulence, and genetic lineages. Antibiotics,
9(10): 689.

4. Schurer, J.M., Ramirez, V., Kyes, P., Tanee, T,
Patarapadungkit, N., Thamsenanupap, P., Trufan, S.,
Grant, E.T., Garland-Lewis, G., Kelley, S., Nueaitong, H.,
Kyes, R.C. and Rabinowitz, P. (2019) Long-tailed macaques
(Macaca fascicularis) in urban landscapes: Gastrointestinal
parasitism and barriers for healthy coexistence in northeast

10.

11.

12.

13.

14.

15.

16.

17.

18.

Thailand. Am. J. Trop. Med. Hyg., 100(2): 357-364.
Damrongsukij, P., Doemlim, P., Kusolsongkhrokul, R.,
Tanee, T., Petcharat, P., Siriporn, B., Piratae, S. and
Pumipuntu, N. (2021) One health approach of meli-
oidosis and gastrointestinal parasitic infections from
Macaca fascicularis to human at Kosumpee forest park,
Maha Sarakham, Thailand. Infect. Drug Resist., 15(14):
2213-2223.

Haag, A.F., Fitzgerald, J.R. and Penades, J.R. (2019)
Staphylococcus aureus in animals. Microbiol. Spectr., 7(3):
1-19.

Heaton, C.J., Gerbig, G.R., Sensius, L.D., Patel, V. and
Smith, T.C. (2020) Staphylococcus aureus epidemiology in
wildlife: A systematic review. Antibiotics (Basel), 9(2): 89.
Wielders, C.L., Fluit, A.C., Brisse, S., Verhoef, J. and
Schmitz, F.J. (2002) mecA gene is widely disseminated
in Staphylococcus aureus population. J. Clin. Microbiol.,
40(11): 3970-3975.

Shukla, S.K., Ramaswamy, S.V., Conradt, J., Stemper, M.E.,
Reich, R., Reed, K. D. and Graviss, E.A. (2004) Novel
polymorphisms in mec genes and a new mec complex
type in methicillin-resistant Staphylococcus aureus iso-
lates obtained in rural Wisconsin. Antimicrob. Agents
Chemother-., 48(8): 3080-3085.

Roberts, M.C., Joshi, P.R., Greninger, A.L., Melendez, D.,
Paudel, S., Acharya, M., Bimali, N.K., Koju, N.P., No, D.,
Chalise, M. and Kyes, R.C. (2018) The human clone ST22
SCCmec IV methicillin-resistant Staphylococcus aureus
isolated from swine herds and wild primates in Nepal: Is
man the common source? FEMS Microbiol. Ecol., 94(5):
fiy052.

Monecke, S., Roberts, M.C., Braun, S.D., Diezel, C.,
Miiller, E., Reinicke, M., Linde, J., Joshi, P.R., Paudel, S.,
Acharya, M., Chalise, M.K., FeBler, A.T., Hotzel, H.,
Khanal, L., Koju, N.P, Schwarz, S., Kyes, R.C.
and Ehricht, R. (2022) Sequence analysis of novel
Staphylococcus aureus lineages from wild and captive
macaques. Int. J. Mol. Sci., 23(19): 11225.

Schaumburg, F., Alabi, A.S., Kock, R., Mellmann, A.,
Kremsner, P.G., Boesch, C., Becker, K., Leendertz, F.H.
and Peters, G. (2012) Highly divergent Staphylococcus
aureus isolates from African non-human primates. Environ.
Microbiol. Rep., 4(1): 141-146.

Schaumburg, F., Mugisha, L., Kappeller, P., Fichtel, C.,
Kock, R., Kondgen, S., Becker, K., Boesch, C., Peters, G.
and Leendertz, F. (2013) Evaluation of non-invasive biolog-
ical samples to monitor Staphylococcus aureus colonization
in great apes and lemurs. PLoS One, 8(10): €78046.
Thaipadungpanit, J., Amornchai, P., Nickerson, E.K.,
Wongsuvan, G., Wuthiekanun, V., Limmathurotsakul, D.
and Peacock, S.J. (2015) Clinical and molecular epidemiol-
ogy of Staphylococcus argenteus infections in Thailand. J.
Clin. Microbiol., 53(3): 1005-1008.

Holt, D.C., Holden, M.T.G., Tong, S.Y.C., Castillo-
Ramirez, S., Clarke, L., Quail, M.A., Currie, B.J.,
Parkhill, J., Bentley, S.D., Feil, E.J. and Giffard, P.M. (2011)
Avery early-branching Staphylococcus aureus lineage lack-
ing the carotenoid pigment staphyloxanthin. Genome Biol.
Evol., 3: 881-895.

Pumipuntu, N. (2019) Staphylococcus argenteus: An
emerging subclinical bovine mastitis pathogen in Thailand.
Vet. World, 12(12): 1940—1944.

Hallbdck, E.T., Karami, N., Adlerberth, 1., Cardew, S.,
Ohlén, M., Engstrom Jakobsson, H.E. and Stadler, L.S.
(2018) Methicillin-resistant Staphylococcus argenteus mis-
identified as methicillin-resistant Staphylococcus aureus
emerging in western Sweden. J. Med. Microbiol., 67(7):
968-971.

Pumipuntu, N., Tunyong, W., Chantratita, N., Diraphat, P.,
Pumirat, P., Sookrung, N., Chaicumpa, W. and
Indrawattana, N. (2019) Staphylococcus spp. associated
with subclinical bovine mastitis in central and northeast

Veterinary World, EISSN: 2231-0916

2697



Available at www.veterinaryworld.org/Vol.15/November-2022/21.pdf

19.

20.

21.

22.

23.

24.

25.

provinces of Thailand. PeerJ, 7: €6587. 26. Clinical and Laboratory Standards Institute (CLSI). (2020)
Zhang, D., Xu, X., Song, Q., Bai, Y., Zhang, Y., Song, M. Performance Standards for Antibiotic Susceptibility Testing.
and Shi, X. (2016) Identification of Staphylococcus argen- 31% ed., Vol. 40. Informational Supplement CLSI Document
teus in eastern China based on nonribosomal peptide syn- M100. Clinical and Laboratory Standards Institute, Wayne,
thetase (NRPS) gene. Future Microbiol., 11: 1113-1121. PA. p88-94.
Tong, S.Y.C., Schaumburg, F., Ellington, M.J., 27. Bithlmann, M., Bogli-Stuber, K., Droz, S. and
Corander, J., Pichon, B., Leendertz, F., Bentley, S.D., Miihlemann, K. (2008) Rapid screening for carriage of
Parkhill, J., Holt, D.C., Peters, G. and Giffard, P.M. methicillin-resistant Staphylococcus aureus by PCR and
(2015) Novel staphylococcal species that form part of a associated costs. J. Clin. Microbiol., 46(7): 2151-2154.
Staphylococcus aureus-related complex: The non-pig- 28.  Greenstein, A.W., Boyle-Vavra, S., Maddox, C.W., Tang, X.,
mented Staphylococcus argenteus spp. nov. and the non-hu- Halliday, L.C. and Fortman, J.D. (2019) Carriage of methi-
man primate-associated Staphylococcus schweitzeri spp. cillin-resistant Staphylococcus aureus in a colony of rhesus
nov. Int. J. Syst. Evol. Microbiol., 65(1): 15-22. (Macaca mulatta) and cynomolgus (Macaca fascicularis)
Wu, S., Pang, R., Huang, J., Zhang, F., Cai, Z., Zhang, J., macaques. Comp. Med., 69(4): 311-320.
Chen, M., Xue, L., Gu, Q., Wang, J., Ding, Y., Wan, Q. 29. Chantratita, N., Wikraiphat, C., Tandhavanant, S.,
and Wu, Q. (2021) Evolutionary divergence of the novel Wongsuvan, G., Ariyaprasert, P., Suntornsut, P,
staphylococcal species Staphylococcus argenteus. Front. Thaipadungpanit, J., Teerawattanasook, N., Jutrakul, Y.,
Microbiol., 12: 769642. Srisurat, N., Chaimanee, P., Anukunananchai, J.,
Meijer, E.F.J., van Renssen, A., Maat, 1., van der Graaf- Phiphitaporn, S., Srisamang, P., Chetchotisakd, P., West, T.E.
van Bloois, L., Duim, B. and Broens, E.M. (2022) and Peacock, S.J. (2016) Comparison of community-onset
Canine Staphylococcus argenteus: Case report from the Staphylococcus argenteus and Staphylococcus aureus sepsis
Netherlands. Pathogens, 11(2): 153. in Thailand: A prospective multicentre observational study.
Kyes, R.C., Tanee, T., Thamsenanupap, P., Karaket, A., Clin. Microbiol. Infect., 22(5): 458.e11-458.e19.
Iskandar, E. and Kyes, P. (2018) Population status of the 30. Rossi,B.F., Bonsaglia, E.C.R.,Castilho,I.G.,Dantas,S.T.A.,
long-tailed macaques (Macaca fascicularis) at Kosumpee Langoni, H., Pantoja, J.C.F., Junior, A.F., Gongalves, J.L.,
Forest Park, Maha Sarakham, Thailand. In: Kinnally, E. Santos, M.V., Mota, R.A. and Rall, V.L.M. (2020) First
and Wood, E., (Eds). Program of the fortieth meeting of investigation of Staphylococcus argenteus in a Brazilian
the American Society of Primatologists. Am. J. Primatol., collections of S. aureus isolated from bovine mastitis. BMC
80(S1): 22. Vet. Res., 16(1): 252.
Tanee, T., Tamsenanupap, P., Kyes, P., Pumipuntu, N., 31. Indrawattana, N., Pumipuntu, N., Suriyakhun, N.,
Teanma, J., Ferguson, B., Sudmoon, R., Chaveerach, A. Jangsangthong, A., Kulpeanprasit, S., Chantratita, N.,
and Kyes, R.C. (2022) Genetic diversity of the long-tailed Sookrung, N., Chaicumpa, W. and Buranasinsup, S.
macaques (Macaca fascicularis) at Kosumpee Forest Park, (2019) Staphylococcus argenteus from rabbits in Thailand.
Thailand using RAPD analysis. J. Anim. Plant Sci., 32(4): 6. Microbiologyopen, 8(4): e00665.
Pumipuntu, N., Kulpeanprasit, S., Santajit, S., Tunyong, W., 32.  Kaden, R., Engstrand, L., Rautelin, H. and Johansson, C.
Kong-ngoen, T., Hinthong, W. and Indrawattana, N. (2017) (2018) Which methods are appropriate for the detection of
Screening method for Staphylococcus aureus identification Staphylococcus argenteus and is it worthwhile to distin-
in subclinical bovine mastitis from dairy farms. Vet. World, guish S. argenteus from S. aureus? Infect. Drug Resist., 11:
10(7): 721-726. 2335-2344.

feskoskoskskoskocksk

Veterinary World, EISSN: 2231-0916

2698



