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Abstract

Background and Aim: Hemoplasmas are defined as small, epicellular parasitic bacteria that can infect the red blood cells
of several mammalian species. Diseases caused by these bacteria range from asymptomatic infections to acute hemolytic
anemia. However, data on hemoplasmas in non-human primates in Thailand remain to be limited. Therefore, this study aims
to determine the occurrence and genetic diversity of hemoplasmas among long-tailed macaques in Thailand.

Materials and Methods: Blood samples were collected from 339 long-tailed macaques in three provinces of Thailand.
DNA was then extracted from the blood samples and tested for hemoplasma using broad-range nested polymerase chain
reaction (PCR) based on the /65 rRNA gene. PCR-positive samples were sequenced, and phylogenetic analysis for species
identification was conducted.

Results: In total, 38 (11.2%) out of the 339 samples were found to be positive for hemoplasmas, based on the broad-range
nested PCR assay of the /6S rRNA gene. The 16S rRNA sequences of Mycoplasma spp. were highly similar (98-99%
identity) to “Candidatus Mycoplasma haemomacaque.” Furthermore, phylogenetic analysis using maximum likelihood
demonstrated that the sequences were located in the same cluster of “Ca. M. haemomacaque.”

Conclusion: The detection of hemoplasmas among long-tailed macaques in Thailand is reported. Genetic characterization
confirmed that these hemoplasmas are closely related to “Ca. M. haemomacaque.” These results indicate that long-tailed
macaques in several locations in Thailand may be infected and serve as reservoirs for this parasite.

Keywords: broad-range nested polymerase chain reaction, hemoplasma, long-tailed macaque, mycoplasma, Thailand.

Introduction membranes [1]. Hemoplasma DNA was detected in
Amblyomma spp. and lice, which might be vital in
the transmission of these bacteria [3]. Hemoplasma
infections are often detected in a wide range of mam-
malian species, including humans [4,5], dogs [6,7],
cats [8,9], pigs [10], rodents [3], sheep, goats [11], and
water buffaloes [12]. Several species of hemoplasmas
were also detected in non-human primates, including
“Candidatus Mycoplasma kahanei” in squirrel mon-
keys (Saimiri sciureus) and howler monkeys [13,14];
“Ca. M. aoti” in owl monkeys (Aotus trivirgatus) [15];
“Candidatus Mycoplasma haemomacaque” in cyno-
Copyright: Sricharern, et al. Open Access. This article is molgus monkeys (Macaca fascicularis), rhesus
distributed under the terms of the Creative Commons Attribution Kk J d k
4.0 International License (http://creativecommons.org/licenses/ monkeys (Macaca mulatta), and Japanese monkeys
by/4.0/), which permits unrestricted use, distribution, and (Macaca fuscata) [16_18]; and Mycoplasma spp. in
reproduction in any medium, provided you give appropriate credit hi k black t . d black h 1
to the original author(s) and the source, provide a link to the capuchin monkeys, blac ?marm’ an ac owler
Creative Commons license, and indicate if changes were made. monkeys [13,14,19]. Some infected monkeys develop

The Creative Commons Public Domain Dedication waiver (http:// . : : .
creativecommons.org/publicdomain/zero/1.0/) applies to the data Only mild ancmia, while others die from severe ane-

made available in this article, unless otherwise stated. mia [20].

Hemotropic Mycoplasma spp., also referred to as
hemoplasmas, are Gram-negative, obligate, parasitic
exoerythrocytic bacteria, which are uncultivable and
are known to have no cell wall [1,2]. Hemoplasmas
cause various clinical signs, ranging from asymptom-
atic to life-threatening, depending on host suscepti-
bility [1,2]. Acute disease is associated with massive
parasitemia, causing severe and sometimes fatal hemo-
lytic anemia and other clinical symptoms, including
lethargy, anorexia, fever, and pale or icteric mucous
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Human hemoplasmas are rarely reported and
are often suspected of coming from infected domes-
tic animals [2], such as the Mycoplasma haemofe-
lis-like infection reported in an HIV-positive patient
in Brazil [4] and swine hemoplasmas reported in a
farmworker in China [21]. The human hemoplasma
species, that is, “Ca. M. haemohominis,” is distinct
from veterinary hemoplasma species [5]. Moreover,
potentially new species of hemoplasmas in wildlife,
as or as a result of host shifts, have been reported [2].
For this reason, the investigation and monitoring of
hemoplasma infections, particularly in animals that
are closely associated with humans, are crucial.

Long-tailed macaques (M. fascicularis) are also
called cynomolgus or crab-eating macaques. These
macaques are widely distributed in the southern part
of the Southeast Asian mainland [22]. In Thailand,
there are many locations where long-tailed macaques
live close to human communities and share the envi-
ronment with humans. Thus, macaques might serve as
reservoir hosts for abundant human pathogens, includ-
ing hemotropic mycoplasmas. However, few studies
regarding the prevalence and molecular characteriza-
tion of hemoplasma among long-tailed macaques in
Thailand have been conducted.

Thus, this study aimed to determine the molec-
ular prevalence of hemoplasmas in free-ranging
long-tailed macaques based on broad-range nested
polymerase chain reaction (PCR), to genetically char-
acterize the hemoplasma isolated from macaques, and
to evaluate any associations between hemoplasma
infection and the gender and locations of hosts.

Materials and Methods

Ethical approval

This research was approved by the Animal
Ethics Committee of Kasetsart University, Bangkok,
Thailand (ACKU59-VTN-004).

Study period and location

The study was conducted during 2016 - 2018.
The blood samples were collected from long-tailed
macaques in Samut Songkhram, Chonburi, and
Phuket provinces, Thailand, and the laboratory inves-
tigations were conducted at the Faculty of Veterinary
Technology, Kasetsart University.

Sample collection and study areas

Sample sizes were estimated using EpiTools
(https://epitools.ausvet.com.au/oneproportion), with
an estimated proportion of 0.3, based on the previous
studies [19]. The precision of estimate and confidence
level was set as 0.05 and 0.95, respectively. The cal-
culated sample size was 323 samples. In this current
study, 339 blood samples were collected for better
representation and to account for rejected samples.
In 2016-2018, blood samples were collected from
free-ranging, long-tailed macaques inhabiting three
locations adjacent to human communities in Thailand,
including Samut Songkhram, Chonburi, and Phuket

provinces. Macaques have been causing a lot of trou-
ble near human residences in these areas (Figure-1).
For each macaque, 2 mL of venous blood was col-
lected in an EDTA tube. The samples were then trans-
ported on ice to the laboratory and stored at —40°C
until further processing.

Molecular analysis

DNA was extracted from 200 puL of each EDTA
blood sample using an EZNA® Tissue DNA Extraction
Kit (OMEGA Bio-tek Inc.; USA), according to the
manufacturer’s instructions. Extracted DNA samples
were stored at —40°C until molecular analyses.

A previously described broad-range nested
PCR protocol based on the /6S rRNA gene [23]
was used to amplify Mycoplasma spp. DNA
using two sets of oligonucleotides. The primer
sequences for the primary PCR were VI1-F
(5’-AGAGTTTGATCCTGGCTCAG-3’) and V9-R
(5’-GNTACCTTGTTACGACTT-3’). The PCR mix-
ture for primary PCR contained 1x PCR buffer, 2 mM
MgCl,, 0.2 mM dNTPs, 1 uM of each primer, 0.04
U/uL Taq DNA polymerase, and 1 uL of DNA tem-
plate; the volume was brought up to 25 uL with water.
Cycling conditions were as follows: 5 min denatur-
ation at 95°C, followed by 40 cycles of 95°C for 1
min, 50°C for 1 min, and 72°C for 1 min, and a final
extension of 72°C for 10 min. The expected length
of the primary PCR product was approximately 1400
bp. The primer sequences for the secondary PCR
were V3-F (5’-ACTCCTACGGGAGGCAGCAG-3’)
and V6-R (5’-CGACAGCCATGCANCACCT-3’).
The PCR mixture for nested PCR contained 1x PCR
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Figure-1: Locations of sampling sites. (https://commons.
wikimedia.org/wiki/File:Thailand_location_map.svg).
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buffer, 2 mM MgCl,, 0.2 mM dNTPs, 1 uM of each
primer, 0.04 U/uL Taq DNA polymerase, and 1 uL of
DNA template; the volume was brought up to 25 uL
with water. The PCR cycling conditions were as fol-
lows: 95°C for 5 min, followed by 45 cycles of 95°C
for 1 min, 55°C for 45 s, and 72°C for 45 s, and a final
extension of 72°C for 10 min. The expected length of
the nested PCR product was approximately 700 bp.

The PCR products were identified using elec-
trophoresis on a 1.2% (w/v) agarose-TAE gel and
visualized with ultraviolet transilluminator after
staining the nucleic acids with GelStar® (Cambrex
BioScience; Rockland, USA). All PCR-positive
samples with amplicons of the correct size were sub-
mitted for DNA purification and sequencing. The
sequences were compared with published sequences
in the GenBank nucleotide database using the BLAST
program of the National Center for Biotechnology
Information.

Phylogenetic analysis

Nucleotide sequences from the /65 ¥rRNA gene
of hemoplasma obtained from the samples together
with reference sequences downloaded from GenBank
were aligned using the BioEdit program version 7.5.2.
The phylogenetic analysis of the nucleotide sequences
was conducted using the maximum likelihood method
based on the Kimura 2-parameter model in the Mega 7
software (http://www.megasoftware.net/). A bootstrap
analysis was used to assess the robustness of the clus-
ters using 1000 replicates.

Statistical analysis

Statistical analysis was performed using mul-
tivariable logistic regression, odds ratio (OR), 95%
confidence interval (95% CI), and p-values, to deter-
mine the associations between hemoplasma infection
and host gender or host location. Results were consid-
ered significantly different when p<0.05.

Results

Prevalence of hemoplasma infection

PCR amplification of the /16S rRNA gene frag-
ments revealed that 11.2% (38/339; 95% CI: 8.0%-
15.1%) of long-tailed macaques were positive
for hemoplasma. The infection rate among male
macaques was determined to be 11.2% (31/278; 95%
CI: 7.7-15.4%), and the infection rate among female
macaques was 11.5% (7/61; 95% CI: 4.7-22.2%).
The infection rates from the Samut Songkhram,
Chonburi, and Phuket samples were 8.0% (2/25; 95%
CI: 1.0-26.0%), 9.6% (23/240; 95% CI: 6.2-14.0%),
and 17.6% (13/74; 95% CI: 9.7-28.1%), respectively
(Table-1). No significant associations were observed
between hemoplasma infection rate and sex or loca-
tion of macaques (Table-1).

DNA sequencing demonstrated that all hemo-
plasma sequences detected in the long-tailed
macaques shared percentages of identity ranging from
98.94% to 99.84% with “Ca. M. haemomacaque.”

“Ca. M. haemomacaque” was detected in cynomol-
gus macaques in the USA (KC512401) and Japanese
macaques in Japan (AB820288). The /165 rRNA gene
sequences of “Ca. M. haemomacaque” from this cur-
rent study were deposited in GenBank under acces-
sion numbers: MW040084-MW040119.

Phylogenetic analysis

A maximum-likelihood phylogenetic anal-
ysis based on the /6S rRNA gene was performed
using randomly selected positive samples from
this current study, together with previously pub-
lished sequences from the GenBank database. The
phylogenetic tree revealed two distinct clades of
hemoplasmas: The haemofelis group and the hae-
mominutum group. The hemoplasmas detected in
this current study were clustered in the haemofe-
lis group and were grouped in the same clade with
the “Ca. M. haemomacaque” previously detected
in Japanese macaques (M. fuscata) from Japan
(AB820288), rhesus macaques (M. mulatta) from
Thailand (MK192131), and long-tailed macaques
(M. fascicularis) from the USA (KC512401) and
Thailand (MK192130) (Figure-2).

Discussion

The results of this investigation demonstrate
the occurrence and genetic diversity of hemoplasmas
in free-ranging long-tailed macaques in the east and
south of Thailand. The prevalence of “Ca. M. hae-
momacaque” infection in long-tailed macaques in
this current study was 11.2%, which was lower than
previously reported occurrences in the USA (84.6%,
44/52) and Thailand (55.1%, 125/227) [16,17].
Besides long-tailed macaques, “Ca. M. haemoma-
caque” has been detected in 100% (9/9) of M. fus-
cata in Japan [17] and 65.7% (23/35) of M. mulatta
in Thailand [17].

In this study, no significant differences were
noted in terms of the prevalence of hemoplasma
according to animal gender and location of the
macaques. However, a previous study showed
that the prevalence of hemoplasma infection in
female long-tailed macaques was higher than that
in male long-tailed macaques from Thailand [17].
Conversely, a higher prevalence of hemoplasma
infection in male macaques was reported in non-hu-
man primates in Brazil, which was possibly due to
transmission by the aggressive behavior of male ani-
mals [19].

Phylogenetic analysis indicated that the /65
rRNA sequences detected in the long-tailed macaques
in this current study were clustered into the group
“Ca. M. haemomacaque,” which was similar to the
sequences detected in M. fisscata in Japan [18] and M.
fascicularis and M. mulattain Thailand [17]. Moreover,
the occurrence of other hemoplasmas among differ-
ent non-human primate species around the world has
been reported, including “Ca. M. kahanei” in squirrel
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Table-1: Collection details and numbers of hemoplasma-positive samples and odds ratio of hemoplasma infection

between sex and location.

Variable No. of animals Positive n (%) 95% CI of proportion OR 95% CI of OR p-value
Sex

Male 278 31 (11.2) 7.7-15.4 1

Female 61 7 (11.5) 4.7-22.2 1.16 0.48-2.82 0.741
Location

Chonburi 240 23 (9.6) 6.2-14.0 1

Samut Songkhram 25 2 (8.0) 1.0-26.0 0.81 0.18-3.66 0.784

Phuket 74 13 (17.6) 9.7-28.1 2.04 0.97-4.30 0.060
Total 339 38 (11.2) 8.0-15.1

OR=0dds ratio, CI=Confidence interval

Ca. M. haemomacaque, M. fascicularis, Thailand (MK192130)

- Ca. M. haemomacaque (SS05), M. fascicularis, Thailand (MW040084)

Ca. M. haemomacaque (CH232), M. fascicularis, Thailand (MW040119)
Ca. M. haemomacaque (CH226), M. fascicularis, Thailand (MW040118)
Ca. M. haemomacaque (CH102), M. fascicularis, Thailand (MW040113)
Ca. M. haemomacaque (CH10), M. fascicularis, Thailand (MW040098)
Ca. M. haemomacaque (PK26), M. fascicularis, Thailand (MW040090)
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Figure-2: Phylogenetic tree based on 16S rRNA gene sequences of Mycoplasma genus produced using maximum likelihood

method. Sequences detected in the current study are in bold.

monkeys and howler monkeys [13,14] and “Ca. M.
aoti” in owl monkeys [15].

A few previous studies described the occurrence
of veterinary hemoplasma species as zoonotic agents,
including a M. haemofelis-like species in Brazil and
M. suis in China [4,21]. The presence of the same
infective hemoplasma species in different hosts sug-
gests its transmission to other species. Although there
are no reports of macaque hemoplasmas in humans,
continued investigations into the epidemiology of
hemoplasmas in non-human primates, including

Ca. M. haemomacaque, are important, as the hemo-
plasmas might also eventually infect humans. In addi-
tion, surveys of hemoplasmas among humans in the
same environment as macaques are also necessary.
The natural transmission routes of hemoplasma
in non-human primates remain to be unclear. A previ-
ous study described the presence of hemoplasma DNA
in Amblyomma spp. and in lice from rats [3]. However,
a limited number of reports describe the vectors of
hemoplasmas among non-human primates. Therefore,
to reduce the spread of hemoplasma among macaques,
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additional epidemiological studies are recommended
to identify the reservoirs and vectors of hemoplasma
in Thailand. In addition, further studies should include
investigations of hemoplasmas in various species of
non-human primates in other areas in Thailand, as
well as in captive monkeys, to improve our under-
standing of the transmission of these parasites.

Conclusion

As per our findings, it was determined that long-
tailed macaques in Thailand can be infected and serve
as reservoirs for hemoplasmas. Sequencing and phy-
logenetic analysis of the /6S rRNA gene revealed
that all hemoplasmas detected in the macaques in
this study were “Ca. M. haemomacaque,” suggesting
that the same strain is circulating among long-tailed
macaques in many areas in Thailand.
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