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Abstract

Objectives This study examined feline haemoplasmas (Mycoplasma haemofelis, ‘Candidatus Mycoplasma
haemominutum’ [CMhm] and ‘Candidatus Mycoplasma turicensis’) infecting Thai domestic cats, using the 16S and
23S rRNA genes as genetic markers.

Methods Blood samples from 20 cats were obtained from a diagnostic laboratory and nucleic acids were extracted
from each sample using a commercial kit. PCR targeting the 16S rRNA gene was used to screen haemoplasmas in
the samples. Positive PCR samples were further sequenced using the 16S and 23S rRNA genes. The sequences
from each genetic marker were analysed using Nucleotide BLAST, phylogeny and genetic network analyses.
Results Among the 20 samples, five were infected with haemoplasmas. In the 16S rRNA gene sequencing, four
sequences were assigned to CMhm and the remaining sequence was likely to be a closely related species of CMhm.
In the 23S rRNA gene sequencing, four sequences from the same samples used for 16S rRNA gene sequencing were
identified as CMhm and one sequence could be a putative novel haemoplasma species closely related to CMhm.
Conclusions and relevance Only CMhm and its closely related species were identified in this study. Although
CMhm has been recognised as a low-virulence parasite, cases of severe anaemia in cats infected with CMhm
have been found. Thus, such cases could be confirmed via the analysis of 16S and 23S rRNA genes. Furthermore,
molecular detection and genetic analyses of feline haemoplasmas in additional cat blood samples should be
conducted using PCR assay and DNA sequencing based on universal primers of 16S rRNA and 23S rRNA genes
to enable more specific identification.

Plain language summary

Detection of blood parasites in Thai cats: finding ‘Candidatus Mycoplasma haemominutum’ and similar
species using universal primers

This study focused on identifying blood parasites called haemoplasmas that infect cats in Thailand. Specifically,
it looked at three species: Mycoplasma haemofelis, Candidatus Mycoplasma haemominutum (CMhm) and
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Candidatus Mycoplasma turicensis. Researchers tested blood from 20 cats using a PCR targeting the 16S
rBNA gene to see if they were infected. They found that five of the cats were infected with haemoplasmas.
Further analysis showed that four of the samples were infected with CMhm, while one sample likely had a
closely related species. This was confirmed by sequencing two genetic markers, the 16S and 23S rRNA
genes. Even though CMhm is usually considered a low-risk parasite, it has been linked to severe anaemia in
some cats. This study highlights the importance of using PCR targeting the 16S rRNA and 23S rRNA genes to
better understand and identify these infections. The researchers recommend further testing of more cat blood
samples to help with more accurate identification of these parasites.
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Introduction

Haemotropic mycoplasmas (haemoplasmas) comprise
a group of mollicutes bacteria that lack a cell wall,
parasitise erythrocytes and induce haemolytic anae-
mia in mammals.!?2 In domestic cats, three common
haemoplasma species, Mycoplasma haemofelis (Mhf),
‘Candidatus Mycoplasma haemominutum’ (CMhm) and
‘Candidatus Mycoplasma turicensis’ (CMt), have been
described.?# These species have been reported in domes-
tic cats from several countries, including Brazil,> Canada,®
Chile,” China,® India,’ Iran,'0 Italy,!! Japan,!? Spain,!3
Switzerland,!* Thailand,!5-17 the UK!® and the USA.?

The 16S rRNA gene has been commonly used as
a genetic marker to characterise haemoplasmas at the
species level;, however, some strains cannot be specified
at the species level using this marker alone because of
their close phylogenetic relationships.?’ Therefore, other
genetic markers (eg, dnak, gryB, rpoB, rpoC and 23S
rRNA) should be considered to distinguish certain closely
related haemoplasma species.?-?> For example, four hae-
moplasma species were characterised in Thai pigs using
the 16S rRNA gene;? however, Mycoplasma suis samples
have been frequently studied with the 23S rRNA gene
and have been divided into two closely related species.?”
In addition, haemoplasmas in blood-sucking flies from a
buffalo farm in Thailand were studied by targeting the
16S rRNA gene and the results suggested the existence of
two subgroups of Mycoplasma wenyonii.? Representative
samples from these subgroups were further confirmed
via 23S rRNA gene sequencing to be closely related
but different species.?® Thus, sequencing targeting the
16S and 23S rRNA genes would be more beneficial for
distinguishing haemoplasmas at the species level than
sequencing the 165 rRNA gene alone.

Although numerous studies have reported feline hae-
moplasmas, there has been no genetic characterisation
using the 23S rRNA gene in field samples. Moreover, the
previously submitted partial sequences of the 165 rRNA
gene from Thai isolates of CMhm appeared to be divided

into two subgroups based on re-analysis using phylogeny
and genetic network analyses.? Therefore, in the present
study, established protocols for haemoplasma detection
via 165 and 23S rRNA genes were initially used to study
feline haemoplasmas in blood samples from Thai cats.

Materials and methods

Ethics and biosafety

This study was approved by the Chulalongkorn
University Animal Care and Use Committee (protocol
number 2331079). The sampling and laboratory pro-
cedures were approved by the CUVET-Institutional
Biosafety Committee (protocol number 2331027).

Samples, nucleic acid extraction and

haemoplasma detection

Atotal of 20 remnant blood samples from client-owned cats
were obtained in 2023 from the Chulalongkorn University
Veterinary Diagnostic Laboratory. Unfortunately, general
information and the health status of the cats were not avail-
able. Nucleic acid was extracted from each blood sample
using the IndiSpin Pathogen Kit (INDICAL BIOSCIENCE)
according to the manufacturer’s instructions. All nucleic
samples were stored at —40°C until PCR analysis.

The presence of haemoplasmas in all nucleic acid
samples was examined by PCR targeting the 165 rRNA
gene as previously described.?¢ PCR products were elec-
trophoresed in a 1.5% agarose gel (Bio Basic) containing
RedSafe (iNtRON Biotechnology) for 35mins at 110V and
400mA. An ultraviolet transilluminator was employed to
visualise the expected band, approximately 1000 bp,% on
the agarose gel.

DNA sequencing and genetic analyses

PCR products with the expected bands were purified from
the agarose gel using a GenepHlow Gel /PCR Kit (Geneaid
Biotech) and submitted for bidirectional sequencing
at U2Bio DNA sequencing service in Thailand. Primer
sequences were trimmed using MEGA X.30 All sequences
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were deposited in GenBank under the accession numbers
PQO045759-PQ045763. Nucleotide BLAST (BLASTn) was
used to determine the percent identity of sequences com-
pared with those already deposited in GenBank.3!

All sequences were aligned with those of other haemo-
plasma species using ClustalW multiple sequence align-
ment in MEGA X.332 In addition, Mycoplasma bovis strain
CQ-W70 (CP005933) was used as an outgroup, represent-
ing a taxon outside the interesting group of haemoplasmas.
‘Find Best DNA /Protein Models (ML)” was used to deter-
mine the optimal model for phylogenetic tree construction.
A phylogenetic tree based on the 165 rRNA gene was gen-
erated in MEGA X using the following settings: maximum
likelihood method, Tamura 3-parameter (T92) model, a dis-
tinct Gamma distribution, all sites for gaps or missing data
treatment and 1000 bootstraps.3? Two genetic networks (host
species and countries) based on the Templeton—Crandall-
Sing (TCS) method of CMhm 16S rRNA sequences were
generated using PopART version 1.7.333

Genetic characterisation based on the 23S rRNA gene
Nucleic acid samples with positive PCR results were sub-
jected to nested PCR targeting the 23S rRNA gene using
primers from a previous study.?® Two rounds of PCR were
performed using GoTaq Green Master Mix (Promega)
and the T100 Thermal Cycler (Bio-Rad). PCR products
were separated by 1.5% gel electrophoresis, purified from
the agarose gel, submitted for bidirectional sequencing
and analysed as described for the 16S rRNA gene. All
sequences were deposited in GenBank under the acces-
sion numbers PQO083076-PQ083080.

Results

PCR demonstrated that 5/20 (25%) samples were
infected with haemoplasmas. The results of the 16S and
23S rRNA gene analysis via BLASTn are presented in
Table 1. Phylogenetic analysis of the 16S rRNA gene
revealed two groups of haemoplasmas (Haemominutum
and Haemofelis groups) (Figure 1). CMhm sequences
were placed in the Haemominutum group. CMhm
sequences from this study and previously deposited
sequences could be roughly divided into three subgroups:

A, B and C. Four sequences (PQ045760-PQ045763) were
placed in subgroup A with the Birmingham 1 strain
(HE613254)3¢ and California strain (U88564).57-3° One
sequence (PQ045759) was placed in subgroup C with
other sequences, such as isolate Purdue (FJ004275),40
clone A1 (MN543623)* and isolates from wild felids
(DQ825456 and D(Q825457);4 however, none were placed
in subgroup B. Moreover, the genetic networks of CMhm
showed that the sequences from GenBank were diverse
with several nucleotide sequence types (ntSTs) and have
been detected in several hosts and countries (Figure 2).

In the phylogenetic analysis of the 23S rRNA gene
(Figure 3), CMhm sequences were also placed into the
Haemominutum group. Despite limited information on
23S rRNA sequences in the database, CMhm sequences
could still be divided into subgroups A and B. CMhm
subgroup A consisted of four sequences from this study
(PQO83077-PQ083080) and the Birmingham 1 strain.
Only one sequence (PQ083076) from this study was cat-
egorised into a distinct clade (subgroup B) closely related
to CMhm. In the genetic network of the 23S rRNA gene
(Figure 4), PQ083076 was separated from the CMhm
cluster, suggesting that this sequence is another putative
novel species closely related to CMhm.

Discussion

This study supports the use of the 23S rRNA gene to dis-
tinguish haemoplasmas at the species level as previously
described.?’ Phylogenetic analysis revealed the existence
of a CMhm complex consisting of CMhm (subgroup A)
and its closely related species based on the 165 rRNA
gene. Sequences in subgroup A could be CMhm as initially
described® because of their grouping with the Birmingham
136 and California®-* strains. This was also confirmed via
the analysis of 235 rRNA sequences. In subgroup C, only
one sequence from this study was confirmed using the 235
rRNA gene. The results of the genetic analyses suggested
that subgroup C could be a putative novel species closely
related to CMhm. Unfortunately, samples belonging to
subgroup B were not found in this study. Thus, subgroup
B could not be characterised as another closely related spe-
cies of CMhm. Other clinical information (health status,

Table 1 Nucleotide BLAST results of the partial 16S and 23S rRNA gene sequences from five samples of haemoplasma

in Thai cats

Sample ID  16S rRNA gene 23S rRNA gene
Accession  Closest Species Identity (%) Accession  Closest Species Identity (%)
number sequence number sequence

F66 PQ045759 MN543623 CMhm 99.90 PQ083076 HE613254  CMhm 96.69

F73 PQ045760 KR905451  CMhm 100 PQ083077 HE613254  CMhm 100

F80 PQ045761 KR905451  CMhm 100 PQ083078 HE613254 CMhm 99.53

F92 PQ045762 KR905451  CMhm 100 PQ083079 HE613254  CMhm 99.53

FI3 PQ045763 KR905451  CMhm 100 PQ083080 HE613254  CMhm 99.53
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98 | Candidatus Mycoplasma haemominutum FC21 ~ Fishing cat (Prionailurus viverrinus) — Thailand (KU45935)

Candidatus Mycoplasma haematoparvum c8591 — Dog — USA (KF366443)
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Candidatus 58/09 - Cat - Ital

|
Candidatus Mycoplasma haemominutum 09/09° - Cat — Ilaly (KR905451)
© Mycoplasma sp. F93 - Cat - Thailand (PQ045763)
® Mycoplasma sp. F92 - Cat - Thailand (PQ045762)
® Mycoplasma sp. F80 - Cat - Thailand (PQ045761)

Candidatus 1020.14 - Cat — (DQ157143)
® Mycoplasma sp. F73 - Cat - Thailand (PQ045760)
Candidatus i 1009.6 - Cat - Swi (0Q157142)

Candidatus Mycoplasma haemominutum 2011/65 — European wildcat (Felis silvestris silvestris) - Germany (ON202711)
Candidatus Mycoplasma haemominutum FC16 — Cat — USA (KF743737)

Candidatus Mycoplasma haemominutum IT238_3 — Cat - ltaly (EU839983)

Candidatus Mycoplasma haemominutum IT126_15 — Cat - Italy (EU839981)

Candidatus Mycoplasma haemominutum — Cat — Hungary (EU128752)

Candidatus Mycoplasma haemominutum IT144_10 — Cat - Italy (EU839979)

Candidatus Mycoplasma haemominutum IT126_2 — Cat - Italy (EU839980)

Candidatus Mycoplasma haemominutum Birmingham — Cat — United Kingdom (AF271154)

Candidatus 1009.5 - Cat— (DQ157141)
Candidatus 1020.17 - Cat - Swi (DQ157144)
79 | Candidatus i 361707.2 - Cat - Swi (DQ157145)

Candidatus Mycoplasma haemominutum 36/09* — Cat — ltaly (KR905456)

Candidatus Mycoplasma haemominutum 44/09* — Cat - ltaly (KR905454)

Candidatus Mycoplasma haemominutum Cat3 — Cat - Iran (KU852585)

Candidatus Mycoplasma haemominutum Birmingham 1 — Cat - United Kingdom (HE613254)

Candidatus Mycoplasma haemominutum FC25 — Cat - USA (KF743738)

Candidatus Mycoplasma haemominutum 21/10° — Cat ~ ltaly (KR905452)

Candidatus Mycoplasma haemominutum 56/09B - Cat — ltaly (KR905457)

Candidatus 361707.4 - Cat - Swi (DQ157146)

Candidatus i CMhm-flea-Hu-1 - felis - Hungary (EU170604)

Candidatus Mycoplasma haemominutum California — Cat — USA (U8B564)

Candidatus 402799.11- Cat— (DQ157148)

Candidatus Mycoplasma haemominutum UK no.1 — Cat - United Kingdom (AY150980)

Candidatus 16 - Cat - China

Candidatus Mycoplasma haemominutum A3 - Cat ~ Chile (MN543625)

Candidatus 85 - Cat - Brazil

Candidatus Mycoplasma haemominutum - Dog — China (AM691834)

Candidatus Mycoplasma haemominutum A8 — Cat ~ Brazil (KM275248)

Candidatus E3 - Cat - Brazil (

Candidatus Mycoplasma haemominutum FC30 - Cat - USA (KF743739)

Candidatus Mycoplasma haemominutum 18 — European wildcat (Felis silvestris silvestris) - France (DQ825443)

Candidatus Mycoplasma haemominutum 398/098 — Cat ~ ltaly (KR905455) i

Candidatus Mycoplasma haemominutum A6 — Cat — Chile (MN543628) Subgroup A M. suis

Candidatus Mycoplasma haemominutum FC18 — Fishing cat (Prionailurus viverrinus) - Thailand (KU645934) (Haemominutum)
Candidatus Mycoplasma haemominutum 187 — Iberian lynx (Lynx pardinus) — Spain (DQ825444)

Candidatus Mycoplasma haemominutum IT238_10 — Cat - ltaly (EU839984) group
Candidatus Mycoplasma haemominutum 209 ~ Iberian lynx (Lynx pardinus) — Spain (DQ825446)

b | Candidatus Mycoplasma haemominutum A9 — Cat — Chile (MN543631)

Candidatus Mycoplasma haemominutum 111 - Margay (Leopardus wiedii) — Brazil (DQ825440)

9 |l Candidatus Mycoplasma haemominutum A8 - Kodkod (Leopardus guigna) — Chile (MN543630)

Candidatus Mycoplasma haemominutum — Dog — USA (AY297712)

1S | Candidatus Mycoplasma haemominutum 68 — Oncilla (Leopardus tigrinus) — Brazil (DQ825439)

Candidatus Mycoplasma haemominutum H4 — Cat — Brazil (KM275257)

Candidatus Mycoplasma haemominutum Hiroshima cat no. 6439 — Cat — Japan (AY529634) Sub. B

Candidatus Mycoplasma haemominutum IT238_17 — Cat  Italy (EU839985) ubgroup

Candidatus Mycoplasma haemominutum 94-111 — Lion (Panthera leo) — Tanzania (DQ825452)

Candidatus Mycoplasma haemominutum PL1 — Persian leopard (Panthera pardus saxicolor) ~ Iran (KU852586)

Candidatus Mycoplasma haemominutum A1 — Cat ~ Chile (MN543623)

Candidatus Mycoplasma haemominutum Z7 — Eurasian lynx (Lynx lynx) - Switzerland (DQ825457)

Candidatus Mycoplasma haemominutum 5235 — Eurasian lynx (Lynx lynx) — Switzerland (DQ825456)

© Mycoplasma sp. F66 - Cat - Thailand (PQ045759)

Candidatus Mycoplasma haemominutum Purdue — Cat - USA (FJ004275)

Candidatus Mycoplasma haemominutum — Cat - Thailand (EU285281)

Candidatus Mycoplasma haemominutum PL2  Persian leopard (Panthera pardus saxicolor) ~ Iran (KU852587)

w
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CMhm complex

Candidatus Mycoplasma haemominutum FC12 — Fishing cat (Prionailurus viverrinus) — Thailand (KU45933)
Candidatus Mycoplasma haemominutum FC10 — Fishing cat (Prionailurus viverrinus) ~ Thailand (KU645932)
Candidatus i FC9 — Fishing cat ( viverrinus) - Thailand (KU45931) Subgroup C

Candidatus Mycoplasma haemozalophi C796  California sea lion - USA (GUS05012)
96 ( Mycoplasma wenyonii C031 - Cattle ~ Cuba (MG948624)
99 [ Mycoplasma wenyonii Massachusetts — Cattle - USA (CP003703)
47 1| Mycoplasma wenyonii B003 — Water buffalo — Cuba (MG348626)
Mycoplasma ovis Michigan — Sheep — USA (CP006935)
Mycoplasma wenyonii INIFAP0O2 — Cattle — Mexico (NZ_QKVO01000005)
Candidatus Mycoplasma haemnlamze Purdue - Liama — USA (CP003731)

p. Porcine ntST#26 - Pig - Thailand (OL894549)
87 1 Mycoplasma suis 13606 - Pig - Germany (FQ790233)

32 Mycoplasma parvum Indiana — Pig — USA (CP006771)
parvum P NIST#16 — Pig — Thailand (OL894539)
Cand:dalus Mycoplasma haemosuis ZJ SXSY1102 — Pig - China (JX489600)
iCandﬁdalus Porcine nIST#21 - Pig ~ Thailand (OL894544)
_97{— Candidatus Mycoplasma haemosuis 14-GN-19 — Pig — South Korea (MK492379)
Candidatus Mycoplasma turicensis 57A — Cat — United Kingdom (DQ464420)

76 | Candidatus 311 - Cattle - Swi (EF616468)
b

suis Porcine nIST#7 - Pig — Thailand (OL894530)
Mycoplasma suis linois — Pig ~ USA (CP002525)

54 || Mycoplasma sp. Porcine haemoplasma ntST#3  Pig - Thailand (OL894526)
Mycoplasma suis clone2 - Pig - Brazil (MK287839)

76, Mycoplasma haemofelis Langford — Cat ~ United Kingdom (FR773153) M. haemofelis
100 { Wycoplasma haemofelis Ohio2 - Cat - USA (CP002808) P
Mycoplasma haemocanis llinois — Dog — USA (CP003199) (Haemofelis)
Candidatus Mycoplasma haemobos INIFAPO1 — Cattle - Mexico (NZ_LWUJ01000012) g rou p

Candidatus Mycoplasma haemobos B0O1 — Water bualo — Cuba (MG948631)

HN1841 - ‘microplus — China (MH388480)

010

bovis CQ-W70 - Cattle - China (CP005933)

Figure 1 Phylogenetic relationships of the 16S rRNA sequences from Candidatus Mycoplasma haemominutum (CMhm)
obtained in this study, previously deposited CMhm sequences and other haemoplasma species (approximately 960bp). The
tree was constructed in MEGA X based on the maximum likelihood method. The partial sequence of the 16S rRNA gene from
Mycoplasma bovis strain CQ-W70 (accession number CP005933) was used as an outgroup

retroviral infection, anaemia and other concurrent dis-
eases) for the cats in this study is unavailable. However,
linking this putative novel species with clinical aspects
would help practitioners better understand haemoplasma
infection in cats. Thus, further studies should be conducted
on the pathobiology of this novel species and its associa-
tion with other diseases and infections.

In 2013, M haemomuris in rodents was classified into
two clusters in 2013% using the 16S and 23S rRNA ITS

genes. In 2015, these clusters were proposed to be named
‘Candidatus Mycoplasma haemomuris subsp musculi” and
‘Candidatus Mycoplasma haemomuris subsp ratti” using
rnpB and dnaK genes.** In pigs, ‘Candidatus Mycoplasma
haemosuis” was first identified in 2017 using the 16S
rRNA gene and rnpB.*> Moreover, several studies used
the 23S rRNA gene to confirm novel haemoplasma spe-
cies in wildlife, such as capybaras,* lowland tapirs,*
porcupines,® coatis*® and opossums.*’ Thus, molecular
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Figure 2 Genetic networks of the 16S rRNA sequences from Candidatus Mycoplasma haemominutum (approximately 960 bp)

constructed via PopART 1.7 based on the Templeton-Crandall

-Sing method. Each circle represents a different nucleotide

sequence type (ntST). The size of the circle represents a number of sequences, whereas the colour within the circle represents

the reported host (a) species and (b) countries. Bars between

ntSTs indicate the number of nucleotide differences. Labels

next to circles are the representative GenBank accession numbers of each ntST. The bold ntSTs with an asterisk (*) contain

sequences from this study

detection and genetic analyses of feline haemoplasmas
using the 165 rRNA gene together with other genetic
markers (eg, rnpB, dnaK and the 235 rRNA gene) should
be further investigated to confirm feline haemoplasmas
at the species level.

Previously, some studies used the 165 rRNA gene
to study feline haemoplasmas at the species level;
for instance, three feline haemoplasma species were
detected in client-owned cats,!® semi-domesticated
cats!® and stray cats!” in Thailand. Two species (Mhf and

CMhm) have been reported in fishing cats® and in the
flea pools of Thai cats.5! Only CMhm was detected in
fleas collected from cats in Indonesia and Vietnam.>?
Positive amplicons of haemoplasmas from cat fleas may
represent Spiroplasma or other bacteria.>® Similarly, the
PCR primers used in this study could amplify other bac-
terial species in blood-sucking flies, such as Arsenophonus
nasoniae, Providencia species and Providencia stuartii;*
therefore, confirming positive amplicons using DNA
sequencing is essential when working with fleas or other
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100 | Mycoplasma parvum D601 — Pig — Thailand (OQ421848)
Mycoplasma parvum Indiana — Pig — USA (CP006771)
Mycoplasma parvum ID78 — Pig — Thailand (OQ421829)
Mycoplasma sp. nov. STID58 — Pig — Thailand (OM100913)

Mycoplasma sp. nov. ID122 — Pig — Thailand (0Q421864)
g9 'Mycoplasma sp. nov. D61 - Pig — Thailand (0Q421861)
Mycoplasma sp. nov. closely related to Mycoplasma suis ID80 - Pig — Thailand (OQ421835)

Mycoplasma sp. nov. closely related to Mycoplasma suis ID17 — Pig — Thailand (OQ421833)
Mycoplasma suis 1D126 — Pig — Thailand (0Q421827)
Mycoplasma suis ID11 — Pig — Thailand (0Q421825)

My::aplasma suis llinois — Plg USA (CP002525) M. suis
M: CSL 7860 — California sea lion — USA (GUS05006) .
Candrda[us Mycoplasma haemolamae Purdue — Llama — USA (CP003731) (Haemominutum)
Mycoplasma sp. 1455-22 — Southern sea otter — USA (0Q723168) group

Mycoplasma sp. 1442-22 — Southern sea otter — USA (0Q723161)
® Mycoplasma sp. F66 — Cat — Thailand (PQ083076) Subgroup B
Candidatus Mycoplasma haemominutum Birmingham1 — Cat — United Kingdom (HE613254)
® Mycoplasma sp. F73 — Cat — Thailand (PQ083077)
100 || ® Mycoplasma sp. F80 — Cat — Thailand (PQ083078)
® Mycoplasma sp. F92 - Cat - Thailand (PQ083079)
991 @ Mycoplasma sp. F93 — Cat — Thailand (PQ083080)
60 — Mycoplasma wenyonii INIFAP02 — Cattle — Mexico (NZ_QKVO01000005)
;E

Subgroup A

Mycoplasma ovis Michigan — Sheep — USA (CP006935)
89 [ Mycoplasma sp. nov. closely related to Mycoplasma wenyonii 4208 — Tabanus megalops — Thailand (OM756782)
Mycoplasma wenyonu SC13 — Stomoxys calcitrans — Thailand (OM756781)

1 — Cattle — USA (CP003703)
99 | Candidatus Mycoplasma haemosuls D8 — Pig — Thailand (0Q421854)
Candidatus Mycoplasma haemosuis D160 — Pig — Thailand (OQ421855)
C: INIFAPO1 — Cattle — Mexico (NZ_LWUJ01000012)
Mycoplasma haemocanis lllinois — Dog — USA (CP003199)
100 Mycoplasma haemofelis Langford1 — Cat — United Kingdom (FR773153)
83 Mycoplasma haemo!ells Ohio2 —- Cat — USA (CP002808)
bovis CQ-W70 — Cattle — China (CP005933)

M. haemofelis
(Haemofelis)
group

050

Figure 3 Phylogenetic relationships of the 23S rRNA sequences from Candidatus Mycoplasma haemominutum (CMhm)
obtained in this study, previously deposited CMhm sequences and other haemoplasma species (approximately 1060bp). The
tree was constructed in MEGA X based on the maximum likelihood method. The partial sequence of the 16S rRNA gene from
Mycoplasma bovis strain CQ-W70 (accession number CP005933) was used as an outgroup

HE613254
PQ083077

CMhm

PQ083076

Mycoplasma sp.
closely related to CMhm
PQ083078
PQ083079
PQ083080

Figure 4 Genetic network of the 23S rRNA sequences from
Candidatus Mycoplasma haemominutum (approximately

960 bp) constructed via PopART 1.7 based on the Templeton—
Crandall-Sing (TCS) method. Each circle represents a
different nucleotide sequence type (ntST). Bars between
ntSTs indicate the number of nucleotide differences. Labels
next to circles are the representative GenBank accession
numbers of each ntST

insects.?85% CMhm has also been detected in European
wildcats in Germany without evidence of other feline
haemoplasma species.>* Thus, because of hidden closely
related species within the CMhm complex, the prob-
ability of detecting CMhm was likely higher than that
of other species. Importantly, CMhm has been recog-
nised as a low-virulence parasite of cats with minor or
absent clinical diseases;? however, there is evidence that
CMhm is a causative agent of anaemia in cats without
concurrent diseases from Thailand>% and Germany.>”
Notably, most CMhm-like sequences of the 165 rRNA
gene in GenBank have been characterised as CMhm
and so BLASTn results should be interpreted carefully

with further investigation. We hypothesised that other
virulent species might be grouped within the CMhm
complex, emphasising that 165 rRNA gene sequences
alone cannot differentiate some closely related haemo-
plasmas at the species level, especially CMhm and its
closely related species.

The zoonotic potential and cross-species transmission
of feline haemoplasmas should be considered. Mhf-like
infection has been reported in a patient with HIV, and
CMhm has been detected in dogs from China,* Japan,®
Thailand,®! Tiirkiye®? and the USA (AY297712). In addi-
tion, interspecies transmission from other mammals to
cats and wild felids should be considered. For example,
Ca M haematoparvum-like species have been detected
in cats from Portugal®® and the USA.% In European
wildcats, one sample was infected with Mycoplasma ovis
(ON202709);%* therefore, using species-specific primers
for haemoplasmas in domestic cats and wild felids may
overlook uncommon species within this group. More reli-
able genetic markers, such as the 23S rRNA gene, would
enhance our understanding of haemoplasma classifica-
tion at the species level.

Conclusions

In the present study, CMhm and closely related species
were detected in blood samples from Thai cats using the
16S and 23S rRNA genes. However, further molecular
detection and genetic analysis of feline haemoplasmas
using these markers should be conducted in larger sample
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sizes, both in Thailand and other countries. In addition,
research into the pathobiology and clinical outcomes
of infection, such as signs of anaemia, associated with
species closely related to CMhm is warranted.
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