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Abstract
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Background: In addition to Mycoplasma haemocanis and Candidatus Mycoplasma haematoparvum, a few hemo-
plasma species that mainly infect other livestock have been detected in dogs. ‘Candidatus Mycoplasma haemobos’ (Ca.
M. haemobos) has been found in a variety of animals in China. The present study was aimed to investigate the occur-
rence of ‘Ca. M. haemobos’ infections in dogs and ticks collected from the Henan province, China.

Results: Overall, 55 dog blood samples and 378 ticks on skins were collected from anemic and healthy dogs, and
these samples were subjected to PCR, sequence analysis, and identification. The results showed that Haemaphysalis
longicornis (266) and Rhipicephalus (Boophilus) microplus (112) were the only two parasitic ticks on dogs. Molecular
detection revealed that 163 M. haemocanis, 88 ‘Ca. M. haemobos’and 32 Anaplasma platys positive amplicons could
be amplified from dogs, H. longicornis and R. (B.) microplus. In addition, co-infections (M. haemocanis + A. platys and

Conclusions: To the best of our knowledge, this is the first molecular evidence of ‘Ca. M. haemobos’ natural infection
in dogs and tick species identified as H. longicornis and R. (B.) microplus from China.
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Background

Hemoplasmas are small unculturable bacteria that reside
on the surface of erythrocytes. Based on the sequences
of 16S rRNA analysis, these pathogens were reclassi-
fied as genus Mycoplasma [1]. Mycoplasma haemocanis
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(M. haemocanis) and Candidatus Mycoplasma haema-
toparvum (C. M. haematoparvum) are the two main
hemoplasmas that infect dogs [2, 3]. However, a few
hemoplasma species that mainly infect other livestock
have been detected in dogs: in China and Japan Candi-
datus Mycoplasma haemominutum, which mainly infects
cats, was found in blood samples collected from dogs [4,
5]. In the USA, Mycoplasma ovis mainly infects goats and
sheep and was found in splenic hemangiosarcoma sam-
ples collected from dogs [6]. In Australia ‘Candidatus
Mycoplasma haemobos’ (‘Ca. M. haemobos)) was detected
in two blood samples collected from dogs [7, 8].
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‘Candidatus Mycoplasma haemobos’ is an emerg-
ing pathogen found in a variety of hosts, including cat-
tle (Bos taurus) [9—13], water buffalo (Bubalus bubalis)
[14], red deer (Cervus elaphus) [15], fallow deer (Dama
dama) [15], roe deer (Capreolus capreolus) [15], goats
(Capra aegagrus hircus) [16], and sheep (Ovis aries) [16].
These natural infections can cause anemia [13, 16, 17],
transient fever [16], lymphadenopathy [13, 17], anorexia
[18], weight loss and decreased milk production [18, 19].
Natural infections of ‘Ca. M. haemobos’ have been found
in Africa [20, 21], Asia [10, 16, 22, 23], Europe [12, 15]
and South America [14, 24]. In backyard farms in central
China, ‘Ca. M. haemobos’ has been verified in goats and
sheep, and Rhipicephalus (Boophilus) microplus (R. (B.)
microplus) ticks can serve as a vector and reservoir in the
transmission of ‘Ca. M. haemobos’ [16, 25]. In these back-
yard farms, dogs are usually housed for guarding homes
and livestock in grasslands, so the dogs share the same
living areas with goats and sheep. Considering that the R.
(B.) microplus can parasitize all three species of animals
[26-28], whether the ticks could transmit ‘Ca. M. haemo-
bos’ to dogs is unknown. This study aimed to investigate
the occurrence of ‘Ca. M. haemobos’ infections in dogs
and ticks collected from the Henan province in central
China. In addition, other pathogens including Ehrlichia
canis, Anaplasma platys (A. platys) [29], Babesia and
Theileria [30] were also investigated due to similar ane-
mia symptoms in dogs.

Methods

Animals, blood and tick sample collection

The sample collection were conducted from April to
July during the peak season of ‘Ca. M. haemobos’ infec-
tions and tick activities between 2019 and 2020 in rural
areas of Henan Province adjacent to Hubei province,
central China, where ‘Ca. M. haemobos’ epidemics had
been confirmed [16], the landform in the territory is
dominated by shallow mountains and hills, while the
climate is north subtropical monsoon continental warm
and humid climate with abundant rainfall. A total of 55
EDTA-anticoagulated blood and serum samples were
collected from the anterior tibial vein of the dogs with
infesting ticks, including 35 sick dogs with anemia diag-
nosed by the vet in the rural veterinary clinic and 20 dogs
considered as clinically healthy in the backyard farms. At
the moment of blood sample collection, none of the dogs
were under antibiotics or acaricide treatment. Complete
blood counts of all EDTA-anticoagulated blood samples
were made, and the dogs were reclassified as anemic or
healthy based on results compared with reference ranges
(pack cell volume (PCV): 0.37-0.55 L/L). After determin-
ing the complete blood counts of all dog blood samples,
six dogs previously considered as clinically healthy were
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reclassified as anemic, and all 35 sick dogs presenting
with anemia were verified by the results. The study then
included 41 anemic dogs and 14 healthy dogs based on
PCV. The remaining blood samples were stored at —80°C
for molecular analysis. In addition, all ticks (378) from
the body surfaces of the dogs were collected and treated
individually as in previous work [16].

Tick identification

All ticks were first identified using morphological and
taxonomic identification keys and then verified by molec-
ular analysis [16]. The ticks were homogenized in 1 mL of
phosphate buffered saline buffer, then each of the com-
posite 200 pL homogenates was used for DNA extraction
with the EasyPure® Genomic DNA Kit (Transgen Bio-
tech, China). The primers of T1B and T2A as reported
by [31] were used to amplify the 12S rRNA gene, and
amplicons were purified using the gel extraction kit
(Omega, China) and the purified products were directly
sequenced in both directions using an ABI automated
A373 sequencer (ABI, USA).

Primer selection, DNA extraction, amplification,

and sequencing

For amplifying and analyzing the target gene of potential
pathogens for dog blood samples, DNA was extracted
using an EasyPure Blood Genomic DNA kit (TransGen
Biotech, China) according to manufacturer instructions.
DNA samples were used as templates in PCR reactions
carried out as previously described [32, 33]; in addition,
DNA of a M. wenyonii strain and DEPC-treated water
were used as a positive control and a negative control,
respectively in all PCR reactions. The primer set (5-ACG
AAAGTCTGATGGAGCAATA-3 and 5-ACGCCCAAT
AAATCCG(A/G)ATAAT-3) designed to detect Myco-
plasma haemofelis had previously been proved to be
effective in amplifying the partial 16S rRNA gene of M.
haemocanis, C. M. haematoparvum, Candidatus Myco-
plasma haemominutum, Mycoplasma ovis, Candidatus
Mycoplasma haemovis, Mycoplasma wenyonii, and ‘Ca.
M. haemobos’ [16, 33]. In addition, Apla-sense and ECB
for Ehrlichia canis and Anaplasma platys (A. platys)
[29], BTH 18S 1st F/R and BTH 18S 2nd F/R primers for
Babesia and Theileria [30] were also used. After the first
molecular screening, all positive amplicons were visual-
ized on an agarose gel following electrophoretic separa-
tion and recovered using an EasyPure PCR purification
kit (TransGen Biotech, China), then sequenced by an ABI
3100 sequencer (ABI, USA). All sequences were aligned
with relevant sequences published in the NCBI databases
using a BLAST search. Then, all the ‘Ca. M. haemobos’
positive samples were further subjected to phylogenetic
analysis by amplify longer fragments (1393 bp) of 16S
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rRNA using primers MHBforw and MHBrev [32]. Simi-
larly, all tick DNAs were also subjected to PCR tests as
for blood.

Phylogenetic analysis

Sequences of the long 16S rRNA gene amplicons were
compared with the CLUSTALW program using the
strains from Switzerland (clones 307 and 311), Japan
(cattle nos. 18, B2.16 and B2.20), Germany (BovHM-2
and BovHM-7), Brazil (Bov 165), Cuba (C115), Malay-
sia (1924712) and China (HN1804, HN1807, China,
CMboTWNO1, CMboTWNO02, and CMboTWNO1). Phy-
logenetic analysis was performed using Molecular Evolu-
tionary Genetics Analysis version 6 (MEGAG®6) [34] based
on neighbor-joining criterion and the Kimura 2-param-
eter model. Stability of the trees was tested by bootstrap
analysis using 1,000 replicates.

Statistical analysis

Statistical analysis for significant differences for the tick
infestation levels between healthy dogs and anemic dogs
was performed by using SPSS 17 on T test. P-value<0.05
was considered as threshold for statistical significance.

Results

Ticks

Among the 378 tick samples, 329 ticks were collected
from dogs with anemia, and 49 ticks were collected from

Table 1 Species of ticks collected from animal hosts in this work

Species Hosts No. of ticks
Male Female Total
Haemaphysalis longicornis Healthy dogs 7 29 36
Anemic dogs 64 166 230
Rhipicephalus (Boophilus) micro- ~ Healthy dogs 3 10 13
plus Anemicdogs 15 84 99
Total 89 289 378
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healthy dogs. Further morphological and taxonomic keys
examination identified 89 male ticks and 289 females.
These ticks were identified to 2 species of 2 genera of the
family Ixodidae: 266 H. longicornis (36 and 230 collected
from healthy dogs and anemic dogs, respectively) and 112
R. (B.) microplus (13 and 99 collected from healthy dogs
and anemic dogs, respectively). Significant differences
had been found for the tick infestation levels between
healthy dogs and anemic dogs (T test, P<0.001, a=0.05).
The tick species, their host origins, sex and numbers are
shown in Table. 1.

Pathogens

After tick species identification, all samples were divided
into six groups for analysis: group 1 included blood sam-
ples collected from healthy dogs; group 2 included blood
samples collected from anemic dogs; group 3 included
H. longicornis samples collected from healthy dogs;
group 4 included H. longicornis samples collected from
anemic dogs; group 5 included R. (B.) microplus sam-
ples collected from healthy dogs, and group 6 included
R. (B.) microplus samples collected from anemic dogs.
After screening for the presence of the short fragment
of 165 rRNA of hemoplasmas in dog blood samples and
tick samples by PCR the percentages of hemoplasmas
positive rates in six groups showed in Table 2. Sequenc-
ing and aligning in the NCBI databases using a BLAST
search indicated the positive amplicons were includ-
ing 163 M. haemocanis and 88 ‘Ca. M. haemobos’ posi-
tive samples, and no C. M. haematoparvum, Candidatus
Mycoplasma haemominutum, Mycoplasma ovis, Candi-
datus Mycoplasma haemovis and Mycoplasma wenyonii
was detected in this work. Further screening for other
pathogens revealed that 32 samples were positive for A.
platys, and no Ehrlichia canis, Babesia and Theileria was
detected in all samples. As Table 2 shows, the co-infec-
tions (M. haemocanis + A. platys and ‘Ca. M. haemobos’
+ A. platys) could be detected in group 2, group 4, and
group 6, and no other co-infections had been observed

Table 2 Frequency of tick-borne pathogens in ticks and dogs blood samples

Samples Number Hemoplasmas M. haemocanis ‘Ca. M. A. platys (sum) M. haemocanis  ‘Ca. M.
(percentage) (sum) haemobos’(sum) + A. platys haemobos’+
A. platys
Group 1 14 4 (28.6%) 3 1 0 0
Group 2 41 26 (63.4%) 16 10 2 2
Group 3 36 6 (16.7%) 4 2 1 0 0
Group 4 230 144 (62.6%) 120 22 17 7 4
Group 5 13 4(30.8%) 2 2 0 0
Group 6 99 69 (69.7%) 18 51 1 3

M. haemocanis Mycoplasma haemocanis, ‘Ca. M. haemobos’ Candidatus Mycoplasma haemobos, A. platys Anaplasma platys
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in this work. The frequencies of single infections of M.
haemocanis in dogs, H. longicornis and R. (B.) microplus
were 89.5% (17/19), 94.4% (117/124) and 95.0% (19/20).
Similarly, single infections of ‘Ca. M. haemobos’ in dogs,
H. longicornis and R. (B.) microplus were 81.8% (9/11),
81.8% (18/22) and 94.3% (50/53). More details are given
in Table 2.

Sequence analysis of ‘Ca. M. haemobos’
After longer amplicons sequencing five sequence types
were observed in these samples as Table 3 showed.
Five strains were selected as representative for analy-
sis, HN1804 strain (GenBank Accession number
MH388478) and HN1807 strain (GenBank Accession
number MH388476) described previously [16]; HN1921
(GenBank Accession number MW463059), HN1933
(GenBank Accession number MW463060) and HN1948
(GenBank Accession number MW463061) were three
new sequence types. As showed in Table 3, In group 1,
group 3, and group 5 only new sequence type strains were
observed, and in group 2, group 4, and group 6 previous
and new sequence type strains were observed. In total,
88 positive samples with the new HN1933 sequence type
showed the highest frequency (30/88), and the previous
HN1807 sequence type showed the lowest frequency
(10/88). Among the three sources of samples, the highest
‘Ca. M. haemobos’ positive rate was observed in R. (B.)
microplus at 47.32% (53/112) followed by rates in dogs
and H. longicornis of 20.00% (11/55) and 9.02% (24/266).
Comparative analysis of the three new representa-
tive isolates and other strains in Switzerland (clones
307 and 311), Japan (cattle nos. 18, B2.16 and B2.20)
and China (HN1804, HN1807, China, CMboTWNOI,
CMboTWNO02, and CMboTWNO1) revealed a nucleotide
sequence similarity of 98.6%—99.8%. Using a proposed
taxonomic key of ‘Ca. M. haemobos’ in previous research
[10, 13, 16, 32], phylogenetic analysis of the 16S rRNA
sequence (Fig. 1) characterized all three representative
strains as ‘Ca. M. haemobos’. In addition, the strains in
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this work were most closely related to the strain isolated
from Central China, and were most distantly related to
those from Switzerland (clones 307 and 311) and Japan
(cattle nos. 18, B2.16, and B2.20).

Discussion
Mycoplasma haemocanis and C. M. haematoparvum
are the two main hemoplasmas infections in dogs [2, 3].
About ten years ago, reports indicated that the DNA of
heterogenous hemoplasma species, including Candida-
tus Mycoplasma haemominutum and Mycoplasma ovis,
could be detected in samples collected from dogs [4—6].
In Australia ‘Ca. M. haemobos’ was detected in a healthy
dog [8] and then co-infection with A. platys was detected
in an anemic dog [7]. However, with limited positive
samples in previous work, the evidence of a connection
between ‘Ca. M. haemobos’ and infections in dogs was
still unclear. We studied 14 healthy dogs and 41 anemic
dogs, and the results showed that one healthy dog and ten
anemic dogs were positive for ‘Ca. M. haemobos’. Among
the positive anemic dogs, eight were solely infected, sug-
gesting that ‘Ca. M. haemobos’ should play a role in the
progress of syndrome. Considering that one healthy dog
was also positive, further work with experimental infec-
tions in dogs would clarify the pathogenesis of ‘Ca. M.
haemobos’ in dogs. In China, ‘Ca. M. haemobos’ were first
found in cattle in Guangxi Province [35] and were then
described in goats and sheep [16]. The present work is
the first report about ‘Ca. M. haemobos’ in dogs in China,
and phylogenetic analysis showed that all the new strains
in the present study were most closely related to iso-
lates from goats and sheep described in previous work.
Dogs in this work shared the same habitation with those
small ruminates, and previous work had shown that R.
(B.) microplus can transmit ‘Ca. M. haemobos’ [16, 25].
Whether tick vectors are involved in the transmission
‘Ca. M. haemobos’ to dogs needs to be investigated.
Previous studies showed that R. (B.) microplus ticks
could serve as a vector and reservoir in the transmission

Table 3 Frequency of Ca. M. haemobos’ sequence types in ticks and dogs blood samples

Sequence type Dog blood (11/55) H.L. (24/266) R.B.M. (53/112) Sum (88/433)
Group 1(1/14) Group 2 Group 3 (2/36) Group 4 Group 5(2/13) Group 6
(10/41) (22/230) (51/99)
HN1804 0 1 0 3 0 7 11
HN1807 0 0 0 2 0 8 10
HN1921 0 2 0 5 0 10 17
HN1933 1 4 2 7 1 15 30
HN1948 0 3 0 5 1 11 20

H.L. Haemaphysalis longicornis, B.M. Rhipicephalus (Boophilus) microplus
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KJ883515 Candidatus Mycoplasma haemobos CMboTWNO02
KJ883516 Candidatus Mycoplasma haemobos CMboTWNO03
FN392887 Mycoplasma sp. BovHM-2

AB740012 Candidatus Mycoplasma haemobos B2.16
FN392889 Candidatus Mycoplasma haemobos. BovHM-7
EF460765 Candidatus Mycoplasma haemobos

FN392888 Candidatus Mycoplasma haemobos. BovHM-5
®MW463061 Candidatus Mycoplasma haemobos HN1948
®MW463060 Candidatus Mycoplasma haemobos HN1933
®MW463059 Candidatus Mycoplasma haemobos HN1921
MH388476 Candidatus Mycoplasma haemobos HN1807
MH388478 Candidatus Mycoplasma haemobos HN1804
EU367965 Candidatus Mycoplasma haemobos isolate no. 18
AB740010 Candidatus Mycoplasma haemobos B2.20
EF616467 Candidatus Mycoplasma haemobos 307
EF616468 Candidatus Mycoplasma haemobos 311

d MT341491 Candidatus Mycoplasma haemobos Bov 165

KT985638 Candidatus Mycoplasma haemobos 192 4712
97 | MG948630 Candidatus Mycoplasma haemobos C115

g3 |AB820289 Mycoplasma haemomuris

DQ464423 Candidatus Mycoplasma turicensis B3
KJ883514 Candidatus Mycoplasma haemobos CMboTWNO1

EF616468 Candidatus Mycoplasma haemobos 311

EF221880 Mycoplasma wenyonii strain CGXD
GU047355 Candidatus Mycoplasma haemolamae VS-T194

KF740480 Mycoplasma suis HLJ/2010

AB617736 Candidatus Mycoplasma haemovis Hitsuji7
9| AF338268 Mycoplasma ovis

HE577612 Uncultured Mycoplasma sp. T1

©

97 |GU562823 Candidatus Mycoplasma haemohominis Plymouth
84

99 | GU124602 Candidatus Mycoplasma haemozalophi CSL 7750

IAF407208 Haemobartonella canis
AY 150972 Mycoplasma haemofelis French no. 1

KU852584 Candidatus Mycoplasma haemominutum Cat2

| NR 041751 Mycoplasma pneumoniae FH strain ATCC 15531

—
0.2

Fig. 1 Phylogenetic analysis of Ca. M. haemobos’ from dogs, Rhipicephalus (Boophilus) microplus and Haemaphysalis longicornis in Central China, and
reference strains using the 765 rRNA sequences. New isolates in this work are highlighted with a symbol ().

99| AF132740 Mycoplasma pneumoniae ATCC 15531

of ‘Ca. M. haemobos’ [16, 25]: R. (B.) microplus ticks
carrying ‘Ca. M. haemobos’ could be found in naturally
infected goats, sheep and grassland and experimental
infections showed larval ticks can transmit ‘Ca. M. hae-
mobos’ to BALB/c mice during feeding [16, 25]. Consid-
ering the hosts of R. (B.) microplus ticks are diverse, it is

unclear whether the transmission of ‘Ca. M. haemobos’

could infect other animals. Then the R. (B.) microplus
ticks associated with these dogs were investigated. We
found that the ‘Ca. M. haemobos’ positive ticks could
be detected from both positive and negative dogs. Cer-
tainly it cannot rule out the possibility that the presence
of ‘Ca. M. haemobos’ in ticks collected from PCR-nega-
tive dogs could be for the existence of a previous blood

meal. In addition, only adult ticks were found on infest-
ing dogs, unsurprisingly one previous work had been
showed the adult ticks were main paratized ticks on the
dogs in central aand eastern China [36]. However, the
conclusion that infections in dogs were caused by these
ticks could be not supported because other positive ticks
were involved in the animia syndrome. Considering
the high positive rate of the R. (B.) microplus ticks and
dogs, it is necessary to conduct experimental infections
to investigate details of the role of transmission of ‘Ca.
M. haemobos’ in dogs. In addition, regarding the wide-
spread distribution of R. (B.) microplus in China [37, 38],
whether other hosts of R. (B.) microplus ticks such as rab-
bits, pigs, horses, and donkeys are susceptible to ‘Ca. M.
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haemobos’ is unknown, and thus it is urgent to investi-
gate the prevalence of ‘Ca. M. haemobos’ in other animals
exposed to R. (B.) microplus ticks and evaluate the risk of
‘Ca. M. haemobos’ to livestock.

The transmission mode of ‘Ca. M. haemobos’ is unclear.
One study suggested that Haematobia irritans, Stomoxys
calcitrans, Tabanus bovines, and Tabanus bromius were
potential vectors for spreading M. wenyonii and ‘Ca. M.
haemobos’ [39]. Another study indicated that Derma-
centor andersoni could transmit M. wenyonii [40, 41]
reported that four species of ticks (D. reticulates, Haema-
physalis inermis, Ixodes ricinus, and D. marginatus) are
unlikely vectors for M. wenyonii and ‘Ca. M. haemobos’.
We previously showed that R. (B.) microplus ticks could
transmit ‘Ca. M. haemobos’ [16, 25]. However, whether
other species of tick can carry or transmit ‘Ca. M. hae-
mobos’ is unclear. Southern Henan province is a region
with great tick diversity [42], and a large number of
tick-borne diseases have been recorded there [43-46].
In the present work 24 H. longicornis ticks tested posi-
tive for ‘Ca. M. haemobos’, including two ticks collected
from healthy dogs, thus this result indicated that the two
ticks either acquire ‘Ca. M. haemobos’ from the previous
host, or carry ‘Ca. M. haemobos’ from the previous stage.
In either case, there is no doubt that ‘Ca. M. haemobos’
could sustain in H. longicornis ticks for a period. In R. (B.)
microplus ticks, research has verified that ‘Ca. M. haemo-
bos’ can be passed transovarially and negative ticks can
acquire ‘Ca. M. haemobos’ in experimentally infected ani-
mals [25]. It remains unclear whether H. longicornis ticks
have similar ability to transmit ‘Ca. M. haemobos’ and
further work is needed for clarification.

Anaplasma platys and M. haemocanis were also
detected in dogs, R. (B.) microplus, and Haemaphysalis
longicornis. A. platys were previously detected in domes-
tic animals in ten Provinces of China, including dogs
in Henan Province. R. (B.) microplus and H. longicornis
were also found positive to A. platys [47]. To date, only
one study reported M. haemocanis infections in dogs in
China [48]. The tested dogs had a history of tick infesta-
tion; however, the exact tick species were not recorded.
Some studies have suggested that Rhipicephalus san-
guineus (R. sanguineus) should be the potential vector
for M. haemocanis [49-52]. In the present study, no R.
sanguineus samples were collected, but R. (B.) micro-
plus and H. longicornis were detected to be positive to
M. haemocanis. Engorged H. longicornis larvae were
not infected with M. haemocanis from domestic cats
(Felis catus), eastern gray squirrels (Sciurus carolinensis),
marmots (Marmota monax), raccoons (Procyon lotor),
striped skunks (Mephitis mephitis), Virginia opossums
(Didelphis virginiana), or white-tailed deer (Odocoileus
virginianus) in the USA [53], but in dogs the association
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of M. haemocanis and H. longicornis is unclear. This work
indicated the potential of vectors in transmission of M.
haemocanis in dogs, but further research is needed for
clarification. We showed, for the first time, that R. (B.)
microplus could carry M. haemocanis. Moreover, A.
platys could be involved in co-infections (M. haemocanis
+ A. platys and ‘Ca. M. haemobos’ + A. platys) in ane-
mic dogs, H. longicornis and R. (B.) microplus. Similarly,
a previous study [54] showed about 11.11% positive rate
for ticks collected from dogs and sheep in Xinyang city
in China near the Nanyang area. In that study, there
were co-infections with two pathogens, and A. platys co-
infection was recorded; however, M. haemocanis and ‘Ca.
M. haemobos’ detection were not done. These tick spe-
cies distributions are consistent with those from previ-
ous studies [55—-57], suggesting that H. longicornis and R.
(B.) microplus were the dominant tick species in central
China. Furthermore, the ticks in this area could carry a
variety of pathogens and infest multiple livestock spe-
cies, and thus it is urgent to evaluate the spread risk of
new diseases as ‘Ca. M. haemobos’ moves to new hosts
via these potential vectors. Meanwhile, co-infection [58]
might be a factor affecting the disease process in target
hosts and in vector transmission ability. Molecular sur-
veys of haemoplasmas in ticks associated with dogs have
been also examined in Rhipicephalus sanguineus sensu
lato [49, 59], but no co-infection has been documented.

Conclusions

‘Ca. M. haemobos’ infections in dogs, single or co-infec-
tion were verified by PCR, sequencing, and phylogenetic
analysis. We provided molecular evidence for natural
infections of ‘Ca. M. haemobos’ in dogs, and information
showing that H. longicornis can carry ‘Ca. M. haemobos’.

Ackowledgements
We thank LetPub (www.letpub.com) for its linguistic
assistance during the preparation of this manuscript.

Abbreviations

M. haemocanis: Mycoplasma haemocanis; C. M. haematoparvum: Candidatus
Mycoplasma haematoparvum; ‘Ca. M. haemobos”. Candidatus Mycoplasma hae-
mobos; H. longicornis: Haemaphysalis longicornis; R. (B.) microplus: Rhipicephalus
(Boophilus) microplus; A. platys: Anaplasma platys; C. M. haemominutum: Candi-
datus Mycoplasma haemominutum.

Authors’ contributions

HS participated in sample collection, pathogen identification and participated
in the design of the study. BL drafted the main parts of the manuscript. JL, SC
and LW participated in sample collection, PCR detection and swquencing. ZB
and LZ participated in data analysis. BY and LY participated in the design of
the study, drafted the main parts of the manuscript and revised the manu-
script. All authors read and approved the final manuscript.


http://www.letpub.com

Shi et al. BMC Veterinary Research (2022) 18:254

Funding

The National Natural Science Foundation of China (Grant nos. 31902263 and
31870917) supported the design of the study and writing the manuscript.
The program for Innovative Research Team of Science and Technology in Uni-
versity of Henan Province (No. 20IRTSTHN024), the Scientific and Technologi-
cal Project of Henan Province (Grant no. 222102110438) and Nanyang Normal
University (CN) (Grant no. 15081) supported the sample collection, analysis
and interpretation of data in this study.

Availability of data and materials

The datasets generated and analysed during the current study are available
in the GenBank repository at [www.ncbi.nlm.nih.gov/nucleotide/MW463059],
[www.ncbi.nlm.nih.gov/nucleotide/MW463060] and [www.ncbi.nlm.nih.gov/
nucleotide/MW463061].

Declarations

Ethics approval and consent to participate

Informed consent of the dogs owner is provided in the study. The study was
carried out in compliance with the ARRIVE guidelines. All methods were car-
ried out in accordance with Chinese Law for the Care and Use of Animals. The
research protocol was approved by the Animal Welfare and Ethics Committee
of Nanyang Normal University (approval no. No 19047, year: 2019).

Consent for publication
Not Applicable.

Competing interests
The authors declare that they have no competing interests.

Received: 18 April 2022 Accepted: 22 June 2022
Published online: 01 July 2022

References

1. Neimark H, Johansson KE, Rikihisa Y, Tully JG. Proposal to transfer some
members of the genera haemobartonella and eperythrozoon to the
genus mycoplasma with descriptions of “candidatus mycoplasma hae-
mofelis’, ‘candidatus mycoplasma haemomuris’, “candidatus mycoplasma
haemosuis”and “candidatus mycoplasma wenyonii!'Int J Syst Evol Micro-
biol. 2001;51:891-9.

2. Messick JB. Hemotrophic mycoplasmas (hemoplasmas): A review and
new insights into pathogenic potential. Vet Clin Pathol. 2004;33:2-13.

3. Sykes JE, Bailiff NL, Ball LM, Foreman O, George JW, Fry MM. Identification
of a novel hemotropic mycoplasma in a splenectomized dog with hemic
neoplasia. J Am Vet Med Assoc. 2004;224(1946-51):30-1.

4. Zhuang QJ, Zhang HJ, Lin RQ, Sun MF, Liang XJ, Qin XW, PuWJ, Zhu XQ.
The occurrence of the feline “candidatus mycoplasma haemominutum”
in dog in china confirmed by sequence-based analysis of ribosomal DNA.
Trop Anim Health Prod. 2009;41:689-92.

5. Obara H, Fujihara M, Watanabe Y, Ono HK, Harasawa R. A feline hemo-
plasma, “candidatus mycoplasma haemominutum’, detected in dog in
japan. J Vet Med Sci. 2011;73:841-3.

6. Varanat M, Maggi RG, Linder KE, Breitschwerdt EB. Molecular prevalence
of bartonella, babesia, and hemotropic mycoplasma sp. In dogs with
splenic disease. J Vet Intern Med. 2011;25:1284-91.

7. Hii SF, Traub RJ, Thompson MF, Henning J, O’Leary CA, Burleigh A, McMa-
hon S, Rees RL, Kopp SR. Canine tick-borne pathogens and associated risk
factors in dogs presenting with and without clinical signs consistent with
tick-borne diseases in northern australia. Aust Vet J. 2015;93:58-66.

8. Hii SF, Kopp SR, Thompson MF, O’Leary CA, Rees RL, Traub RJ. Canine
vector-borne disease pathogens in dogs from south-east queensland
and north-east northern territory. Aust Vet J. 2012;90:130-5.

9. Ade J, Niethammer F, Schade B, Schilling T, Hoelzle K, Hoelzle LE. Quan-
titative analysis of mycoplasma wenyonii and ‘candidatus mycoplasma
haemobos" infections in cattle using novel gapn-based realtime pcr
assays. Vet Microbiol. 2018;220:1-6.

10. Sasaoka F, Suzuki J, Watanabe Y, Fujihara M, Nagai K, Hirata T, Harasawa
R.Two genotypes among “candidatus mycoplasma haemobos” strains

20.

21

22.

23.

24.

25.

26.

27.

28.

29.

30.

Page 7 of 8

based on the 165-23s rrna intergenic spacer sequences. J Vet Med Sci.
2013;75:361-4.

. Girotto A, Zangirolamo AF, Bogado AL, Souza AS, da Silva GC, Garcia JL,

Vilas Boas LA, Biondo AW, Vidotto O. Molecular detection and occurrence
of ‘candidatus mycoplasma haemobos”in dairy cattle of southern brazil.
Rev Bras Parasitol Vet. 2012;21:342-4.

Ayling RD, Bisgaard-Frantzen S, Adler A, Blowey RW, Barlow AM, Millar
MF, van der Burgt GM. Detection of “candidatus mycoplasma haemobos’,
mycoplasma wenyonii and anaplasma phagocytophilum from cattle in
england. Vet Rec. 2012;170:543.

Tagawa M, Matsumoto K, Inokuma H. Molecular detection of myco-
plasma wenyonii and “candidatus mycoplasma haemobos”in cattle in
hokkaido, japan. Vet Microbiol. 2008;132:177-80.

Santos NJR, Brito DRB, Abate HL, Paixao SF, Soares EDS, Vieira T, Garcia

JL, Vieira RFC, Vidotto O. Hemotropic mycoplasmas infection in water
buffaloes (bubalus bubalis) from northeastern brazil. Comp Immunol
Microbiol Infect Dis. 2018;56:27-9.

Hornok S, Sugar L, Fernandez de Mera IG, de la Fuente J, Horvath G,
Kovacs T, Micsutka A, Gonczi E, Flaisz B, Takacs N, et al. Tick and fly-borne
bacteria in ungulates: The prevalence of anaplasma phagocytophilum,
haemoplasmas and rickettsiae in water buffalo and deer species in
Central Europe. Hungary BMC Vet Res. 2018;14:98.

ShiH, HuY, Leng C, ShiH, Jiao Z, Chen X, Peng Y, Yang H, Kan Y, Yao L.
Molecular investigation of “candidatus mycoplasma haemobos”in goats
and sheep in central china. Transbound Emerg Dis. 2019,66:22-7.
Hoelzle K, Winkler M, Kramer MM, Wittenbrink MM, Dieckmann SM,
Hoelzle LE. Detection of candidatus mycoplasma haemobos in cattle
with anaemia. Vet J. 2011;187:408-10.

Baggenstos R, Wenzinger B, Meli ML, Hofmann-Lehmann R, Knubben-
Schweizer G. Haemoplasma infection in a dairy cow. Tierarztl Prax Ausg G
Grosstiere Nutztiere. 2012;40:397-400.

Tagawa M, Yamakawa K, Aoki T, Matsumoto K, Ishii M, Inokuma H. Effect
of chronic hemoplasma infection on cattle productivity. J Vet Med Sci.
2013;75:1271-5.

Happi AN, Osifade O, Oluniyi PE, Ogunro BN. Comparison of light micros-
copy and polymerase chain reaction for the detection of haemoparasites
in cattle in nigeria. Acta Parasitol. 2020,65:44-56.

Byamukama B, Tumwebaze MA, Tayebwa DS, Byaruhanga J, Angwe MK,
Li J, Galon EM, Liu M, LiY, Ji S, et al. First molecular detection and charac-
terization of hemotropic mycoplasma species in cattle and goats from
uganda. Animals (Basel). 2020;10:1624.

FujiharaY, Sasaoka F, Suzuki J, Watanabe Y, Fujihara M, Ooshita K, Ano H,
Harasawa R. Prevalence of hemoplasma infection among cattle in the
western part of japan. J Vet Med Sci. 2011;73:1653-5.

Galon EMS, YbaNez RHD, Adjou Moumouni PF, Tumwebaze MA, Fabon
RJA, Callanta MRR, Labutong KJE, Salazar GB, Liu M, Li J, et al. Molecular
survey of tick-borne pathogens infecting backyard cattle and water buf-
faloes in quezon province, philippines. J Vet Med Sci. 2020;82:886-90.
Martinez-Ocampo F, Rodriguez-Camarillo SD, Amaro-Estrada |, Quiroz-
Castaneda RE. Draft genome sequence of “‘candidatus mycoplasma
haemobos,"a hemotropic mycoplasma identified in cattle in mexico.
Genome Announc. 2016;4:€00656-16.

ShiH, Duan L, Liu F, Hu'Y, Shi Z, Chen X, Yang H, Yan B, Yao L. Rhipicepha-
lus (boophilus) microplus ticks as reservoir and vector of “‘candidatus
mycoplasma haemobos”in china. Vet Parasitol. 2019;274:108929.

de Miranda RL, de Castro JR, Olegédrio MM, Beletti ME, Mundim AV,
O'Dwyer LH, Eyal O, Talmi-Frank D, Cury MC, Baneth G. Oocysts of hepa-
tozoon canis in rhipicephalus (boophilus) microplus collected from a
naturally infected dog. Vet Parasitol. 2011;177:392-6.

Szabd MP, de Souza LG, Olegario MM, Ferreira FA. de Albuquerque
Pajuaba Neto A: Ticks (acari: Ixodidae) on dogs from uberlandia, minas
gerais, brazil. Transbound Emerg Dis. 2010,57:72-4.

Lu X, Lin XD, Wang JB, Qin XC, Tian JH, Guo WP, Fan FN, Shao R, Xu J,
Zhang YZ. Molecular survey of hard ticks in endemic areas of tick-borne
diseases in china. Ticks Tick Borne Dis. 2013;4:288-96.

Santos F, Coppede JS, Pereira AL, Oliveira LP, Roberto PG, Benedetti RB,
Zucoloto LB, Lucas F, Sobreira L, Marins M. Molecular evaluation of the
incidence of ehrlichia canis, anaplasma platys and babesia spp. In dogs
from ribeirdo preto, brazil. Vet J. 2009;179:145-8.

Masatani T, Hayashi K, Andoh M, Tateno M, Endo Y, Asada M, Kusakisako
K, Tanaka T, Gokuden M, Hozumi N, et al. Detection and molecular


http://www.ncbi.nlm.nih.gov/nucleotide/MW463059
http://www.ncbi.nlm.nih.gov/nucleotide/MW463060
http://www.ncbi.nlm.nih.gov/nucleotide/MW463061
http://www.ncbi.nlm.nih.gov/nucleotide/MW463061

Shi et al. BMC Veterinary Research

31

32.

33

34.

35.

36.

37.

38.

39.

40.

41.

42.
43.

44,

45,

46.

47.

48.

49.

50.

(2022) 18:254

characterization of babesia, theileria, and hepatozoon species in hard
ticks collected from kagoshima, the southern region in japan. Ticks & Tick-
Borne Diseases. 2017,8:581-7.

Beati L, Keirans JE. Analysis of the systematic relationships among ticks
of the genera rhipicephalus and boophilus (acari: Ixodidae) based on
mitochondrial 12s ribosomal DNA gene sequences and morphological
characters. J Parasitol. 2001,87:32-48.

Meli ML, Willi B, Dreher UM, CattoriV, Knubben-Schweizer G, Nuss

K, Braun U, Lutz H, Hofmann-Lehmann R. Identification, molecular
characterization, and occurrence of two bovine hemoplasma species

in swiss cattle and development of real-time tagman quantitative pcr
assays for diagnosis of bovine hemoplasma infections. J Clin Microbiol.
2010;48:3563-8.

Jensen WA, Lappin MR, Kamkar S, Reagan WJ. Use of a polymerase chain
reaction assay to detect and differentiate two strains of haemobartonella
felis in naturally infected cats. Am J Vet Res. 2001,62:604-8.

Tamura K, Stecher G, Peterson D, Filipski A, Kumar S. Mega6: Molecular
evolutionary genetics analysis version 6.0. Mol Biol Evol. 2013;30:2725-9.
Su QL, Song HQ, Lin RQ, Yuan ZG, Yang JF, Zhao GH, Huang WY, Zhu XQ.
The detection of “candidatus mycoplasma haemobos”in cattle and buf-
falo in china. Trop Anim Health Prod. 2010;42:1805-8.

Jianwei Z, Qingbiao L, Demou W, Jiafa H. Survey on the species of ticks
infesting pet dog and their prevalence in central and eastern china. Anim
Husbandry Vet Med. 2017;49:126-9.

Bing H, Xinhua H. The epidemiology, preventive and treat measures of
boophilus microplus in xinyang area. J Anim Sci Vet Med. 2011;32:27-8.
Ju H. Invesigation of hard ticks distribution in fuzhou and researches on
the biological characteristics of rhipicephalus (boophilus) microplus.
Fujian normal university. 2011. https://kns.cnki.net/kcms/detail/detail.
aspx?dbcode=CMFD&dbname=CMFD2012&filename=1012266888.nh&
uniplatform=NZKPT&=Ydp4DQX0aj5NdEsShsVkJgA3JwG58dByXZq
pebk9QigCIzNSYLF4-VhaKzV9_TkS.

Hornok S, Micsutka A, Meli ML, Lutz H, Hofmann-Lehmann R. Molecular
investigation of transplacental and vector-borne transmission of bovine
haemoplasmas. Vet Microbiol. 2011;152:411-4.

Neimark H, Kocan KM. The cell wall-less rickettsia eperythrozoon wenyo-
nii is a mycoplasma. FEMS Microbiol Lett. 1997;156:287-91.

Hornok S, Micsutka A, Fernandez de Mera IG, Meli ML, Gonczi E,

Tanczos B, Mangold AJ, Farkas R, Lutz H, Hofmann-Lehmann R, et al.
Fatal bovine anaplasmosis in a herd with new genotypes of anaplasma
marginale, anaplasma ovis and concurrent haemoplasmosis. Res Vet Sci.
2012;92:30-5.

Liu Q. Research progress of ticks and tick-borne disease. J Anhui Agric Sci.
2013;41:1107-9.

Wu'S, Ma J. Prevention and control of tick-borne diseases. J Henan Inst Sci
Technol. 2013;41:54-6.

Shang Z, Zhang C, Zhang Z, Shunan C, Yang Z, Amp AS, School T.
Epidemiological characteristics of canine babesiosis and main vector of
infection in west of henan. J Henan Univ Sci Technol. 2014;35:73-8.
Zhao Q, Gao LJ, Tang ZQ, Zhang YQ, Guo XS, Liu JQ. Investigation of spe-
cies, temporal and spatial distribution of ticks in henan province, china.
Chin J Vector Biol Control. 2015;26:75-7.

Yu PF, Niu QL, Liu ZJ, Yang JF, Chen Z, Guan GQ, Liu GY, Luo JX, Yin H.
Molecular epidemiological surveillance to assess emergence and re-
emergence of tick-borne infections in tick samples from china evaluated
by nested pcrs. Acta Trop. 2016;158:181-8.

Zhang L, LiuH, Xu B, Lu Q, Li L, Chang L, Zhang X, Fan D, Li G, Jin Y, et al.
Anaplasma phagocytophilum infection in domestic animals in ten prov-
inces/cities of china. Am J Trop Med Hyg. 2012;87:185-9.

Zheng WQ, Chen HY, Liu MM, Adjou Moumouni PF, Efstratiou A, Liu

7B, Xuan XN. First evidence of mycoplasma haemocanis in china. Trop
Biomed. 2017;34:983-90.

Aktas M, Ozubek S. Molecular survey of haemoplasmas in shelter dogs
and associations with rhipicephalus sanguineus sensu lato. Med Vet
Entomol. 2017;31:457-61.

Politi FA, de Souza-Moreira TM, Rodrigues ER, de Queiroz GM, Figueira
GM, Januério AH, Berenger JM, Socolovschi C, Parola P, Pietro RC. Chemi-
cal characterization and acaricide potential of essential oil from aerial
parts of tagetes patula . (asteraceae) against engorged adult females of
rhipicephalus sanguineus (latreille, 1806). Parasitol Res. 2013;112:2261-8.

51.

52.

53.

54.

55.

56.

57.

58.

59.

Page 8 of 8

Novacco M, Meli ML, Gentilini F, Marsilio F, Ceci C, Pennisi MG, Lombardo
G, Lloret A, Santos L, Carrapico T, et al. Prevalence and geographical
distribution of canine hemotropic mycoplasma infections in mediter-
ranean countries and analysis of risk factors for infection. Vet Microbiol.
2010;142:276-84.

Seneviratna P. Weerasinghe, Ariyadasa S: Transmission of haemobar-
tonella canis by the dog tick, rhipicephalus sanguineus. Res Vet Sci.
1973;14:112-4.

Tufts DM, Goodman LB, Benedict MC, Davis AD, VanAcker MC, Diuk-
Wasser M. Association of the invasive haemaphysalis longicornis tick with
vertebrate hosts, other native tick vectors, and tick-borne pathogens in
new york city, USA. Int J Parasitol. 2021;51:149-57.

Chen Z, Liu Q, Liu JQ, Xu BL, Lv S, Xia S, Zhou XN. Tick-borne pathogens
and associated co-infections in ticks collected from domestic animals in
central china. Parasit Vectors. 2014;7:237.

Yin H, Luo J. Ticks of small ruminants in china. Parasitol Res.
2007;101(Suppl 2):5187-9.

Chen Z,Yang XJ, Yang XH, Liu JZJSJoZ. Geographical distribution and
fauna of chinese ticks. Sichuan J Zool. 2008;27:820-3.

Yingdang R, Xiaocheng S, Hao S, Xiao-Jing M. The fauna element and
geographical distribution of insect, spider and mite in henan, china. Acta
Agriculturae Boreali-Sinica. 2011,26:204-9.

Gaunt S, Beall M, Stillman B, Lorentzen L, Diniz P, Chandrashekar R, Bre-
itschwerdt E. Experimental infection and co-infection of dogs with ana-
plasma platys and ehrlichia canis: Hematologic, serologic and molecular
findings. Parasit Vectors. 2010;3:33.

Roblejo-Arias L, Diaz-Sdnchez AA, Corona-Gonzalez B, Meli ML, Fonseca-
Rodriguez O, Rodriguez-Mirabal E, Marrero-Perera R, Vega-Canizares

E, Lobo-Rivero E, Hofmann-Lehmann R. First molecular evidence of
mycoplasma haemocanis and “‘candidatus mycoplasma haematoparvum”
infections and its association with epidemiological factors in dogs from
cuba. Acta Trop. 2022;228:106320.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Ready to submit your research? Choose BMC and benefit from:

fast, convenient online submission

thorough peer review by experienced researchers in your field

rapid publication on acceptance

support for research data, including large and complex data types

gold Open Access which fosters wider collaboration and increased citations

maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions



https://kns.cnki.net/kcms/detail/detail.aspx?dbcode=CMFD&dbname=CMFD2012&filename=1012266888.nh&uniplatform=NZKPT&v=Ydp4DQXOaj5NdEsShsVkJgA3JwG58dByXZqpebk9QigC9zNSYLF4-VhaKzV9_TkS
https://kns.cnki.net/kcms/detail/detail.aspx?dbcode=CMFD&dbname=CMFD2012&filename=1012266888.nh&uniplatform=NZKPT&v=Ydp4DQXOaj5NdEsShsVkJgA3JwG58dByXZqpebk9QigC9zNSYLF4-VhaKzV9_TkS
https://kns.cnki.net/kcms/detail/detail.aspx?dbcode=CMFD&dbname=CMFD2012&filename=1012266888.nh&uniplatform=NZKPT&v=Ydp4DQXOaj5NdEsShsVkJgA3JwG58dByXZqpebk9QigC9zNSYLF4-VhaKzV9_TkS
https://kns.cnki.net/kcms/detail/detail.aspx?dbcode=CMFD&dbname=CMFD2012&filename=1012266888.nh&uniplatform=NZKPT&v=Ydp4DQXOaj5NdEsShsVkJgA3JwG58dByXZqpebk9QigC9zNSYLF4-VhaKzV9_TkS

	Molecular detection of haemophilic pathogens reveals evidence of Candidatus Mycoplasma haemobos in dogs and parasitic ticks in central China
	Abstract 
	Background: 
	Results: 
	Conclusions: 

	Background
	Methods
	Animals, blood and tick sample collection
	Tick identification
	Primer selection, DNA extraction, amplification, and sequencing
	Phylogenetic analysis
	Statistical analysis

	Results
	Ticks
	Pathogens
	Sequence analysis of ‘Ca. M. haemobos’

	Discussion
	Conclusions
	Ackowledgements
	References


