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ABSTRACf. We have examined the presence of hemoplasmas， hemotropic mycoplasmas， among domestic cats (Felis catus) in Japan by 
using a species sp巴cificPCR， and found ‘Candidatus Mycoplasma turicensis'， a recently recognized hemoplasma species. A total of 60 
feline blood samples collected in 2004 and 2005 were subjected to PCR amplification for the detection of Mycoplasma haemofelis， 'Can-

didatus Mycoplasma haemominutum' and ‘Candidatus Mycoplasma turicensis'. Six blood samples collected from domestic cats were 
found infected with the‘Candidatus M. turicensis¥ AII of them are also infected with other species of hemoplasmas， M. h呪emofelis
and/or‘Candidatus M. haemominutum'. This is the first to demonstrate ‘Candidatus M. turicensis' infections among cat population in 
Japan 
陥 YWORDS: feline， hemoplasma， 16S rRNA. 

Hemoplasmas are a group of hemotropic mycoplasmas， 
which ar巴 unculturablein vitro. Currently three hemo-
plasma sp巴ciesare recognized in cats. They are Myco-

plasma haemofelis (previously known as a large form of 

Haemobartonellafelis) [16]， ‘Candidatus Mycoplasma hae-
morninutum' (previously known as a smaIl form of H.タlis)

[4]， and ‘Candidatus Mycoplasma turicensis' [23]. Myco-

plasma haemofelis is causative of infectious anernia in cats. 
Although the other two feline hemoplasma species are not 
primarily causative of hemolytic anernia， concurrent disease 
or imrnune suppression may predispose a cat to develop a 
Iife-threatening anemia [1， 5， 21， 23]. 

‘Candidatus M. turicensis' was fust identified in a Swiss 
cat with a history of severe intravascular hemolysis [23]. 
Phylogenetic analyses bas巴don the 16S rRNA gene 
sequences revealed that ‘Candidatus M. turicensis' was 
cIosely related to M. coccoides and M. haemomuris， both 
rodent hemoplasma species [2， l3， 20， 22].‘Candidatus M. 
turicensis' has been readily transmitted via intravenous 
inoculation to two specific-pathogen-企eecats [23]. These 
cats were immuno-compromised by the administration of 
methylprednisolone acetate prior to experimental inocula-
tion， and one of them developed sever官加巴mia.The other 
immunocompetent cat revealed a moderate decrease in 
packed cell volume. In addition， an increase of osmotic fra-
gility in erythrocytes was observed. 

There is stiIl little knowledge of the epidemiology of 
hemoplasma infections among cats. Because hemoplasmas 
have not been successfully grown in broth medium or cell 
cultures [4]， the only readily available method for diagnos-
ing hemoplasma infection in cats depends on microscopic 
identification of micro-organisms attached to the erythro-
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cytes in Wright-Giemsa-stained peripheral blood smears. 
This is highly insensitive for detecting hemoplasmas and not 
abl巴 toidentify the three distinct hemoplasma species [19]. 
Polymerase chain reaction (PCR) analysis can identify these 
three hemoplasma species， and is more sensitive and specif-
ically than the rnicroscopic examination [1， 5， 21]. In the 
present study we demonstrate the first evidence for ‘Candi-
datus M. turicensis' infections among domestic cats in 

Japan. 
EDT A-anticoagulated blood samples were collected from 

60 pet cats (Felis catus) in various parts of Japan between 
2004 and 2005. The whole blood samples were taken for 
clinicaI diagnostic purpose in the animal hospitals， and the 
remainder was subjected for detection of hemotropic myco-
plasmas. Although age and sex of aIl the cats were avail-
able， cIinical information was incomplete. Blood samples 
were stored at -80oC prior to analysis. Total DNA was 
extracted from 200μ1 of the EDTA-anticoagulated whole 
blood samples by using the QIAamp DNA Blood Mini Kit 
(QIAGEN， Hilden， Germany) according to the manufac-
turer' s instructions， eluting into 200μl of buffer AE， and 
stored at -20oC until exarnination in the PCR assay. 

Table 1 shows the oligonucIeotides used for PCR ampli-
fication. OligonucIeotide sequences were based on genornic 
sequences of high homology among those described by 
Messick et al. [14]， Tasker et al. [18]， and Willi et al. [23]. 

These sequences are not found in any other microbial 
sequences published to date. Approximate sizes for出efust
and second step PCR products are given in the Table 1， 
while varying slightly in size depending on the strain. AII 
the oligonucleotides were commerciaIly synthesized by 
TaKaRa Bio (Shiga， Japan). 

The 16S rRNA g巴nesof hemoplasmas were amplified by 
using original prim巴rsspecific to each species (Table 1) 
PCR was performed in two steps; the first with pairs of the 
outer primers (Fl and Rl) and the second with the inner 
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Table 1. Species-specific PCR primers used for differentia1 detection of three fe1ine hemo-
p1asma species 

Primer* Nuc1eotide s巴quence Product size in base pairs 

MhfeF1 デーTTAATGCTGATGGTATGCCT-3' 616 bp for MhfeFIIMhfeR1 
MhfeR1 5'ーTGCTTAA TTCCGAAACTCCC-3' 
MhfeF2 5 '-GATTAATACCCCATAGGAAG-3 ， 272 bp for MhfeF2lMhfeR2 
MhfeR2 デーACTA TCA T AA TT A TCCCTCG-3' 
MhmnF1 5'-GATTAATGCTGGTGGTATGC-3' 654 bp for MhmnFIlMhmnRl 
MhmnR1 デーCATTGAA TTCCAGT A TCTCC-3' 
MhmnF2 デーTACTCTCTT AGTGGCGAACG-3' 403 bp for MhmnF2IMhmnR2 
MhmnR2 デーAATCAAGGCTTAATCATTTCーゲ
恥1trcFl デーGAACTGTCCAAAAGGCAGTT-3' 559 bp for MtrcF1IMtrcR1 
MtrcR1 デーTGAAT AGTA TTCGGCACAAA-3' 
MtrcF2 デーTAA TGTCCT A T AGT A TCCTC-3' 319 bp for MtrcF2lMtrcR2 
MtrcR2 デーTGCTGTCACTTATTCAGAGG-3'

*: MhfeF1， MhfeRl， MhfeF2， and MhfeR2 are specific to M. haemofelis. Simi1arly， Mhmn and 
Mtrc represent‘Candidatus M. haemominutum' and‘Candidatus M. turicensis'， respective1y 

M. haemofelis 

Not detected 

25 (42.0) 

'Candidatus M. turicensis' 'Candidatus M. haemominutum' 

Fig. 1. lncidenc巴ofhemop1asma species in 60 Japan巴sepet cats. Nurnbers in parenthesis indicate per 
cent for出eoccu町ence.

primers (F2 and R2). The mixture for each reaction con-

tained 5μ1 of extracted DNA sample and 45μlof出ePCR

master mixture which consisted of 5μ1 of lOX PCR buffer， 

8μ1 of 2.5 mM  deoxynucleoside triphosphates， 10 pmol 
specific outer primers， 2 units of Tth DNA polymerase 

(TOYOBO， Tokyo， Japan) and one drop of mineral oil. 
PCR was performed with an initial denaturation of 940C for 

30 sec， followed by 30 cycles of 30 sec at 940C， 2 min at 

550C， and 1 rnin at 720C. Then 1μ1 of the fust PCR prod-

ucts wer巴町ansferredinto a second tube containing 49μlof 

the reaction buffer as described in the first round reaction， 

for the s巴condround of the same 30 cycles of amplification， 
but with the pair of inner primers. The PCR products were 

detected by electrophoresis on a 1.0% agarose gel in .Tris-

acetate-EDTA buffer and stained with ethidium bromid巴

(0.4μg/ml) and visualized under UV transilluminator. Pos-

itive samples were directly subjected to DNA sequencing 

for identification of hemoplasma species. Nucleotide 

sequences obtained from representative samples have been 

deposited to the DNA database under the following acces-

sion numbers from AB294157 to AB294164. 

Incidence of each hemoplasma species is shown in Fig. 1 

Mycoplasma haemofelis，‘Candidatus M. haemominutum' 

加 d‘CandidatusM. turicensis' were found in 13 (21.3%)， 
28 (46.7%) and 6 (10.0%) out of 60 blood samples， irr巴spec-

tive of sex and ag巴 Dualinfections by M. haemofelis and 

‘Candidatus M. haemominutum'， by M. haemofelis and 

'Candidatus M. turicensis¥and by‘Candidatus M. haemo-
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minutum' and ‘Candidatus M. turicensis' were 3.3%， 1.7% 

and 1.79も， respectively. Mixed infection by the three hemo-

plasma species was detected in four blood samples (6.7%). 

‘Candidatusお1.turicensis' has been demonstrated in cats 

so far raised in Switzerland， United Kingdom， Australia and 
South Africa [24]. This is thus the frrst to report the occur-

rence of ‘Candidatus M. turicensis' infections among pet 

cats in Asia. In the present study using another specific 

primers， all the six cats infected with ‘Candidatus M. turi-

censis' revealed to be co-infected with M. haemofelis and/or 

‘Candidatus M. haemominutum¥ This suggests no immu-

nological cross-protection exists among these出reehemo-

plasma species [21] or co-infected via same infection route. 

Increasing age， outdoor and male sex have been reported as 

factors predisposing for hemolytic anemia due to hemo-

plasma infections in cats [9， 11， 15， 18]. Feline hemoplas-

mas are suspected to infect via blood sucking arthropods 

such as cat flea Ctenocephalides felis， although confirma-
tory studies of horizontal vector transmission are lacking 

[10， 19]. Experimental transmission of feline hemoplasma 

species between cats by oral inoculation of infected blood 

has been successful [3]. 

In addition，‘Candidatus M. turicensis' and ‘Candidatus 

M. haemominutum' have both be巴ndetected by PCR in 

saliva of infected cats [23]. This may suggest hemoplasmas 

infect through mutual grooming and sharing of food dishes 

and water bowls like Feline leukemia virus (FeLV) [12]. 

Besides， it appears that infection with hemoplasma may 

have been a trigger for the development of myelodisplasia 

or myelogenous leukemia in apparently healthy FeL V 

infected cats [17]. A possible mechanism is an increased 

mitotic rate of the erythroid s巴riesleading to a greater 

chance of neoplastic transformation in FeL V infected eryth-

roid precursors [6]. Blood loss anemia has been associated 

with greater risk of development of myelogenous leukemia 

in mice and rats [7， 8]， whereas phenylhydrazine-induced 

hemolytic anemia accelerates pre-B cell lymphoma forma-

tion in mice. Immune stimulation during hemotropic myco-

plasmosis might also predispose to neoplastic 

transformation. Therefore， aJthough both ‘Candidatus M. 

turicensis' and ‘Candidatus M. haemominutum' are solely 

low virulent， their opportunistic infections may cause seri-

ous disorders in ca 
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