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Hemoplasmas are organisms attached to the surface 
of erythrocytes of various mammalians, in which they 
cause anemia. The species described in cats are as 
follows: Mycoplasma haemofelis (Mhf ), Candidatus 
Mycoplasma haemominitum (CMhm), Candidatus 
Mycoplasma turicensis (CMt), and Candidatus 
Mycoplasma haematoparvum. Mhf is the most patho-
genic species in cats, most frequently responsible 
for clinical cases (4, 6, 20, 21). In Turkey there are 
few studies on hemoplasma infections in cats. The 
first hemotropic mycoplasma was reported in a cat in 
Istanbul in 1993 (25). A number of subsequent stud-
ies were limited to case reports and reports based on 
a  microscopic examination (1, 3). The diagnosis of 
CMh in a cat using molecular methods was reported 
for the first time in 2008 (27). In Turkey, the first study 
on the presence of the agent at the molecular level 
and clinical findings was carried out in 2009, and the 

prevalence of the disease was found to be 18.9% (26). 
Aslan et al. (4) detected Mhf infection in a cat by PCR 
and electron microscope imaging. In the most recent 
study, hemoplasma species were examined using PCR 
and RFLP methods in blood samples obtained from 384 
owned cats, and at least one mycoplasma species was 
detected in 19.3% of the cats. The prevalence of Mhf, 
CMhm, and CMt was reported to be 9.9%, 17.7%, and 
0.8%, respectively (9).

Although the routes of transmission of hemoplasmas 
are unknown, it is thought that fleas play a role in it 
(24, 28). When the risk factors for the transmission of 
the disease in cats were examined, the incidence of the 
agent was reported to be higher in older cats usually 
contacting the outdoors (13, 22, 24) and adult male 
stray cats (11, 24, 28). Furthermore, it is reported that 
the presence of viral diseases causing immunosup-
pression, such as FIV and FeLV, is the most important 
predisposing factor for the development of the disease 
(11, 13, 18, 21, 24).

This study’s aim was to determine the presence of 
hemoplasma species in cats using real-time PCR and 
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Summary
The aim of this study was to determine the prevalence of hemoplasma species in cats by real-time PCR and 

to determine the distribution of the species. Furthermore, it was aimed to evaluate factors that are thought 
to be important in the epidemiology of the disease in cats statistically. For this purpose, blood samples from 
246 cats were examined for Candidatus Mycoplasma haemominitum (CMhm), Mycoplasma haemofelis (Mhf) 
and Candidatus Mycoplasma turicensis (CMt) by real-time PCR. CMhm was detected in 20 (8.13%), CMt was 
detected in 3 (1.22%), and Mhf was found in 2 (0.81%) of 246 cats. At least one of the hemoplasma species 
was detected in 21 (8.54%) of 246 cats, and two different hemoplasma species were detected in 4 (19.05%) of 
21 cats diagnosed with hemoplasma. The relationship between PCR positivity, the contact of cats with other 
cats (p = 0.02) and the detection of the intraoral wound (p = 0.001) was found to be statistically significant. 
The statistical significance of contact with other cats in the formation of the disease was revealed. The strong 
relationship between the presence of intraoral lesions and hemoplasma infection was revealed for the first 
time. Studies involving epidemiological data and their relationship with clinical findings should be continued.
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determine the species distribution. In 
addition to determining the prevalence 
rate, the aim was to statistically evalu-
ate the clinical signs and demographic 
characteristics, such as age, breed, sex, 
and living conditions, which are im-
portant in the formation of the disease, 
and thus to obtain information about 
the epidemiology of the disease.

Material and methods
Blood samples were taken from cats 

brought to the Internal Medicine Clinic 
of the Faculty of Veterinary Medicine for 
various reasons. All clinical findings, such 
as anemia, anorexia, fever, weight loss, jaundice, hypogly-
cemia, splenomegaly, paleness of the mucosa, and depres-
sion, were recorded for statistical analysis. According to 
the results of a study conducted in Turkey, the prevalence 
of the disease was found to be 19%. In this study, the blood 
samples of 246 cats were examined, assuming the estimated 
prevalence of the disease to be 20% at a 95% confidence 
level and 5% absolute sensitivity.

Before sample collection, information on cats was 
recorded, such as age, breed, sex, external parasite control, 
viral diseases that might cause anemia, general health status, 
the reason for admission to the clinic, the form of breeding 
(living at home, outdoors, with more than one cat, etc.), 
and neutering status. When some information could not 
be obtained for various reasons, statistical analyses were 
based on the data collected. The blood samples taken with 
EDTA anticoagulant tubes were sent to the laboratory of the 
Department of Microbiology within half an hour and stored 
at –20°C until being examined by PCR (12, 28).

Complete blood counts (CBC) were analyzed using 
the BC-2800 Vet (Mindray, Shenzen, China) hematology 
analyzer. The FIV Ab/FeLV Ag Anigen test (Korea) was 
performed following the manufacturer’s instructions. As 
a result of the CBC from blood samples, hematocrit values 
less than 25 were considered anemic (15).

DNA was extracted from 200 µl EDTA whole blood 
using the QIAamp DNA Blood Mini Kit (Quiagen, Hilden, 
Germany), according to the manufacturer’s instructions, and 
the extracted DNA was stored at –20°C. Before investigat-
ing the samples by real-time PCR, all DNA samples were 
examined using the conventional PCR for the presence of 
glyceraldehyde-3-phosphate dehydrogenase (GAPDH) gene 
to detect PCR inhibitors in the samples and to determine 
whether the extraction had been performed properly. For 
this purpose, 25 µl volume of PCR mixture was prepared 
to contained 1 µl DNA, 0.5 µM of each primer (GAPDH-F  
CCTTCATTGACCTCAACTACAT and GAPDH-R 
CCAAAGTTGTCATGGATGACC), 12.5 µl PCR master 
mix (PCR master mix K0171, Thermo Scientific, Waltham, 
MA, USA), and 10.5 µl distilled water. The prepared mix-
tures were subjected to pre-denaturation at 94°C for 5 min-
utes in the PCR device, followed by synthesis at 94°C for 30 
seconds, at 52°C for 1 minute and at 72°C for 1 minute with 
40 cycles, and the final elongation at 72°C for 5 minutes. 
The products were run on a 1.5% agarose gel. The 400-bp 

long bands were evaluated as positive, and these samples 
were examined by real-time PCR (2, 8).

Blood samples were examined by real-time PCR accord-
ing to the method described by Duarte et al. (11) to detect 
three different hemoplasma species. The PCR mixture 
contained 4 µl 2 × LC TaqMan master mix, 0.5 µl of each 
primer (10 pmol) and probe, 5 µl template DNA and 9.5 µl 
distilled water, with a volume of 20 µl. The PCR device 
(Light Cycler 2.0, Roche, Basel, Swiss) was programmed to 
pre-steps at 50°C for 2 minutes and at 95°C for 10 minutes, 
and then 50 cycles at 95°C for 10 seconds and 50-60°C for 
1 minute and 72°C for a 1-second synthesis stage and 40°C 
for 30 seconds for cooling (11). The sequences and anneal-
ing temperatures of the primers are presented in Table 1. 
Mhf, CMhm, and CMt DNA kindly provided by Dr. Severine 
Tasker from the Bristol Veterinary School, University of 
Bristol, was used as positive controls in the study.

According to the real-time PCR results, the cats were 
defined as hemoplasma-infected. The categorical variables 
(sex, species, hemoplasma coinfection, FIV and FeLV infec-
tion, contact with the outside, the place of care, etc.) were 
analyzed by Fisher’s exact test (if the smallest theoretical 
frequency < 5) or chi-square test (if the smallest theoreti-
cal frequency > 5). A P-value ≤ 0.05 was considered to be 
statistically significant (12, 16).

Results and discussion
According to the data collected, it was found that 

there were 133 male cats and 106 female cats, 77 
spayed cats, 124 unspayed cats, 189 cats were over 
the age of 1, and 54 cats were below the age of 1. 
Two cats were Ankara cats, 13 cats were Persian cats, 
one cat was Scottish fold, five cats were Siamese cats, 
and the remaining cats were of a mixed breed. It was 
reported that the regular external parasite control of 
96 cats was performed. However, no parasite control 
program was applied for 127 cats. One hundred eighty 
cats had a living condition at home only, while 40 cats 
had contact with the outside. Forty-six cats had varying 
degrees of anemia, and 198 cats did not have anemia.

As a result of the PCR performed after the extrac-
tion of 246 blood samples, a 400-bp long band was 
detected in all samples. Thus it was determined that 
there was no PCR inhibitor in the samples, and the 

Tab. 1. Sequences and annealing temperatures of the primers used in real-time 
PCR

Species Temperature Sequence

Mhf 60°C

forward CGG CCA AGG TTA GTG GCA AAC GG

reverse TCC CTCA GCG CCC GAA GGC T

probe FAM ACA TGC CCC TCT GTG GGG GAT AGC CGC TTG TAMRA

CMhm 50°C

forward ACG AAA GTC TGA TGG AGCA ATA

reverse ACG CCC AAT AAA TCC GRA TAA T

probe JOE AGC TTG ATA GGA AAT GAT TAA GCC TTG AA TAMRA

CMt 52°C

forward GAA GGC CAG ACA GGT CGT AAA G

reverse CTG GCA CAT AGT TWG CTG TCA CTT A

probe FAM AAA TTT GAT GGT ACC CTC TGA MGB
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extraction of DNA from them was performed appro-
priately. According to real-time PCR results, CMhm 
was detected in 20 (8.13%), CMt was detected in 3 
(1.22%), and Mhf was detected in 2 (0.81%) of 246 
cats. At least one of the hemoplasma species was de-
tected in 21 (8.54%) of a total of 246 cats. Both Mhf 
and CMhm were detected in two cats, both CMt and 
CMhm were detected in two cats, and two different 
hemoplasma species were detected in 4 (19.05%) of 
the 21 cats diagnosed with hemoplasma.

According to the statistical analysis, the relation-
ship between PCR positivity and age (P = 0.36), sex 
(P = 0.17), breed (P = 0.83), the presence of anemia 
(P = 0.54), the presence of a viral disease (P = 0.45), 
the lack of parasite control (P = 0.45), the detection of 
icterus (P = 0.75), and contact of cats with the outside 
(P = 0.058) was not found to be statistically significant. 
Nevertheless, the relationship between PCR positivity 
and the contact of cats with other cats (P = 0.02) was 
found to be statistically significant. Moreover, the re-
lationship between the detection of an intraoral wound 
and the detection of an agent by PCR was found to 
be statistically very significant (P = 0.0001) (Tab. 2).

Hemoplasma infections in cats can be observed in 
various forms ranging from severe anemia to chronic 
infections without clinical symptoms. In acutely infect-
ed animals, anemia ranging from a mild to severe form 
that may cause death, and anorexia, fever, weight loss, 
jaundice, and hypoglycemia may be observed depend-
ing on the infected mycoplasma species (5, 7, 10, 19, 
21, 24). Mhf and Cmt can be associated with anemia, 
and Mhf is the most pathogenic and common species 
responsible for clinical signs. CMhm usually causes 
a few clinical signs (11, 12, 20, 24, 28). The number 
of molecular studies on the presence and distribution 
of hemoplasma species in cats has increased, espe-
cially in the last decade. While CMhm was detected in 
11.2% of cats in England, Mhf and CMt were detected 
in 2.8% and 1.7%, respectively (20). Maher et al. (16) 
determined the prevalence in Greece to be 20.6%. The 
researchers found that seven cats were infected only 
with Mhf, ten cats were infected only with CMhm, 
and three cats were co-infected with Mhf and CMhm. 
Nibblett et al. (19) found the prevalence of subclini-
cal hemoplasma infection to be 8%. In two different 
studies carried out in Portugal it was revealed that the 
prevalence of hemoplasma was 27.1% (11) and 43.43% 
(18). In Denmark it was reported that the prevalence 
of CMhm was 14.9%, and the prevalence of Mhf was 
1.5% in cats (22). The prevalence of hemoplasma was 
reported to be 17.7% (13) in Japan, 13.8% (2) and 
25.8% (17) in Brazil, 15.1% (28) in Chile, 13.2% (21) 
and 18.9% (12) in Northern Italy, 10.6% (10) in Spain, 
and 17.2% (23) in Serbia. In most of the studies, it was 
reported that the most frequently isolated species was 
CMhm, which was usually followed by Mhf. Moreover, 
CMt infection was observed as a coinfection, especially 
with CMhm (2, 10, 11, 12, 17, 18, 20, 21, 28). In the 

first study conducted at the molecular level in Turkey, 
the prevalence of the disease was found to be 18.9% 
(26). Most recently, Çetinkaya et al. (9) investigated 
hemoplasma species using PCR and RFLP methods 
from the blood samples of 384 owned cats. As a result 
of the study, the researchers detected at least one of 
the Mycoplasma species in 19.3% of the cats. They 
found the prevalence of Mhf, CMhm, and CMt to be 
9.9%, 17.7%, and 0.8%, respectively. At least one of 
the hemoplasma species was detected in 21 (8.54%) of 
the 246 cats examined in this study. When the species 
distribution was examined, it was observed that the 
most frequently isolated species was CMhm (8.13%), 
similar to other studies. The results of the studies on 
the distribution of hemoplasma species vary depending 
on many factors, including the clinical status of the 
animals examined, blood parameters, the season of 
sample collection, living conditions of animals, and the 
laboratory techniques used. Since no epidemiological 
data on the sampled cats were available in the most 
recent study in Turkey, it was not possible to compare 
the results of the studies. Çetinkaya et al. (9) carried out 

Tab. 2. Sample characteristics and statistical analysis of the 
sampled cats

Variable (n) PCR (–) PCR (+) P-value

Age
< 1 (54) 51 3

0.36
≥ 1 (189) 171 18

Sex
Female (106) 100 6

0.17
Male (133) 119 14

Breed
Non-pedigree (220) 202 18

0.83
Pedigree (21) 19 2

Blood counts
Anemic (46) 41 5

0.54
Normal values (198) 182 16

Viral diseases
Positive (96) 85 11

0.45
Negative (2) 2 0

Parasite treatment

External/internal (116) 105 11

0.45Internal (20) 19 1

None (96) 86 10

Fever

High (20) 16 4

0.13Normal (219) 202 17

Low (3) 3 0

Icterus
Positive (28) 26 2

0.75
Negative (214) 195 19

Contact with other 
animals

Yes (56) 47 9
0.02*

No (160) 150 10

Living conditions
Indoor (180) 166 14

0.058
Outdoor (40) 33 7

Spayed/neutered
No (77) 73 4

0.19
Yes (124) 111 13

Oral lesions
Yes (5) 0 5

0.0001*
No (241) 225 16

Explanations: significant associations are shown with *
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the most comprehensive molecular study in Istanbul in 
2016, and the prevalence values were observed to be 
lower in that study. It is considered that the difference 
in the prevalence values was caused by the general 
health status and living conditions of the cats examined, 
and the use of different molecular diagnostic methods 
in studies as the most important factor.

Many studies have found a  relationship between 
viral diseases such as FIV, FeVL causing immuno-
suppression, and the high prevalence of hemoplasma 
(11-14, 18, 21, 23). In a study carried out on cats with 
anemia, FIV was detected in 2 of 39 cats when they 
were classified according to infectious causes (15). In 
this study, cats with the suspected viral disease were 
examined for FIV, FIP, and FeLV using rapid test kits. 
At least one of these viral diseases was detected in 11 
of the cats diagnosed with hemoplasma. However, this 
relationship was not statistically significant (P = 0.45).

When the clinical findings of cats with hemoplasma 
species were examined, it was observed that these cats 
frequently had intraoral wounds, according to the sta-
tistical analysis performed after re-evaluating all data 
of the cats examined. Although they were not taken 
as criteria while planning the study, the relationship 
between the formation of an intraoral wound and PCR 
positivity was found to be very significant. Despite 
the relatively small number of oral lesions reported, 
we believe that the correlation, which was notified for 
the first time, is important and should be examined in 
more detail concerning any significant biological effect 
for a further understanding of the epidemiology and 
pathogenesis of feline hemoplasma infections.

When the risk factors for the formation of the dis-
ease in cats were examined, they were more frequently 
detected in old cats having contact with the outside 
(10, 13, 14, 16, 21-24). In particular, the fact that 
free-roaming cats are more likely to have contact with 
cats infected with hemoplasma due to their aggressive 
behaviors may lead to a higher rate of detecting he-
moplasma species in male cats (11, 14, 24). Makino et 
al. (17) reported that male cats were at a higher risk of 
being infected with hemoplasma infections. Vergara et 
al. (28) reported that 67.2% of the cats with at least one 
of the hemoplasma species were male cats, and 53.4% 
of them were cats having contact with the outside. 
Duarte et al. (11) reported that hemoplasma species 
were more frequently detected, especially in older or 
very young cats, although no statistically significant 
difference between them was found. Some research-
ers did not find a statistical relationship between the 
presence of hemoplasma and the criteria, such as sex, 
breed, fertility status, age, living conditions, and ane-
mia (18, 19). In this study, no statistically significant 
relationship was found between age, sex, breed, and 
sexual status in terms of the incidence of hemoplasma 
species. However, while 180 of the cats were kept 
only at home, 40 of them had access to the outside, 
although they were cared for in the garden, at work or 

at home with contact with the outside. It was observed 
that seven of the cats diagnosed with hemoplasma had 
contact with the outside (P = 0.058), and nine of the 
cats detected to be positive by PCR were in contact 
with other cats. As a result of the statistical analysis, 
contact with other cats (P = 0.02) was a significant risk 
factor. This is not surprising since cats are social ani-
mals and often have a habit of licking each other. Stray 
cats constitute a significant population in Turkey. The 
results of the study indicate that cats in contact with 
others are at a high risk for hemoplasma infections.

Feline hemoplasmosis in cats can be observed in 
various forms ranging from severe anemia to chronic 
infections without clinical symptoms. Although hemo-
lytic anemia usually emerges as a result of experimental 
studies carried out with Mhf, no clear relationship has 
been found between the agent and anemia in the studies 
on the prevalence of infections occurring under natural 
conditions. The reason for this may be the investigation 
of different cat populations in the studies and the acute 
or chronic phase of the disease (12, 24). Korman et 
al. (15) reported that 77 of 348 cats with anemia were 
investigated for the presence of hemoplasma, and the 
ratio was found to be 7.8% (6/77). While CMhm was 
detected in three of these cats, Mhf was detected in two 
of them, and both agents were detected in one of them. 
Ural et al. (26) reported that the prevalence of hemo-
plasma was higher in cats with clinical findings. CMhm 
was detected in 30.4% of cats with anemia, although it 
was not statistically significant. Other researchers have 
reported the lack of association between hemoplasma 
PCR-positive status and anemia (6, 12). Ravagnan et 
al. (21) detected CMhm more frequently in cats with 
anemia. However, the rate of detection of Mhf in cats 
with anemia was found to be statistically significant 
compared to healthy cats. Cats are not capable of 
eliminating hemoplasma species and remain carriers. 
However, they exhibit clinical findings only in the first 
stage of the disease. Therefore, the common interpre-
tation in most of the studies is that association with 
clinical findings could not be found due to the inability 
to determine the cats’ stage of the disease. The results 
of our study also support this hypothesis. Anemia 
was observed in 46 (18.7%) of the cats examined, of 
which only five were positive for hemoplasma. Three 
cats presented positivity for CMhm, one for Cmt, and 
the last one showed co-positivity for Mhf and CMhm. 
However, no statistically significant relationship was 
found between hemoplasma positivity and the presence 
of varying degrees of anemia (P = 0.54).

In this study, the current prevalence of hemoplasma 
in cats was found to be 8.5%. Furthermore, some 
physiological, pathological, and behavioral variables 
that are thought to play a role in the formation of the 
disease were statistically analyzed, and the relationship 
between PCR positivity and the contact with other cats 
(P = 0.02) was found to be statistically significant. Cats 
are animals that are in very close physical contact when 
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they accept each other socially. They sometimes get 
in intense contact with each other aggressively while 
hunting, playing games, protecting the territory, or 
being angry. For these reasons, when the habitual be-
haviors of cats are considered, limiting these factors is 
the most important measure to be taken for the control 
of hemoplasma infections in cats. In this study, the 
strong relationship between the presence of intraoral 
lesions, one of the symptoms of many diseases in cats, 
and hemoplasma infection was revealed for the first 
time. Although there is a need for more detailed studies 
on the subject, it is thought that this result may help 
clinicians to consider hemoplasma infections in the 
differential diagnosis.
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