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Objective: To understand the prevalence of the hemotropic mycoplasmosis among stray cats.
Methods: In this research, 52 cats (30 queens and 22 toms) of different municipal regions of
Tehran, the capital of Iran, were restrained and injected with tranquilizer. Peripheral blood
samples were taken in order to detect blood parasites and taken blood smears were transferred
to the parasitology laboratory, fixed by methanol and stained by Giemsa.
Results: About 32.7% of samples were positive for Mycoplasma spp. and some abnormalities
were observed in leukocyte numbers.
Conclusions: There are some unclear aspects of hemotropic mycoplasmosis in Iran. This
disease also has zoonotic importance. Therefore, some further researches are necessary to
clarify the importance of the disease in different parts of Iran and its potential vectors.
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1. Introduction

observed by light microscopy[5].
Blood-sucking arthropods such as fleas are the primary

F e l i n e h e m o t r o p i c m y c o p l a s m o s i s ( f o r m e r l y,

vectors of the hemotropic Mycoplasma spp., but M. haemofelis

hemobartonellosis) is caused by different species of wall-less

was experimentally transmitted by intraperitoneal, intravenous

Gram-positive bacteria which belong to genus Mycoplasma, class

injection and oral administration of infected blood[2,6].

Mollicutes[1].

Three species of Mycoplasma have been reported

The disease symptoms vary from no observable clinical signs

in infected cats [Mycoplasma haemofelis (M. haemofelis),

to severe anemia and sometimes death, dependence on infective

Candidatus Mycoplasma haemominutum (Candidatus M.

Mycoplasma species and presence of stress or co-infections[2].

haemominutum) and Candidatus Mycoplasma turicensis

The disease which is caused by M. haemofelis is divided into

Mycoplasma spp. can be divided

preparasitemic, acute, recovery and carrier phases[7]. In cats

by their size (large variant is classified as M. haemofelis and

with severe anemia, depression, tachypnea, weakness, anorexia,

small variant as Candidatus M. haemominutum)[3,4]. Candidatus

weight loss, pale mucous membranes and dehydration can

M. turicensis was first reported in a Swiss cat but it has not been

be observed[2,8]. In Candidatus M. haemominutum infection,

(Candidatus M.

turicensis)][2].

mild fever has been observed in experimentally infected
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cats[8]. Candidatus M. turicensis can cause moderate to severe
anemia. Concurrent infections and stress increase the disease
severity which is caused by Candidatus M. haemominutum and
Candidatus M. turicensis[2,5].
Diagnosis is usually made by organism observation in blood
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films. PCR can be used for Mycoplasma species identification[1,2].
Mycoplsma spp. are easily recognized in stained blood films and
the organisms appear as small dark blue cocci (0.3–0.8 µm). They
can be observed as rods and rings which attach on the surface of
erythrocytes[2,9]. Candidatus M. haemominutum appears more in
small rods and cocci and low numbers of organisms are detected

B

A

per red blood cell[2].
Hemotropic Mycoplasma spp. organisms can potentially be
transmitted to human but their zoonotic importance will be
discussed later[10].
Stray cats are living and moving in streets, parks and some
other public places in Iran. The aim of this study was to
understand the prevalence of the hemotropic mycoplasmosis
among stray cats.

2. Materials and methods
In this research, based on municipal regions of Tehran, the
capital of Iran, 52 cats (30 queens and 22 toms) were restrained

C

D

Figure 1. A, B: Mycoplasma spp. chains on the reticulocytes, 150×,
200×, respectively, stained by Giemsa; C: Separated cocci of Mycoplasma
spp. on the reticulocytes (black arrows), 150×, stained by Giemsa; D:
Mycoplasma spp. on the reticulocyte (long black arrow) and Howell-Jolly
body (short black arrow).
A monocyte (left) and a band cell (right) noted the anisocytosis, 100×,
stained by Giemsa.

4. Discussion

in a cage containing sausage and then injected with tranquilizer.
Peripheral blood samples were taken in order to detect blood

In Spain, 3.7% of cats had infected by M. haemofelis, 9.9%

parasites, and taken blood smears were transferred to the

by Candidatus M. haemominutum and 0.5% by Candidatus M.

parasitology laboratory, fixed by methanol and stained by

turicensis. There was positive correlation between hemotropic

Giemsa. The infection between toms and queens was analyzed by

mycoplasmosis, and outdoor access and male sex[11]. In Canada,

Chi-square test, SPSS software.

subclinical hemotropic mycoplasmosis was detected in 12% of
shelter cats and 4% of client-owned cats[12]. In Japan, M. haemofelis

3. Results

infection was reported in 67% of domestic cats, Candidatus M.
haemominutum in 22% and combined infection of M. haemofelis

A total of 17 samples (10 queens, 7 toms) out of 52 were

and Candidatus M. haemominutum in 11% of domestic cats[13].

positive in hemotropic mycoplasmosis (32.7%; 20%–45% with

In Australia, 0.9% of flea-infested cats were positive for M.

95% confidence interval). There was no significant difference

haemocanis, 15.3% for Candidatus M. haemominutum and 0.9% for

between infected toms and queens (P > 0.05). In 14 samples,

Candidatus M. turicensis[14]. In Britain, less than 2% of both groups

the separated cocci of Mycoplasma spp. were observed but in

(ill and healthy cats) were infected with M. haemofelis, of which

3 samples, the bacterial cocci were in chain form (Figure 1). In

20% of ill cats and 8% of healthy cats were infected by Candidatus

differential leukocyte counts of positive samples, five groups

M. haemominutum. Male cats were more commonly infected[15]. In

were described. Group A (5 samples): only band cell increasing was

the US, about 30% and 14% of anemic and healthy cats, respectively

observed. The band cells were counted [5%–10% (2 toms), 15%–

were infected by M. haemofelis alone or in combination with

20% (1 tom and 1 queen) and > 20% (1 queen)]. Group B (1 queen):

Candidatus M. haemominutum[16]. In another study in Florida, 8%

neutropenia, band cell increasing (5%–10%), monocytosis and

of samples were infected by M. haemofelis and 12% were infected

lymphocytosis were recorded. Group C (5 samples): monocytosis

by Candidatus M. haemominutum[17]. In one study based on RT-

with band cell increasing was observed and counted band cells

PCR, infection of M. hamefelis, Candidatus M. haemominutum

were 5%–10% (3 queens), 15%–20% (1 tom) and > 20% (1 queen).

and Candidatus M. turicensis among samples of different countries

Group D (3 samples): neutropenia, band cell increasing (5%–10%)

was estimated 1.6%, 17% and 2.3% in UK, 4.8%, 24% and 10% in

and monocytosis were observed (2 queens and 1 tom). Group F (3

Australia and 15%, 38% and 26% in South Africa, respectively[18].

samples): neutropenia, band cell increasing and lymphocytosis was

In Iran, 22% of Persian short hair cats were infected by Mycoplasma

detected. Band cells were counted as 5%-10% (1 queen, 1 tom)

spp., three species of all were detected in the infected blood samples

and 10%–15% (1 tom). Anisocytosis was observed in 11 positive

and combined infections were also observed[19]. In this study,

samples (Figure 1).

hemotropic mycoplasmosis was reported as 32.7% (20%–45% with
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95% confidence interval).

immunodeficiency virus and feline retroviruses [4,

11,17,24] .

Cats with acute infection of M. haemofelis have immune-

T h e s e i m m u n o s u p p r e s s ive i n f e c t i o n s c a n i n c r e a s e t h e

mediated regenerative hemolytic anemia. In the blood films,

mycoplasmosis severity and the parasitemia is recognized

reticulocytosis, anisocytosis, polychromatophilic macrocysts,

more in these immunocompromised cats[9,24]. There are some

nucleated erythrocytes and increased numbers of Howell-Jolly

reports of combined infections of different species of feline

pathognomonic[2].

hemotropic Mycoplasma[11,13,19,21,28,35]. In this research, only

In Candidatus M. haemominutum infection, mild regenerative

peripheral blood smear was available and the infective species of

anemia is observed[15,20]. Anemia in Candidatus M. turicensis

Mycoplasma could not be determined.

bodies can be observed, but none of them are

infection can be moderate to severe[2]. In one study, Mycoplasma

M. haemofelis was infected an immunocompromised man

spp. infections were observed in regenerative anemic cats,

from Brazil [10] . Other Mycoplasma spp. also infect different

nonregenerative anemic and healthy groups[21].

individuals in the US and China[36,37]. These cases suggested that

The cocci form of hemotropic Mycoplasma spp. must be

hemotropic mycoplasmosis can transmit to human[25]. Therefore,

differentiated from stain percipitates, Howell-Jolly bodies,

more researches are needed to clarify unclear aspects of the

basophilic stipplings, siderotic inclusions and Cytauxzoon

disease.

felis [22,23] .

The size of Mycoplasma spp. are not reliable,

because Candidatus M. haemominutum has been reported
in both small and large

size [4,8,24] .
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PCR methods can be used now[8,16,25,26]. RT-PCR assays are also

available [18,25,27,28]. A recombinant antigen-based ELISA was
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Differential leukocyte counts are variable in hemotrpic
mycoplasmosis[8,30]. In this research, band cell increasing was

References

observed in all positive samples with different percentages.
Mature neutropenia, monocytosis and lymphocytosis were also

[1] Q uinn PJ, Markey BK, Leonard FC, Hartigan P, Fanning S,

detected as explained in the result section. Mature neutropenia

FitzPatrick ES. Veterinary microbiology and microbial disease. 2nd

can develop in acute inflammatory conditions when the

ed. London: Wiley-Blackwell; 2011.

demand for neutrophils depletes the bone marrow storage pool.
Degenerative left shifts are often present in these disorders[9,23].

[2] G reene CE. Infectious diseases of the dog and cat. 4th ed. Saint
Louis, Missouri: Elsevier/Saunders; 2012, p. 310-9.

Band cell increasing in all Mycoplasma-infected samples is a

[3] N eimark H, Johansson KE, Rikihisa Y, Tully JG. Revision of

sign of left shift. In this research, it is regenerative (with normal

haemotrophic Mycoplasma species names. Int J Syst Evol Microbiol

number of mature neutrophils) in 10 samples and degenerative (with

2002; 52: 683.

neutropenia) in 7 samples. Monocytosis may be present in both
acute and chronic

inflammation[23,31].

Some inflammatory cytokines

and endogenous or exogenous glucocorticoid steroids can induce

a low-virulence epierythrocytic parasite of cats. Int J Syst Evol
Microbiol 2001; 51: 815-7.

Lymphocytosis is sometimes

[5] Willi B, Boretti FS, Baumgartner C, Cattori V, Meli ML, Doherr

present in chronic inflammation[32]. Lymphocytosis was reported in

MG, et al. [Feline hemoplasmas in Switzerland: identification of

feline hemotropic mycoplasmosis (bartonellosis), feline leukaemia

a novel species, diagnosis, prevalence, and clinical importance].

virus and feline immunodeficiency virus infections[33,34]. In this

Schweiz Arch Tierheilkd 2006; 148: 139-40. German.

monocytosis and

lymphocytosis[23].

[4] Foley JE, Pedersen NC. ‘Candidatus Mycoplasma haemominutum’,

research, both monocytosis and lymphocytosis were recorded in
some Mycoplasma positive samples.

Evaluation of experimental transmission of Candidatus Mycoplasma

Hemotropic mycoplasmosis can be treated by orally
administered doxycycline, enrofloxacin, pradofloxacin and
marbofloxacin. Glucocorticoids in severely anemic cats can
decrease

erythrophagocytosis[1,2].

[6] Woods JE, Brewer MM, Hawley JR, Wisnewski N, Lappin MR.

Unfortunately, antimicrobial

treatment reduces or eliminates visible parasitemia but the
organism does not clear from the infected cat’s body[2].
Co-infection of feline hemotropic mycoplasmosis
has been reported with feline leukaemia virus, feline

haemominutum and Mycoplasma haemofelis by Ctenocephalides
felis to cats. Am J Vet Res 2005; 66: 1008-12.
[7] Novacco M, Boretti FS, Wolf-Jäckel GA, Riond B, Meli ML, Willi
B, et al. Chronic “Candidatus Mycoplasma turicensis” infection. Vet
Res 2011; 42: 59.
[8] Tasker S. Haemotropic mycoplasmas: What’s their real significance
in cats? J Feline Med Surg 2010; 12: 369-81.
[9] Valenciano AC, Cowell RL, Rizzi TE, Tyler RD. Atlas of canine and

Maryam Rassouli/Asian Pac J Trop Dis 2016; 6(3): 204-207

feline peripheral blood smears. 1st ed. Saint Louis: Mosby; 2014, p.
95-231.
[10] dos Santos AP, dos Santos RP, Biondo AW, Dora JM, Goldani LZ,
de Oliveira ST, et al. Hemoplasma infection in HIV-positive patient,
Brazil. Emerg Infect Dis 2008; 14: 1922-4.
[11] Roura X, Peters IR, Altet L, Tabar MD, Barker EN, Planellas M, et
al. Prevalence of hemotropic mycoplasmas in healthy and unhealthy
cats and dogs in Spain. J Vet Diagn Invest 2010; 22: 270-4.

207

[22] R
 assouli M, Sabouri S, Goudarzi A, Parsa M. Cytauxzoon felis in a stray
cat in Iran. Comp Clin Pathol 2015; 24: 75-7.
[23] S
 tevens A, Lowe JS, Scott I. Veterinary Hematology. A Diagnostic guide
and color atlas. Saint Louis: Elsevier Saunders; 2011, p. 140-70.
[24] Sykes JE. Feline hemotropic mycoplasmas. Vet Clin N Am Small Anim
Pract 2010; 40: 1157-70.
[25] Barker E, Tasker S. Hemoplasmas: lessons learnt from cats. N Z Vet J
2013; 61(4): 184-92.

[12] Nibblett BM, Waldner C, Taylor SM, Jackson ML, Knorr LM, Snead

[26] S
 antos AP, Messick JB, Biondo AW, Oliveira ST, Pedralli V, Lasta CS,

EC. Hemotropic mycoplasma prevalence in shelter and client-owned

et al. Design, optimization, and application of a conventional PCR

cats in Saskatchewan and a comparison of polymerase chain reaction

assay with an internal control for detection of ‘Candidatus Mycoplasma

(PCR)-Results from two independent laboratories. Can J Vet Res

turicensis’ 16S rDNA in domestic cats from Brazil. Vet Clin Pathol

2010; 74: 91-6.

2009; 38: 443-52.

[13] Watanabe M, Hisasue M, Hashizaki K, Furuichi M, Ogata M,

[27] Kumar KS, Lee HG, Yoo DJ, Kang SH. Ultra-fast detection and

Hisamatsu S, et al. Molecular detection and characterization

differentiation of Mycoplasma haemofelis and Candidatus M.

of Haemobartonella felis in domestic cats in Japan employing

haemominutumin Korean feral cats by microchip electrophoresis with

sequence-specific polymerase chain reaction (SS-PCR). J Vet Med

programmed field strength gradients. Bull Korean Chem Soc 2008;

Sci 2003; 65: 1111-4.

29(1): 153-8.

[14] Barrs VR, Beatty JA, Wilson BJ, Evans N, Gowan R, Baral RM, et

[28] S ykes JE, Drazenovich NL, Ball LM, Leutenegger CM. Use of

al. Prevalence of Bartonella species, Rickettsia felis, haemoplasmas

conventional and real-time polymerase chain reaction to determine the

and the Ehrlichia group in the blood of cats and fleas in eastern

epidemiology of hemoplasma infections in anemic and nonanemic cats.

Australia. Aust Vet J 2010; 88: 160-5.

J Vet Intern Med 2007; 21: 685-93.

[15] Tasker S, Binns SH, Day MJ, Gruffydd-Jones TJ, Harbour DA,

[29] Wolf-Jäckel GA, Jäckel C, Museux K, Hoelzle K, Tasker S, Lutz H, et al.

Helps CR, et al. Use of a PCR assay to assess prevalence and risk

Identification, characterization, and application of a recombinant antigen

factors for Mycoplasma haemofelis and ‘Candidatus Mycoplasma

for the serological investigation of feline hemotropic Mycoplasma

haemominutum’ in cats in the United Kingdom. Vet Rec 2003; 152:

infections. Clin Vaccine Immunol 2010; 17: 1917-25.

193-8.
[16] Jensen WA, Lappin MR, Kamkar S, Reagan WJ. Use of a polymerase

[30] VanSteenhouse JL, Millard JR, Taboada J. Feline hemobartonellosis.
Compend Contin Educ Pract Vet 1993; 15: 535-45.

chain reaction assay to detect and differentiate two strains of

[31] Greiner M, Wolf G, Hartmann K. A retrospective study of the clinical

Haemobartonella felis in naturally infected cats. Am J Vet Res 2001;

presentation of 140 dogs and 39 cats with bacteraemia. J Small Anim

62: 604-8.

Pract 2008; 49: 378-83.

[17] Luria BJ, Levy JK, Lappin MR, Breitschwerdt EB, Legendre AM,

[32] Fulton R, Gasper PW, Ogilvie GK, Boone TC, Dornsife RE. Effect

Hernandez JA, et al. Prevalence of infectious diseases in feral cats in

of recombinant human granulocyte colony-stimulating factor on

Northern Florida. J Feline Med Surg 2004; 6: 287-96.
[18] Willi B, Tasker S, Boretti FS, Doherr MG, Cattori V, Meli ML, et
al. Phylogenetic analysis of “Candidatus Mycoplasma turicensis”

hematopoiesis in normal cats. Exp Hematol 1991; 19: 759-67.
[33] Breitschwerdt EB. Feline bartonellosis and cat scratch disease. Vet
Immunol Immunopathol 2008; 123: 167-71.

isolates from pet cats in the United Kingdom, Australia, and South

[34] Gleich S, Hartmann K. Hematology and serum biochemistry of feline

Africa, with analysis of risk factors for infection. J Clin Microbiol

immunodeficiency virus-infected and feline leukemia virus-infected

2006; 44: 4430-5.

cats. J Vet Intern Med 2009; 23: 552-8.

[19] Ghazisaeedi F, Atyabi N, Zahrai Salehi T, Gentilini F, Ashrafi Tamai

[35] van Geffen C. Coinfection with Mycoplasma haemofelis and ‘Candidatus

I, Akbarein H, et al. A molecular study of hemotropic mycoplasmas

Mycoplasma haemominutum’ in a cat with immune-mediated hemolytic

(hemoplasmas) in cats in Iran. Vet Clin Pathol 2014; 43(3): 381-6.

anemia in Belgium. Vlaams Diergeneeskundig Tijdschrif 2012; 81:

[20] R e y n o l d s C A , L a p p i n M R . “ C a n d i d a t u s M y c o p l a s m a
haemominutum” infections in 21 client-owned cats. J Am Anim Hosp
Assoc 2007; 43: 249-57.
[21] I shak AM, Redecki S, Lappin MR. Prevalence of Mycoplasma
haemofelis, ‘Candidatus Mycoplasma haemominutum’, Bartonella

224-8.
[36] S ykes JE, Lindsay LL, Maggi RG, Breitschwerdt EB. Human
coinfection with Bartonella henselae and two hemotropic mycoplasma
variants resembling Mycoplasma ovis. J Clin Microbiol 2010; 48:
3782-5.

species, Ehrlichia species, and Anaplasma phagocytophilum DNA

[37] Yuan CL, Liang AB, Yao CB, Yang ZB, Zhu JG, Cui L, et al. Prevalence

in the blood of cats with anemia. J Feline Med Surg 2007; 9: 1-7.

of Mycoplasma suis (Eperythrozoon suis) infection in swine and swine-

doi:10.1016/j.jfms.2006.05.003.

farm workers in Shanghai, China. Am J Vet Res 2009; 70: 890-4.

