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Abstract

The aim of this research was to investigate natural hemoplasma infection in cats treated at the Veterinary 
Hospital of the Federal University of Mato Grosso, and the factors associated with infection. Blood 
samples from 151 cats of different sexes, breeds, and ages were analyzed by PCR and blood count. 
The overall occurrence of hemoplasma was 25.8%. Mycoplasma haemofelis (Mhf), ‘Candidatus 
Mycoplasma haemominutum (CMhm)’, and ‘Candidatus Mycoplasma turicensis’ (CMt) were observed 
in 15.2%, 14.6% and 2.6% of cats, respectively. In 6.6 % of cases, co-infection was observed. Male 
felines or mixed breed cats were associated with infection by CMhm (P = 0.02 and 0.04, respectively). 
The data obtained demonstrated an occurrence of 25.8% for hemoplasma infection in felines coming 
from clinical care in the city of Cuiabá, where males were at higher risk of acquiring the infection by 
these agents, in addition to a higher risk for CMhm in felines with no specific breed.
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Resumo

O objetivo desta pesquisa foi investigar a ocorrência de Mycoplasma haemofelis (Mhf), ‘Candidatus 
Mycoplasma haemominutum’ (CMhm) e ‘Candidatus Mycoplasma turicensis’ (CMt)  em felinos 
atendidos no Hospital Veterinário da Universidade Federal de Mato Grosso e os fatores associados à 
positividade. Amostras de sangue de 151 felinos, dos distintos gêneros, raças e idades foram analisadas 
pela PCR e hemograma. A ocorrência geral de hemoplasmas foi de 25,8% e positividade para Mhf, 
CMhm e CMt foi observada em 15,2%, 14,6% e 2,6% felinos, respectivamente. Em 6.6% dos casos 
foi observado co-positividade. Apenas a variável sexo, macho (p=0,02), foi associada à positividade 
para hemoplasmas. Felinos sem raça definida foram associados à positividade para CMhm (p=0,04). 
Os dados obtidos demonstram prevalência de 25,8% para hemoplasmas em felinos provenientes de 
atendimento clínico do Hospital Veterinário da UFMT, onde os machos apresentaram maior risco de 
adquirir a infecção por estes agentes, além de maior risco para CMhm nos felinos sem definição racial.
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Hemotropic mycoplasmas, or hemoplasmas, 
comprise a group of bacteria that can induce 
hemolytic anemia. They have a wide geographic 
distribution and diversity of hosts, and are the 
etiological agents in some zoonotic diseases 
(BIONDO et al., 2009; STEER et al., 2011). 

In cats, Mycoplasma haemofelis (Mhf) is 
the most pathogenic species, while ‘Candidatus 
Mycoplasma haemominutum’ (CMhm) and 
‘Candidatus Mycoplasma turicensis’ (CMt) are 
less pathogenic (SYKES, 2010). The Candidatus 
designation reflects a provisional classification in 
the nomenclature, since its characterization is not 
possible by in vitro culture. Although Mycoplasma 
haemofelis is also not cultivable, its nomenclature 
is based on a preexisting species (Haemobartonella 
felis); thus, the denomination Candidatus not 
attributed to it (TASKER, 2010).

Infection with these species is considered 
opportunistic, and under immunosuppressive 
conditions can induce intense hemolytic anemia and 
death (BARKER; TASKER, 2013). However, in 
infected cats that do not have a predisposing factor, 
Mycoplasma, particularly Mycoplasma haemofelis, 
can be considered the primary pathogen (GRACE; 
NORSWORTHY, 2011).

Although the transmission mechanism is not 
yet fully understood, vector infection by the 
Ctenocephalides felis family flea, blood transfusion, 
and bites from infected felines have been identified 
as possible means of infection (WILLI et al., 
2007). Infected felines, depending on the agent 
involved, may be asymptomatic or present with 
pale mucous membranes, lethargy, anorexia, weight 
loss, depression, and fever (BRAGA et al., 2012). 
Hematologic changes, such as normochromic 
macrocytic anemia, can be observed, however 
the diagnosis is based on cytological examination 
obtained from blood smears and polymerase chain 
reaction (JENKINS et al., 2013). 

Regarding the worldwide distribution, the 
prevalence of hemoplasma infection in felines varies 

according to the region and population studied 
(AQUINO et al., 2014). In Brazil, studies show a 
prevalence of 6.5 % (BORTOLI et al., 2012) to 36.4 
% (SANTIS et al., 2014). Thus, it is important to 
study this disease and its associated factors, making 
possible an epidemiological study of the agents in 
the city of Cuiabá, state of Mato Grosso.

The felines studied in this research where under 
clinical care of a university veterinary hospital 
from September 2010 to September 2012, chosen 
randomly without distinction of age, sex, or breed. 
For the sample calculation, a prevalence of 12 % 
was calculated (MACIEIRA et al., 2007), at 95 % 
confidence interval and an acceptable error of 5 %, 
totaling 151 animals, considering the total feline 
population treated over the study duration was 2000 
cats. The inclusion criterion for the animals was 
the consent of the owner, to allow the collection of 
biological samples necessary for the development 
of the study. Blood samples were collected in 10 % 
Sodium Anticoagulant (EDTA) tubes by puncturing 
the cephalic or jugular vein. Biological samples for 
molecular testing were stored in microtubes at -20 
°C until the time of use. The information, breed, 
age, sex, and reason for the consultation were 
obtained from the medical record. Hematological 
analysis was performed on the pocH-100 iv Diff 
Automatic Hematology Analyzer (Roche), with 
anemia considered as a hematocrit value of < 24 % 
(JAIN, 1993). 

DNA extraction from the blood samples was 
performed using the phenol/chloroform method 
(SAMBROOK; RUSSELL, 2001). To verify 
the presence of PCR inhibitors in the DNA 
samples, the samples were tested for the GAPDH 
gene, with the oligonucleotides: GAPDHF 
(5’ -CCTTCATTGACCTCAACTACAT-3’ ) 
and GAPDHF 
(5’ -CCAAAGTTGTCATGGATGACC-3’) , 
according to Birkenheuer et al. (2003). DNA 
quantification was determined by absorbance 
with a NanoDrop ND-1000® spectrophotometer at 
wavelengths of 260 and 280nm (UV light), obtaining 
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an average of 77.7 ± 81.7. For the detection of Mhf 
and CMhm, synthetic oligonucleotides, based on the 
16S RNA region were used: OH-OK (Mhf-specific 
5’-ATGCCCCTCTGTGGGGGATAGCCG-3’), 
CA-B2 (CMhm-specific 
5’-CTGGGAAACTAGAGCTTCGCGAGC-3’), 
and 00CR-r1 (common to the two species, 
5’-ATGGTATTGCTCCATCAGACTTTCG-3’) 
which amplify a region of 273 and 202 bp 
respectively (WATANABE et al., 2003). PCR was 
performed in a final volume of 25 μl, with each 
reaction containing 10 ng DNA, 50 mM MgCl2, 10 
X Taq Buffer with 50 mM KCl, 1 mM dNTP, 20 
pmol of each oligonucleotide, and 1 U of Taq DNA 
polymerase (Fermentas®). PCR conditions were: 
initial denaturation for 4 minutes at 94 °C, 30 cycles 
of denaturation for 45 seconds at 94 °C, annealing 
for 45 seconds at 56.8 °C and extension for 45 
seconds at 72 °C, followed by a final extension cycle 
of 5 minutes at 72 °C in a thermocycler (MyCycler-
Biorad).

CMt detection was performed according to Peters 
et al. (2008), using the CMt-F oligonucleotides 
(5’-AGAGGCGAAGGCGAAAACT-1-3’) and 
CMt-R (5’-CTACAACGCCGAAACACAAA-3’), 
which amplify a region of 202 bp. PCR was 
composed of a final volume of 25 μl, using 10 ng of 
DNA, 1.5 U of Taq DNA polymerase (Fermentas®), 
50 mM MgCl2, 10 x Taq Buffer with 50 mM KCl, 
1 mM dNTP, and 20 pmol of each oligonucleotide. 
The reaction was also performed in thermal cycler 
(MyCycler-Biorad®), with initial denaturation for 
4 minutes at 94 °C, 35 cycles of 10 seconds for 
denaturation at 95 °C, 30 seconds annealing at 58 
°C and 30 seconds extension at 72 °C, followed 
by a final extension cycle for 5 minutes at 72 °C. 
Amplification products were analyzed by gelRed 
(Biotium®) stained gel electrophoresis and observed 
on ChemiDoc™ XRS using Image Lab™ Software 
and a 100 bp molecular mass marker of Ladder™ 
DNA (Fermentas®). 

The data were statistically analyzed by chi-
square or Fisher’s exact tests, using EpiInfo 3.3.2 

(CDC, Atlanta, USA), to verify the association 
between the independent variables and infection by 
Mhf, CMhm, and CMt, with p ≤ 0.05 considered as 
significant.

Of the 151 felines evaluated, 39 (25.8 % [CI 
19.2-32.8]) were positive in the PCR assays for 
hemoplasma. Positivity for Mhf, CMhm, and CMt 
was observed in 23 (15.2 % [CI 9.3-21.2]), 22 (14.6 
% [CI 9.3-20.5]) and 4 (2.6 % [CI 0.7-5.3]) cats, 
respectively. Co-positivity was observed in 10 (6.6 
% [CI 3.3-10.6]) cats, nine (90%) of which were co-
positive for Mhf and Mhm, and only one (10 %) for 
Mhf and CMt. Cases of co-positivity were detected 
only in male cats.

Male cats had twice the chance (p = 0.02) of 
being positive for hemoplasma (OR 2.68 [1.21-
6.27]) (Table 1). In the analysis of the factors 
associated to each species, the sex variable also 
presented a significant difference in positivity for 
Mhf (p = 0.01) and Mhm (p = 0.02), with a risk four 
(OR 4.15 [1.41-14.96]) and three (OR 3.88 [1.30-
14.03]) times greater for the male felines being 
positive, respectively. Regarding the influence 
of breed, non-defined felines did not present a 
statistically significant difference for hemoplasma 
infection (p = 0.2), but in the analysis for each 
hemoplasma, the non-defined felines had a higher 
chance (OR 3.04 [1.02-8.56]) of positivity for 
CMhm (p = 0.04). Anemia was observed in 23 (15.2 
%) of the felines surveyed, of which only five (12.8 
%) were positive for hemoplasma, and of these, two 
presented positivity for Mhf, one for Mhm, and two 
co-positivity for Mhf and Mhm.

The prevalence of hemoplasmas in felines 
has already been described in several regions of 
Brazil. In this study, the prevalence of 25.8 % for 
hemoplasmas was lower than that obtained by 
SANTIS et al. (2014) and André et al. (2014) in 
Mato Grosso do Sul and São Paulo, respectively, 
but higher than those obtained in other Brazilian 
regions (BRAGA et al., 2012; AQUINO et al., 
2014) and other countries (GHAZISAEEDI et al., 
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2014; DUARTE et al., 2015). According to Aquino 
et al. (2014), the difference in prevalence may arise 
from the study population. In this research, a high 
prevalence of felines originated from veterinary 

hospitals, in contrast to the prevalence of 8.4% in 
cats predominantly from animal pound observed by 
Miceli et al. (2013) in the same municipality.

Table 1. Prevalence of Mycoplasma haemofelis, ‘Candidatus Mycoplasma haemominutum’ and ‘Candidatus 
Mycoplasma turicensis’ infection in Cuiabá felines, Mato Grosso and factors associated with hemoplasma infection.

Variables
Positive felines

Total (+/%) P OR (IC 95%)
Mhf* CMhm* CMt*

Gender
    Male 19 18 02 87 (39/44.8)

0.02 2.68               
(1.21-6.27)    Female 04 04 02 64 (10/15.6)

    Breed
    SRD** 17 15 04 127 (36/28.4)

0.2 -----
    CRD** 06 07 00 24 (13/54.2)
Age groups 
    < 1 year 07 06 02 59 (14/23.7)

0.3 -----
    1-4 years 07 07 01 40 (15/37.5)
    4-8 years 05 07 01 24 (13/54.2)
    > 8 years 02 02 00 13 (04/23.1)
    Indefinite age 02 00 00 15 (02/13.3)

*Mhf - Mycoplasma haemofelis; CMhm - ‘Candidatus Mycoplasma haemominutum’; ‘Candidatus Mycoplasma turicensis’
**SRD - Without defined Race; **CRD - With defined Race.

The occurrence of the infection by the different 
species may also reflect the population studied. The 
highest occurrence of Mhf infection was similar 
to that obtained by Ghazisaeedi et al. (2014) who 
investigated cats coming from clinical care, a fact 
that may be justified by the greater pathogenicity of 
this agent. However, CMhm has also been the most 
prevalent species in feline hemoplasma studies, 
independent of the population studied (JENKINS 
et al., 2013; SANTIS et al., 2014; SPADA et al., 
2014), and this agent was the second-most prevalent 
in this study, but it was the most frequently found by 
Miceli et al. (2013). 

Co-positivity for the different species of 
hemoplasma has been described in felines, mainly 
among the most prevalent species in the region, 

and tends to prevail in male felines (SANTOS et 
al., 2014; DUARTE et al., 2015), as also found in 
this study. Male felines may be at increased risk for 
hemoplasma infection due to frequent fights over 
territory disputes and females in estrus (JENKINS 
et al., 2013; RAIMUNDO et al., 2016). Although 
the association of Mhm infection with anemia has 
already been described in other studies (SANTOS 
et al., 2014), in this study no association with 
anemia was observed by any of the investigated 
agents, although the feline population came from a 
veterinary hospital similar to the studies of Aquino 
et al. (2014), Spada et al. (2014), and Vergara et al. 
(2016). 

The results of this study demonstrated the 
efficacy of the molecular method for the detection 
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of hemoglobin in the laboratory. Oligonucleotides 
designed by Watanabe et al. (2003) and Peters et 
al. (2008) had a high percentage of homology (up 
to 98 %) with the genomes of the ribosomal gene 
of the different species. Despite the gene similarity 
between these organisms, about 83% (HARVEY, 
2006) between Mhf and CMhm, the non-specificity 
between reactions would be very low. Although 
the PCR technique is sensitive and specific, it still 
does not replace the power of sequencing detection. 
However, for this technique, longer amplification 
products covering a larger region of the 16SRNA 
gene (1 kb) would be required, which was not 
possible with the oligonucleotides used in the 
experiment. Several oligonucleotides have been 
used for the detection of hemoplasma in felines, 
however there are no in-depth studies comparing 
their specificity levels and sensitivity.

The data obtained demonstrated a prevalence of 
25.8% for hemoplasma infection in felines coming 
from clinical care in the city of Cuiabá, where males 
presented a higher risk of infection by these agents, 
as well as a higher risk for CMhm in felines no 
specific breed. 
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