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Abstract

This study aimed to detect Mycoplasma spp. in naturally infected cats from Rio de Janeiro and to evaluate hematological
abnormalities and factors associated with this infection. Out of the 197 cats sampled, 11.2% presented structures compatible
with hemoplasma organisms on blood smears. In contrast, 22.8% were positive for Mycoplasma spp. by means of 16S rRNA
gene real-time polymerase chain reaction, which reflects the weak concordance between techniques. The infection rates, by
means of 16S rRNA gene conventional polymerase chain reaction, was 4.6%, 4.6% and 11.7% for Mycoplasma haemofelis
(Mh), ‘Candidatus Mycoplasma turicensis’ (CMt) and ‘Candidarus Mycoplasma haemominutum’ (CMhm), respectively.
Mhf and CMhm infections are more frequent in the summer (p>0.05). Presence of anemia (p < 0.02), lymphocytosis
(p < 0.03), thrombocytopenia (p < 0.04) and activated monocytes (p < 0.04) was associated with Mhf infection. No
hematological abnormality was associated with CMt or CMhm infection. Male cats were more prone to be infected by
Mhf or CMhm (p < 0.01). Adult cats had more chance to be infected by CMhm. Three hemoplasma species occur in the
metropolitan region of Rio de Janeiro and Mhf seems to be the most pathogenic of them. Anemia is the most important
hematological abnormality.

Keywords: Mycoplasma spp., real-time PCR, hematology, associated factors.

Resumo

Este estudo teve por objetivo detectar Mycoplasma spp. em gatos naturalmente infectados do Rio de Janeiro e avaliar as
alteragoes hematoldgicas e fatores associados a infecgdo. Dos 197 gatos amostrados, 11,2% apresentaram estruturas compativeis
com hemoplasmas em esfregacos de sangue. Em contraste, 22,8% foram positivas para Mycoplasma spp. por meio da reacio
em cadeia da polimerase em tempo real (QPCR), baseado no gene 16S rRNA, o que reflete a fraca concordincia entre as
técnicas. As taxas de infecgdo, por meio da reagio em cadeia da polimerase convencional baseada no gene 16S rRNA, foi
de 4,6%, 4,6% e 11,7% para Mycoplasma haemofelis (Mhf), ‘Candidatus Mycoplasma turicensis (CMt) e ‘Candidatus
Mycoplasma haemominutum’ (CMhm), respectivamente. Infeccio por Mhf e CMhm foram mais frequentes no verio
(p> 0,05). Anemia (p<0,02), linfocitose (p<0,03), trombocitopenia (p<0,04), e presenca de mondcitos ativados (p<0,04)
foram associados a infecgio por Mhf. Nenhuma alteracio hematoldgica foi associada a infecciao por CMt ou CMhm. Gatos
machos estio mais propensos a infec¢io por Mhf ou CMhm (p<0,01). Gatos adultos tém maiores chances de se infectarem
por CMhm. H4 ocorréncia de trés espécies de hemoplasmas na Regido Metropolitana do Rio de Janeiro e Mhf parece ser
o mais patogénico, tendo a anemia como principal alteracio hematoldgica.

Palavras-chave: Mycoplasma spp., PCR em tempo real, hematologia, fatores associados.
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Introduction

Hemotropic mycoplasmas are obligate Gram-negative bacteria
that infect the surface of red blood cells (TASKER, 2010). These
microorganisms infect a wide range of hosts including cats,
dogs, pigs and humans (WENGI et al., 2008; HU et al., 2009;
SYKES, 2010; MAGGI et al., 2013). Mycoplasma haemofelis,
‘Candidatus Mycoplasma haemominutum’ and/or ‘Candidatus
Mycoplasma turicensis’ infection are important causes of anemia
in cats. These bacteria can be transmitted between cats through
blood transfusions, vertical transmission, social interactions via
fighting and cat flea bites (Crenocephalides felis). Infected cats can
demonstrate mild to severe anemia or even be asymptomatic.
The clinical signs and laboratory abnormalities of hemoplasmosis
are variable. The clinical signs that are most often exhibited include
mucosal pallor, lethargy, dehydration, inappetence, weight loss,
weakness, tachypnea, tachycardia and occasionally pyrexia and
jaundice. Regenerative anemia with anisocytosis, polychromasia,
reticulocytosis and Howell-Jolly bodies are the hematological
changes most commonly observed in infected cats (TASKER,
2010). There are two possible mechanisms for occurrences of
anemia: direct damage to the erythrocyte membrane by the
organism; or immune mediation, thus resulting in declining
numbers of red blood cells due to hemolysis (VILLIERS, 2005;
TASKER, 2010). Feline hemoplasma infection has been often
associated with male cats with outdoor access and adults cats
(SYKES, 2010; TASKER, 2010)

Although blood smear analysis is commonly used for diagnosing
hemoplasmas in cats, use of molecular assays as an alternative
diagnostic tool has increased the sensitivity of pathogen detection
in different cat populations. Their high sensitivity and specificity
have made it possible to differentiate Mycoplasma species and
to detect them in asymptomatic cats (SYKES, 2010; TASKER,
2006). The real-time polymerase chain reaction (PCR) test has
been applied for this purpose because of its higher sensitivity
for screening apparent healthy cats, for them to become blood
donors and to be introduced into pathogen-free colonies, so as to
quantify bacterial DNA in biological samples and hence monitor
the response to treatment (BRADDOCK et al., 2004; TASKER,
2010; MARTINEZ-DIAZ et al., 2013).

The aims of the present study were to use molecular techniques
to detect hemoplasma infection in cats in the metropolitan region
of Rio de Janeiro, and to establish the correlation between this
infection and hematological data and associated factors. In addition,
this work also intended to compare cytological and molecular
methods used to identify Mycoplasma spp. and to determine
influence of season on hemoplasmas infection in cats.

Materials and Methods

Sampled animals and data

The study was conducted in the metropolitan region of the state
of Rio de Janeiro, Brazil, including the municipalities of Belford Roxo
(22045517 S; 43° 23’ 58” W), Duque de Caxias (22° 47° 08” S;
430 18 42” W), Mesquita (22°46’59” S; 43°25°56” W), Nova

Braz. J. Vet. Parasitol.

Iguagu (220457 337 S; 43° 27° 04” W), Rio de Janeiro (22°54°10”
S;43°12°27” W) and Sio Jodo de Meriti (22°48°14” S; 43°22°20”
W) (Figure 1). One hundred and ninety-seven cats that were
attended at veterinary clinics between October 2011 and March
2013 were selected as a non-probability convenience sample,
regardless of gender, breed or age. Blood samples were obtained
aseptically by means of cephalic phlebotomy and were transferred
into sterile tubes containing EDTA as anticoagulant. Data on
the animals such as age (< 6 months Vs. > 6 months), gender
(male Vs. female) and breed (mixed breed Vs. pure breed) were
recorded in order to assess potential risk factors for hemoplasma
infection. The samples were separated into seasons (summer,
winter, fall and spring) according to their collection date. The
procedures applied in this study had previously been approved by
our university’s ethics committee for animal use, under protocol
number 23083.004088/2013-94.

Hematological analysis

Complete blood counts were carried out using a fully automated
analyzer (Poch-100 iV; Roche, USA), in accordance with the
manufacturer’s reccommendations. The hematological parameters
obtained included total erythrocyte, leukocyte and platelet counts,
hemoglobin concentration, packed cell volume, mean corpuscular
volume and mean corpuscular hemoglobin concentration. Differential
leukocyte counts and hemoplasma cytological diagnosis were
performed manually on Diff Quick-stained (Laborclin, Brazil) thin
blood films, using an optical microscope, with immersion objective
lens magnification of 1000x (JAIN, 1993). Total plasma protein
concentration was determined using a refractometry technique.
After the hematological tests, the blood samples were stored at
-20°C until molecular analysis was performed.

Molecular assays

DNA extraction from 200 pL of whole blood was performed
using a Relia Prep™ Blood gDNA Miniprep System kit (Promega,
Wisconsin, USA) and was eluted with 100 pL of elution buffer, in
accordance with to the manufacturer’s instructions. Concentration and
purity were determined using a NanoDrop 2000 spectrophotometer
(Thermo Scientific, USA). For monitoring contaminant DNA
during the process of DNA extraction, sterilized ultrapure water
was used as a negative control.

Initially, DNA samples were screened for the 16S rRNA
gene of Mycoplasma spp., using primers previously described
(KEWISH etal., 2004), by means of real-time PCR assays (Table 1).
The reactions were performed using the StepOnePlus™ real-time
PCR system thermocycler (Applied Biosystems, California, USA)
with the following specifications: 1X Power SYBR® Green PCR
Master Mix (Applied Biosystems, California, USA), 0.625 uM
of each primer and 3 pL of DNA template in a total volume of
12 pL. The protocol consisted of subjection to 95°C for 10 min,
followed by 40 cycles of 95°C for 20 s and 60°C for 1 min.
A dissociation curve was obtained to verify the amplification
specificity (95°C/20 s — 60°C/70 s — 95°C/15 s). In order to

differentiate Mycoplasma species, positive samples were subjected to
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Figure 1. Geographical distribution of the sampled animal in Metropolitan area of Rio de Janeiro Brazil.

Table 1. Summary information on the different PCR primer sets

used in the study.

Real-time PCR
Primer

Sequence (5’-3’) Tm

ﬁ”“”l’éﬂ"m“ PP ACGAAAGTCTGATGGAGCAATA S
M§§ZZR ACGCCCAATAAATCCGRATAAT :

Conventional
PCR Primers

Sequence (5’-3’) bp

1;[4;‘{ q GACT TTGGTTTCGGCCAAGG .
ol CGAAGTACTATCATAATTATCCCTC

Hfelis-r3

gl\fh;'l‘ GCATAATGTGTCGCAATC 192
o GTTTCAACTAGTACTTTCTCCC

Cali-R1

CMt

NE GTATCCTCCATCAGACAGAA o0

Moo B CGCTCCATATTTAATTCCAA

conventional PCR using specific primers (Table 1) and conditions
that had previously been described for M. haemofelis BERENT etal.,
1998), ‘Candidatus M. haemominutum’ (FOLEY et al., 1998)
and ‘Candidarus M. turicensis’ (SANTOS et al., 2009). Following
amplification, the reaction products were subjected to electrophoresis
on 1.5% agarose gel and were stained with ethidium bromide.

The presence of DNA fragments was verified under an ultraviolet

transilluminator (L-PIX Touch; Loccus Biotecnologia, Cotia, Sao
Paulo, Brazil). In order to prevent PCR contamination, DNA
extraction, reaction setup, PCR amplification and electrophoresis
were performed in separated rooms.

Genomic blood DNA from naturally infected Mhf, CMhm and
CM:t cats used as positive control in all the PCR runs were provided
by Dr. Rosangela Zacarias Machado, of the Immunoparasitology
Laboratory, Department of Veterinary Pathology, UNESP,
Jaboticabal. All PCR runs were performed with nuclease-free
water (Invitrogen, USA) as negative control.

The analytical sensitivity and efficiency of qPCR was evaluated
by using serial decimal dilutions of the qPCR target produced
from the amplification of a region of 16S rRNA gene with the
primers HBT-F and HBT-R (CRIADO-FORNELIO etal., 2003).
DNA concentration was verified using the Qubit® Fluorometer.
The copy number of 16S rRNA gene fragment versus Cq values
were plotted to determine the analytical sensitivity of the qPCR.
The linear regression, along with the determination coefficient
(R?) formed after determination of each point of the curve, can
be used to evaluate whether the qPCR assay has been optimized.
Each reaction’s efficiency was determined considering the slope of
standard curve using the following formula: [Efficiency = 1009 — 1]

Statistical analysis

Positivity for Mycoplasma haemofelis,  Candidatus Mycoplasma
haemominutum’ and ‘Candidatus Mycoplasma turicensis’ was
correlated with associated factors and season, using the chi-square
test and Fisher’s exact test at the 5% significance level. Additionally,
frequencies of hematological abnormalities as anemia (PCV <24%;
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hemoglobin <8.0 g/dL and erythrocytes <5.0x10° cells/pl),
thrombocytopenia (platelets count <300x10%cells/pl), lymphocytosis
(lymphocytes count >7.0x10° cells/pl), monocytosis (monocytes
count > 0.85x10° cells/pl) and, activated monocytes were correlated
with Mhf positivity. The results were compared to reference
intervals established by Jain (1993).

The agreement between cytological diagnosis and real-time
PCR regarding hemoplasma diagnoses was evaluated by means
of the kappa test. Hematological analyses were evaluated through
the Lilliefors normality test, followed by analysis of variance
(ANOVA) or the Mann-Whitney test at the 5% significance level.
All of these statistical tests were performed using the Bioestat
5.0 statistical software.

Results

The detection limit of the qPCR was 10 copies of Mycoplasma sp
16S rRNA gene. The determination coeflicient (R?) of the six
dilutions tested in the standard curve was 99%, with Cq ranging
from 22.31 + 0.13 cycles in the first dilution (I1x10° copies of
168 rRNA gene) to 39.47 +0.27 cycles in the last dilution (10 copies
of 16S rRNA gene). The reaction’s efficiency was 96.47%.

Out of the 197 cats sampled, 22 (11.2%) presented structures
compatible with hemoplasma organisms on blood smears. On the
other hand, 45 (22.8%) were positive for Mycoplasma spp. by
means of 16S rRNA gene real-time PCR. The frequency of
hemoplasma species was 4.6% (9/197) for Mycoplasma haemofelis
and ‘Candidatus Mycoplasma turicensis’ and 11.7% (23/197)
for ‘Candidatus Mycoplasma haemominutum’. Two cats (1%)
were positive for both CMhm and Mhf whereas coinfection of
CMhm/CMt, CMt/Mhf and CMhm/CMt/Mhf was observed
in only one cat each (0.5%). Comparing the blood smear and
real-time PCR diagnostic tools, only seven animals were positive
through both techniques, which corresponded to a positivity rate
of 15.6% in the molecular assay. Using the kappa statistical test,
the degree of agreement was 0.07.

The numbers of cats sampled per season were 39 in the
summer, 18 in the winter, 104 in the spring and 36 in the fall.
The frequency of hemoplasma occurrence was seen to vary between

20

—o—CMhm

/\ —&—Mhf

17.92 CMt
13.9°

10.6*

p—
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[—]
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Figure 2. Distribution of Mycoplasma haemofelis (Mhf) ‘Candidarus
Mycoplasma haemominutum’ (CMhm) and ‘Candidatus Mycoplasma
turicensis’ (CMt) positivity during seasons. Same letters means there
was no difference by Fisher’s exact test at 5% significance.
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the seasons. During the summer, there was higher occurrence
of M. haemofelis (7.7%) and ‘Candidatus M. haemominutum’
(17.9%) (p > 0.05). This pattern of occurrence was not observed
for ‘Candidarus M. turicensis’ (Figure 2).

Regarding hematological findings, most of the cats that were
positive for M. haemofelis were anemic (6/9). Lymphocytosis
(p < 0.03), thrombocytopenia (p < 0.04) and presence of activated
monocytes in blood smears (p < 0.04) were statistically associated
with Mhf positivity (Table 2 and 3). On the other hand, no
hematological changes were shown by CMhm and CMt-positive
cats (p > 0.05) (Table 2).

With regard to associated factors, male cats were more likely to
be positive for Mhf and CMhm than were female cats (p < 0.01).
However, taking into account CMt positivity, male and female cats
showed similar chances of being positive. There was no statistical
correlation for age or breed (Table 4).

Discussion

In this study, we investigated hematological disorders resulting
from infection by hemoplasma species in cats that were attended
at veterinary clinics in Rio de Janeiro. Over recent years, the cat
population has shown a marked increase because of the ease of
handling cats, with regard to cost and space requirements. Thus,
studies investigating diseases that affect cats and the risk of
transmission of pathogens to humans are necessary.

The concordance (k = 0.07) observed between real time
PCR frequencies (22.8%) and cytological diagnosis (11.2%) was
considered low (ROSNER, 2006). A previous survey conducted in
Sao Paulo, Brazil, also demonstrated a distinction between these
techniques when used for diagnosing hemotropic mycoplasmas
in cats (HORA, 2008). Until recently, diagnoses of hemoplasma
infection were commonly based on cytological identification
of organisms on the surface of red blood cells. However, the
specificity and sensitivity of this method for hemoplasma detection
is low, with the possibility of false positive and negative results
(HARVEY, 2006; WILLI et al., 2007; SYKES, 2010). Because
of the many limitations of this technique, PCR has become the
preferred test for making diagnoses of hemoplasma, mainly based
on hemoplasma detection in the asymptomatic cat population
(SYKES, 2010; TASKER, 2010; BARKER & TASKER, 2013).

The frequency of feline hemoplasma species found was similar
to that found in client-owned cats, blood donor cats and unhealthy
non-anemic cats (GENTILINI et al., 2009; MAHER et al., 2010;
SANTOS etal., 2014; DUARTE etal., 2015). However, higher or
lower rates of hemoplasma infection have been reported, depending
on the diagnostic technique, geographical location and population
studied. ‘Candidatus M. haemominutum’ (11.7%) was the species
most commonly detected in the cats of this study and in other studies
(LAPPIN etal., 2006; GENTILINI et al., 2009; SANTOS etal.,
2014). However, Mycoplasma species predominance can vary
depending on the degree of pathogenicity among them as well as
differences in the cat populations studied. For instance, M. haemofelis
has been the hemoplasma species most commonly observed in
anemic or sick cat populations (CRIADO-FORNELIO et al.,
2003; KEWISH et al., 2004; WILLI et al., 2006; HORA,
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Table 3. Hematological results for Mycoplasma haemofelis from
197 domestic cats attended at veterinary clinics in Rio de Janeiro Brazil.

Mycoplasma
. haemofelis n(%)
Hematological change Tositive Negative p-value
(n=9) (n=188)
Anemia Yes 6 (16.2)* 31 (83.8) 0.0017
(RBC Ht Hg) No 3(1.9% 157 (98.1) )
Yes 8 (7.8)* 95 (92.2)
Th i .
rombocytopenia No 1L 93 (98.9) 0.0365
Yes 4 (14.8)* 23 (85.2)
L h i 0.0220
YmpROYIoslS  No 529 165 (97.1)
X Yes 5 (6.0)* 79 (94.0)
M .
onocyrosis No  4Gs¢ 1090965 00
Yes 5(11.1) 40 (88.9)
MAM No 4260 148 (97.4) 0306

Same letters in the same column did not differ by Fisher’s exact test at 5%
significance. RBC: Red blood cell count; Ht: Hematocrit; Hg: hemoglobin;
MCV: Mean corpuscular volume; MCHC: Mean corpuscular hemoglobin
concentration; MAM: activated monocytes.

2008). Double and triple copositivity was noted in our study.
Occurrences of concurrent infection with two or more hemoplasma
species are not common in the literature, such that this has only
been found in a low percentage of cats or has even been absent
(MACIFEIRA et al., 2008; ARAGAO-DE-SOUSA et al., 2013;
SPADA et al., 2014). The present study provided the first report
of triple coinfection in a cat in Rio de Janeiro and, interestingly,
this cat did not show any hematological abnormality. This finding
emphasizes the importance of asymptomatic and chronic carriers
in maintaining bacterial circulation.

Regarding seasonal influence, the highest numbers of
M. haemofelis and ‘Candidarus M. haemominutum’ PCR-positive
cats were reported in the summer. On the other hand, ‘Candidatus
M. turicensis’ showed peak infection during the winter. Although
Mhf (7.7%) and CMhm (17.9%) infections occurred more
frequently during summer months, hemoplasma infections seem
to be uniformly distributed throughout the year. In our point
of view, this infection pattern probably results from the active
season for fleas in Rio de Janeiro, where the temperatures remain
moderate throughout the year.

Epidemiological studies on the seasonal distribution of Mycoplasma
spp. are scarce. In a recent study in Italy, no correlation between
hemoplasma infection rate and season was also demonstrated,
but higher frequency of hemoplasmas was observed in the
spring (SPADA et al., 2014). On the other hand, another author
found higher prevalence in the summer than in the fall in Italy
(GENTILINTI et al., 2009), what is in accordance to the hypothesis
that hemoplasmas can be transmitted to cats by arthropod vectors.
The flea Ctenocephalides felis is the main ectoparasite incriminated
in transmission of hemotropic hemoplasmas among cats worldwide,
especially because it is the ectoparasite most commonly found
parasitizing these animals (SHAW et al., 2004; LAPPIN et al,,

Braz. J. Vet. Parasitol.

2006; MENDES-DE-ALMEIDA et al., 2007). DNA samples of
‘Candidatus M. haemominutury’, M. haemofelis and ‘Candidatus
M. turicensis” have been found in fleas and their feces (SHAW et al.,
2004; WOODS etal., 2005; LAPPIN etal., 2006; HORNOK et al.,
2010; ASSARASAKORN et al., 2012). Mhf and CMhm DNA
was also found in ticks (FYUMAGWA et al., 2008). However,
transmission via blood-feeding arthropods in these hosts is not yet
fully proven and elucidated (WOODS etal., 2005; WILLI et al.,
2007; TASKER, 2010).

Regarding hematological abnormalities, anemia was observed
in 66.7% of the M. haemofelis PCR-positive cats, which is a
common finding in hemoplasma infection, especially in cases with
M. haemofelis (HARVEY, 2006). An association between anemia
and M. haemofelis infection has also been observed in previous
studies, which corroborates our results (KEWISH et al., 2004;
HORA, 2008; LOBETTI & LAPPIN, 2012). M. haemofelis
has also been incriminated as the most prevalent hemoplasma
species in cats with clinical suspicion of feline mycoplasmosis
(CRIADO-FORNELIO etal., 2003). These observations demonstrate
the pathogenic potential of this particular hemoplasma. On the
other hand, other studies have not reported any correlation between
anemia and infection by this hemoplasma species (WILLI et al.,
2006; MACIEIRA et al., 2008).

Although it has been reported that abnormal leukocyte and
platelet counts are not consistent with hemoplasma infections
(BRADDOCK et al., 2004; SYKES, 2010), presence of
lymphocytosis, thrombocytopenia and activated monocytes were
statistically related to infection by M. haemofelis in the present
study. The association between thrombocytopenia and positivity
for this hemoplasma species has already been demonstrated
(HORA, 2008; LOBETTI & LAPPIN, 2012). However, no
such change was observed in any of the blood counts performed
over a 30-day period of monitoring that was conducted on cats
naturally infected by M. haemofelis  BRADDOCK et al., 2004).
Although monocytosis was frequently observed among Mhf positive
cats, it was not statistically associated with infection, in contrast
to the observations of Vergara et al. (2016). On the other hand,
activated monocytes were observed frequently in blood smears
and were consistently associated with Mhf positivity in our study.
It has been reported that the presence of activated monocytes,
monocytosis, and erythrophagocytosis are common in the acute
phase of infection (HARVEY, 20006)

Cats parasitized only by ‘Candidatus M. haemominutum’ or
‘Candidatus M. turicensis’ presented mild to moderate anemia,
with hematocrit ranging from 16% to 21%. Severe anemia
(hematocrit < 13%) was only observed in cats showing copositivity
for both M. haemofelis and ‘Candidatus M. haemominutum’.
Normocytic normochromic non-regenerative anemia was found
in cats that were positive for these hemoplasma species. However,
no hematological alteration, including anemia, was associated
with positivity for ‘Candidatus M. haemominutum’ alone or for
‘Candidatus M. turicensis’. This, in association with the laboratory
findings regarding infection by M. haemofelis confirmed the distinct
pathogenicity of the hemotropic mycoplasma species described
in the literature, in which ‘Candidatus M. haemominutum’ and
‘Candidatus M. turicensis’ are considered to be less pathogenic
species (FOLEY et al., 1998; HARVEY, 2006; TASKER, 2010;
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Table 4. Statistical analysis of factors associated with Mycoplasma haemofelis * Candidatus Mycoplasma haemominutum’ and ‘Candidatus
Mycoplasma turicensis’ positivity in domestic cats attended at veterinary clinics in Rio de Janeiro Brazil.

Cats (n) Positive cats n/(%) p-valor Odds Ratio 95% CI
M. haemofelis
Age
< 6 months 29 0 (0.0)* -
> 6 months 168 9 (5.4) 0.3613 - -
Gender
Female 108 0 (0.0)* -
Male 89 9 (10.1)® 0.0006 - -
Breed
Mixed breed 173 7 (4.0)* 1
Pure breed 24 2 (8.3)° 0.2997 2.15 0.42-11.04
Season
Winter 18 1(5.6)* 0.4665 1.98 0.19-20.17
Spring 104 3 (2.9 1 -
Summer 39 3(7.7)" 0.3451 2.08 0.54-14.53
Fall 36 2 (5.6)° 0.6021 1.98 0.31-12.35
‘C.M. haemominutum’
Age
< 6 months 29 1(3.4)® 1
> 6 months 168 22 (13.1)* 0.2097 4.22 0.55-35.6
Gender
Female 108 6 (5.6)* 1
Male 89 17 (19.1)® 0.0065 4.01 1.51-10.68
Breed
Mixed breed 173 19 (11.0)* 1
Pure breed 24 4 (16.7)* 0.4930 1.62 0.50-5.25
Season
Winter 18 0 (0.0)* -
Spring 104 11 (10.6)* 0.2159 1
Summer 39 7 (17.9)2 0.0850 1.84 0.66-5.17
Fall 36 5(13.9) 0.1567 1.36 0.44-4.23
‘C. M. turicensis’
Age
< 6 months 29 2 (6.9) 1.70
> 6 months 168 6 (4.2) 0.6192 1 0.34-8.64
Gender
Female 108 3(2.8)° 1
Male 89 6 (6.7)* 0.3041 2.53 0.61-10.42
Breed
Mixed breed 173 8 (4.6)* 1.13
Pure breed 24 1(4.2)% 1.0000 1 0.13-9.33
Season
Winter 18 1(5.6)* 1.000 2.05 -
Spring 104 5 (4.8)" 1.000 1.76 0.20-15.66
Summer 39 2 (5.1)¢ 1.000 1.89 -
Fall 36 1(2.8)® 1

Same letters in the same column did not differ by Fisher’s exact at 5% significance.

ARAGAO-DE-SOUSA et al., 2013), such that infection with Regarding associated factors, positivity for M. haemofelis and
these species separately is not often associated with significant ‘Candidatus M. haemominutum’ was considerably higher among
anemia. It is believed that cofactors such as retroviruses, male cats, and only male cats were positive for M. haemofelis.
coinfection by hemoplasmas and concomitant diseases could be Additionally, ‘Candidatus M. haemominutum’-positive cats were
involved in development and aggravation of the clinical signs shown to be four times more likely to become infected than females.

(WILLI et al., 2006; MACIEIRA et al., 2008; TASKER, 2010; On the other hand, positivity for ‘Candidatus M. turicensis’ did
MARTINEZ-DIAZ et al., 2013). not show any association with gender, even though males presented
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twice as much chance of infection as females. These observations
can be explained by the males’” behavior, such as outdoor access,
especially among those that were not neutered, which might
predispose them towards greater exposure to arthropod vectors and
fights, thus resulting in a higher likelihood of infection (HARRUS
& BANETH, 2005; VERGARA et al., 2016). Adults and young
cats as well as mixed breed and pure breed cats had similar change
of becoming infected.. Although adult cats had four times more
chance than younger ones of becoming infected by CMhm,
this variable was not statistically significant. Corroborating our
results, Hora (2008) did not observed association between age
or breed with hemoplasma infection. On the other hand, several
studies have reported that older cats are more likely to be infected
with hemoplasmas (WILLI et al., 2006; SANTOS et al., 2014;
VERGARA et al., 2016).

This study shows that three hemotropic mycoplasma species
occur in the metropolitan region of Rio de Janeiro and that
‘Candidatus Mycoplasma haemominutum’ is the most common
agent infecting this cat population. In addition, CMt was reported
for the first time in cats from Rio de Janeiro. The hematological
data indicates that Mycoplasma haemofelis is a relevance agent
among cats population as it represents an important cause of
anemia and other hematological changes.
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