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RESUMO.- [Infecção por hemoplasmas em carnívoros 
selvagens cativos.] Hemoplasmas são bactérias capazes de 
aderir frouxamente à membrana plasmática de eritrócitos 
e que podem parasitar diversas espécies de mamíferos. São 
conhecidas três espécies de hemoplasmas que parasitam felídeos 
domésticos e selvagens: Mycoplasma haemofelis, ‘Candidatus 
Mycoplasma haemominutum’ and ‘Candidatus Mycoplasma 

turicensis’. Cães são infectados por ao menos duas espécies 
de hemoplasmas: Candidatus Mycoplasma haematoparvum’ 
and Mycoplasma haemocanis. As hemoplasmoses são de 
grande importância na clínica veterinária, tanto pela sua 
distribuição ubíqua e severidade dos sinais clínicos, a depender 
da espécie do parasita e imunocompetência do hospedeiro, 
quanto pelo seu potencial zoonótico e capacidade de infectar 
espécies ameaçadas. Este estudo visa investigar quais 
espécies de hemoplasmas parasitam diferentes carnívoros 
selvagens de cativeiro, a fim de esclarecer a epidemiologia 
das hemoplasmoses em animais selvagens. Além disso, o 
trabalho objetivou caracterizar as alterações hematológicas 
causadas pela infecção por diferentes espécies de micoplasmas 
hemotrópicos visando estabelecer sua importância clínica 
para espécies selvagens e a capacidade destas espécies de 
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se tornar reservatórios dos agentes estudados. Amostras 
de 33 felídeos selvagens e de 18 canídeos selvagens foram 
investigadas por meio da reação em cadeia da polimerase 
(RCP) para detectar o DNA dos agentes e foi observado que a 
ocorrência da infecção por hemoplasmas nestas espécies é de 
45,5% e 83,3%, respectivamente. Fatores como idade, sexo ou 
anemia não são mais frequentes em animais positivos para a 
infecção. Dessa forma, conclui-se que a infecção causada por 
hemoplasmas em carnívoros selvagens possui alta prevalência, 
no entanto ou a patogenicidade dos agentes é baixa ou o 
estágio crônico da infecção é mais frequente, resultando em 
uma baixa frequência diagnóstica.

TERMOS DE INDEXAÇÃO: Infecção, hemoplasma, carnívoros, 
selvagens cativos, micoplasmas hemotrópicos, hemoparasitas, anemia, 
diagnóstico, reação da polimerase em cadeia, animais selvagens. 

INTRODUCTION
Hemoplasmas, or hemotropic mycoplasmas are important 
causative agents of infectious anaemia. which have been 
found in all continents, except Antarctica, leading to the 
belief that its distribution is linked to urbanization. However, 
the epidemiology and transmission of these agents remains 
somewhat obscure (Tasker et al. 2003, Biondo et al. 2009).

There are three known species of hemoplasmas that parasitize 
domestic and wild cats: Mycoplasma haemofelis, ‘Candidatus 
Mycoplasma haemominutum’ and ‘Candidatus Mycoplasma 
turicensis’. It is known that Mycoplasma haemofelis induces 
anemia in immunocompetent hosts, whereas ‘Candidatus 
Mycoplasma haemominutum’ and ‘Candidatus Mycoplasma 
turicensis’ appear to be less pathogenic (Almosny 1998, André 
et al. 2010, Allison & Little 2013).

Dogs may be infected by at least two species of mycoplasma: 
Mycoplasma haemocanis and ‘Candidatus Mycoplasma 
haematoparvum’ (O’Dwyer et al. 1997, Biondo et al. 2009). 
In addition, a canine hemoplasma more similar to ‘Candidatus 
Mycoplasma haemominutum’ than to ‘Candidatus Mycoplasma 
haematoparvum’ was detected by polymerase chain reaction 
(PCR) in a dog in Londrina, Brazil, and another hemoplasma 
with 98-100% homology to ‘Candidatus Mycoplasma turicensis 
found in cats also amplified in 7 out of 10 splenectomized 
dogs in Porto Alegre, Brazil (André et al. 2012). It is unclear if 
these are new canine hemoplasmas or if dogs are susceptible 
to infection by feline hemoplasmas.

Parasitism by hemoplasmas has been reported in different 
wild species, such as:  Leopardus geoffroyi, Leopardus wiedii, 
Leopardus pardalis, Puma concolor, Panthera onca, Lynx lynx, 
Felis silvestris silvestris, Puma yagouaroundi, Canis lupus and 
Speothos venaticus, including vulnerable species like Panthera 
leo, and Leopardus tigrinus, or endangered like Panthera tigris, 
and Lynx pardinus (Birkenheuer et al. 2003, Bayliss et al. 2009, 
André et al. 2010, Almeida et al. 2011, Santos et al. 2013).

Furthermore, Anaplasma platys, Bartonella henselae and 
‘Candidatus Mycoplasma haematoparvum’ coinfection of 
a veterinarian who moved amongst Grenada, Ireland and 
South Africa has been described in literature. The woman 
reported contact with several domestic and wild animals, as 
well as fleas, ticks, lice, biting flies, mosquitoes, spiders and 
mites. She developed symptoms such as fainting, headaches, 
photophobia, muscle twitching, tonic-clonic seizures, ataxia 
and memory loss (Maggi et al. 2013). Also, a 34-year-old HIV-

positive patient has tested positive for hemoplasmas in Brazil 
(Dos Santos et al. 2008). These cases alert to the zoonotic 
potential of hemoplasmosis and severity of its clinical signs 
in humans, especially combined with other infectious agents 
or in immunocompromised patients.

In dogs and cats, infection of red blood cells by hemoparasites 
can result in intravascular or extravascular anaemia. Other 
clinical signs may include depression, splenomegaly, fever, 
anorexia, dehydration, wasting, lethargy, icterus, and sudden 
death. Anaemia is regenerative, unless there is a primary 
disease to inhibit erythropoiesis. For cats, hemoplasmosis 
commonly is secondary to feline leukemia virus (FeLV) or feline 
immunodeficiency virus (FIV) (Willi et al. 2007, Thrall 2012).

 Hemoparasite identification traditionally occurs by viewing 
blood smear under light microscope. Nevertheless, this 
diagnostic method is rather limited since it greatly depends 
on the amount of parasite circulating, as well as technician 
experience to distinguish the parasite from other structures 
such as Howell-Jolly boddies, basophilic stippling or even 
artifacts caused by poor staining. Therefore, the development 
of a PCR technique highly sensitive and specific assures an 
effective diagnosis, even in situations where there is a small 
amount of the microorganism (Thrall 2012).

Even though hemoplasmas can infect different species of 
wild carnivores and cause clinical signs extreme enough to 
compromise the conservation of endangered species, there is 
little information on the occurrence of hemoplasma infection 
in these species. Moreover, considering the zoonotic potential 
of the disease, it is necessary to assess whether there is a 
likelihood of wild animals to act as reservoirs and transmit 
it to humans and domestic animals. 

The objectives of this study were to determine the occurrence 
and identify the species of hemoplasmas that affect captive 
wild canids and felids by conventional PCR. Additionally, 
our aim was to verify haematological changes caused by 
hemoplasmas and study the epidemiology of hemoplasma 
infection in carnivores, correlating the occurrence of the 
disease in different wild species. 

MATERIALS AND METHODS
Blood samples of 33 wild felids and 18 wild canids from both Brasília 
Zoo and a conservationist breeding facility were used. The zoo 
provided samples from three jaguars (Panthera onca), one ocelot 
(Leopardus pardalis), two pampas cats (Leopardus pajerus), three 
pumas (Puma concolor), one margay (Leopardus wiedii), one oncilla 
(Leopardus tigrinus), four tigers (Panthera tigris), three jaguarundis 
(Puma yagouaroundi), two lions (Panthera leo), six maned wolves 
(Chrysocyon brachyurus), five hoary foxes (Lycalopex vetulus), five 
crab-eating foxes (Cerdocyon thous) and two bush dogs (Speothos 
venaticus). The breeding facility provided samples of eight jaguars, 
one ocelot, a pampas cat and three pumas. 

Samples were collected under authorization of the Ethics 
Committee on Animal Use (CEUA-UnB, Doc. no. 130988/2015) and 
the “Instituto Brasileiro do Meio Ambiente e dos Recursos Naturais 
Renováveis” (IBAMA, SISBIO no. 46097).

Samples from two natural infected domestic dogs and four 
domestic cats from the Veterinary Hospital of “Universidade de 
Brasília” (UnB) were used as positive controls for the PCR techniques. 
These animals had been previously diagnosed with hemoplasmas 
through real-time PCR (qPCR) and their samples had been sequenced 
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and stored in a biobank at the Laboratory of Veterinary Molecular 
Microbiology and Clinical Pathology at the UnB.

In order to reduce stress caused by physical and chemical 
restraint, all wildlife samples were collected during routine veterinary 
procedures of the host institution.

Samples of venous blood were taken by puncturing either the 
cephalic vein or jugular ventral caudal. These samples were collected 
in an atraumatic manner and quickly packed into tubes containing 
ethylenediaminetetraacetic acid (EDTA).

Samples from the breeding facility were sent to the Veterinary 
Clinical Pathology Laboratory at the University of Brasilia, where 
an automated haematologic counter for veterinary use (Horiba ABX 
Micros ESV 60) was used to determine red blood cell (RBC) and 
white blood cell (WBC) count. Samples from the zoo were sent to 
the zoo’s Veterinary Hospital Laboratory Nucleus, where it was held 
manual RBC and WBC count with a Neubauer chamber. 

The difference in methodology for WBC and RBC counts for 
samples from different origins took place in order to ensure that 
processing was carried out as quickly as possible. However, the same 
technician processed and analyzed all samples from both institutions 
in order to reduce variation to a minimum. Further processing was 
identical for samples from both origins. The packed cell volume 
(PCV) was determined by microhematocrit technique and whole 
blood smears were prepared and stained with a Romanowsky 
type stain (Diff-Quick) in order to perform leukocyte differential 
count, platelets count, morphological observation of blood cells 
and hemoparasites search.

After performing complete blood counts, samples were frozen 
and sent to the Laboratory of Veterinary Molecular Microbiology and 
Clinical Pathology at the University of Brasilia, where the DNA was 
extracted using commercial kits (Illustra blood genomicPrep Mini 
Spin Kit®, GE Healthcare of Brazil Ltda, São Paulo/SP), following the 
manufacturer’s recommendations. The DNA samples were kept at 
-20°C until the PCR.

In order to confirm DNA extraction and attest the quality 
and integrity of extracted material, and absence of inhibitors, a 
PCR was carried out to detect the gene encoding glyceraldehyde 
3-phosphate dehydrogenase using the primers GAPDH- F and 
GAPDH-R (Birkenheuer et al. 2003).

Specific primers for the 16S rRNA gene were used to identify 
hemoplasmas. For the standardization of PCR techniques, domestic 
dogs and cats with a positive laboratory diagnosis using qPCR and 
sequencing were used. The conditions of PCR techniques were 
determined experimentally. Samples from domestic animals known 
to be positive were used as positive controls, while miliQ water was 
used as a negative control in all experiments.

Six different standard PCR techniques were carried out for the 
detection of positive samples of hemoplasmas: for hemoplasmas genus 
using primers HBT-F and HBT-R , for Mycoplasma haemofelis with HF-F1 
and HF-R3 primers and for ‘Candidatus Mycoplasma haemominutum’ 
1183-F and 1290R primers (Criado-Fornelio et al. 2003).  Primers 
CMtFw2 and CMtRev2 was used for ‘Candidatus Mycoplasma turicensis’ 
detection  (Aquino et al. 2014). For Mycoplasma haemocanis, HCAN-F 
and HCAN-R primers was used and, for ‘Candidatus Mycoplasma 
haematoparvum’, HPARV-F and HPARV -R (Torkan et al. 2014). 
Rickettsiae was also identified through PCR by using one technique to 
identify Anaplasmataceae family, capable of identifying Ehrlichia canis, 
E. chaffeensis, E. muris, Anaplasma equi, A. phagocytophila, A. platys, A. 
marginale, A. centrale, Wolbachia pipientis, E. sennetsu, Neorickettsia 
risticii and N. helminthoeca with EHR16sd and EHR16sr primers, 
and another for Anaplasma platys using PLATYS as foward primer 
(Inokuma et al. 2000). Also, other PCR specific for identification of 

E. canis, using ECAN5 and He3 primers was performed (Murphy et 
al. 1998). The final volume of each PCR mix was 25µl, containing 1X 
PCR buffer, primers, MgCl2, dNTPs, Taq DNA polymerase (Invitrogen® 
Brasil Ltda, São Paulo, Brazil) and DNA sample.

The results of the PCRs were analysed in agarose electrophoresis 
gel stained with ethidium bromide and observed under fluorescence 
transilluminator.

Data was entered into Microsoft Office Excel® and statistical 
analysis was performed with SPSS software (SPSS Inc., Chicago/IL, 
USA). Categorical variables (gender, origin, species, age, presence 
of anaemia and PCR result) were evaluated using chi-square test, 
following a 95% confidence interval. Kolmogorov-Smirnov and 
Shapiro-Wilk tests were used to test the normality of continuous 
variables (PCV, number of erythrocytes and leukocytes). Mann-
Whitney U test was used to analyze the data did not follow normal 
distribution. Results were considered significant when P<0.05.

RESULTS
Initially we compared complete blood cell count (CBC) results 
of animals from different origins, in order to investigate if 
the difference in processing methodology resulted in some 
kind of bias. No differences were found, suggesting that this 
disagreement was not a determining factor in the results.

Considering the 33 wild felids tested, fifteen cats (45.5%) 
were positive for hemoplasmas, being two jaguars, two ocelots, 
three pampas cats, four pumas, one margay, two jaguarundis 
and a lion (Table 1). There was no statistical difference between 
the positive and negative animals when compared to origin, 
institution, gender, age (greater or less than 2 years old) or 
anaemia (Table 2-4). There was also no difference between 

Table 1. Results of the PCR for hemoplasma by felid species
Number (%) of 

positives
Number (%) of 

negatives Total

Leopardus wiedii 1(3) 1(3) 2 (6)

Panthera onca 2 (6.1) 9 (27.3) 11 (33.4)

Leopardus pardalis 2 (6.1) 0 (0) 2 (6.1)

Leopardus pajerus 3 (9.1) 0 (0) 3 (9.1)

Puma concolor 4 (12.1) 2 (6.1) 6 (18.2)

Panthera tigris 0 (0) 4 (12.1) 4 (12.1)

Puma yagouaroundi 2 (6.1) 1 (3) 3 (9.1)

Panthera leo 1 (3) 1 (3) 2 (6)

TOTAL 15 (45.5) 18 (54.5) 33 (100)

Table 2. Number (%) of positive and negative animals for 
hemoplasma infection compared to gender by Pearson’s Chi-

Square

Hemoplasma 
PCR

Gender

Felids Canids

Male Female Male Female

Negative 7 (21.2)a 11 (33.3)a 1 (5.6)a 2 (11.1)a

Positive 10 (30.3)a 5 (15.2)a 9 (50)a 6 (33.3)a

Total 17 (51.5) 16 (48.5) 10 (55.6) 8 (44.4)
Felids: p=0.112, Canids: p=0.396; a Equal letters in different columns 
indicate proportions are not significantly different. 
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PCV, RBC, WBC and platelet count of positive and negative 
animals. No hemoplasmas were found in blood smears from 
both positive and negative animals.

Two jaguars were positive for ‘Candidatus Mycoplasma 
haemominutum’ and ‘Candidatus Mycoplasma haematoparvum’, 
a pampas cat for Mycoplasma haemocanis and an ocelot and a 
pampas cat for ‘Ca. M. haematoparvum’. The other ten felids 
positive for hemoplasmas had no species detected by PCR 
techniques used in this study (Table 5).

Among the positive felines, a jaguar and an ocelot were 
positive for Anaplasma platys, a puma was positive for 
Ehrlichia canis and one jaguar, one ocelot, two pampas cats, 
one puma and one oncilla were also tested positive for some 
other Anaplasmataceae family agent. Since the animals were 
naturally infected, it is difficult to say which agent caused the 
infection first. However, it is quite likely that one of the agents 
has compromised the hosts immune system and favoured 
the infection of other.

Fifteen canids (83.3%) were positive for hemoplasmas out 
of the 18 tested, being six maned wolves, four hoary foxes, 
four crab-eating foxes and one bush dog (Table 6). There was 
no difference between positive and negative animals when 
compared regarding gender, age or the presence of anaemia 
(Tables 2-4). Likewise, there was no difference in comparison 
between PCV, RBC, WBC and platelet count from positive and 
negative animals.

Two crab-eating foxes were tested positive for ‘Candidatus 
Mycoplasma haemominutum’, one hoary fox, and two crab-
eating foxes were positive for Mycoplasma haemocanis and 
one bush-dog had the presence of ‘Candidatus Mycoplasma 
haematoparvum’ in its sample. Even so, nine positives did not 

have the species of hemoplasma detected by PCR techniques 
used here (Table 5).

No co-infection between hemoplasmas species was 
encountered in any of the studied samples from canids. 
Nevertheless, among positive hemoplasma samples one 
maned wolf and a hoary fox were positive for A. platys and E. 
canis; a crab-eating fox, a hoary fox and three maned wolves 
were positive for A. platys; a hoary fox and a maned wolf 
tested positive for E. canis; and a crab-eating fox, two hoary 
foxes and a maned wolf were positive for some unspecified 
Anaplasmataceae family agent. In the blood smear belonging 
the maned wolf positive for E. canis morula was found in 
platelets, but hemoplasmas were not found in smears of any 
of the studied canids.

DISCUSSION
Other studies have been conducted investigating hemoplasma 
infection in wild felines in recent years and the agent occurrence 
differs considerably. In a study with 54 felines in captivity 
Illinois and Florida, in the United States, there were only 
two (0.04%) positive tigers (André et al. 2010). This value 
is much below the 45.5% found in this study, although it also 
samples from captive animals. 

Brasília Zoo is located in a major metropolitan center 
and, therefore, faces a relevant problem with domestic 
and synanthropic animals such as stray cats and capybaras 
(Hydrochoerus hydrochaeris). Cats and capybaras have free 
access in and out the institution and may be responsible for 

Table 3. Number (%) of positive and negative animals for 
hemoplasma infection compared to age by Pearson’s Chi-

Square

Hemoplasma 
PCR

Age

Felids Canids

<2 years 
old

>2 years 
old

<2 years 
old

>2 years 
old

Negative 2 (6.1)a 16 (48.5)a 1 (5.6)a 2 (11.1)a

Positive 1 (3)a 14 (42.4)a 5 (27.8)a 10 (55.5)a

Total 3 (9.1) 30 (90.9) 6 (33.4) 12 (66.6)

Felids: p=0.658; Canids: p=1.000; a Equal letters in different columns 
indicate proportions are not significantly different.

Table 4. Number (%) of positive and negative animals 
for hemoplasma infection compared to presence or not of 

anaemia by Pearson’s Chi-Square

Hemoplasma 
PCR

Anemia

Felids Canids

PCV≥27 PCV<27 PCV≥38 PCV<38

Negativo 12 (50)a 1 (4.2)a 2 (12.5)a 1 (6.3)a

Positivo 10 (41.7)a 1 (4.2)a 4 (25)a 9 (56.2)a

Total 22 (91.7) 2 (8.4) 6 (37.5) 10 (62.5)

Felids: p=0.902, Canids: p=0.247; PCV = packed cell volume; a Equal letters 
in different columns indicate proportions are not significantly different. 

Table 5. Number (%) of positive and negative samples for 
the different PCR techniques

Felids Canids

PCR 
positive

PCR 
negative

PCR 
positive

PCR 
negative

Hemoplasma genus 15 
(45.5)

18 
(54.5)

15 
(83.3)

3 (16.7)

Mycoplasma haemofelis 0 (0) 33 (100) 0 (0) 18 (100)

Candidatus Mycoplasma 
haemominutum

2 (6.1) 31 
(93.9)

2 (11.1) 16 
(88.9)

Ca. Mycoplasma 
turicensis

0 (0) 33 (100) 0 (0) 18 (100)

Mycoplasma haemocanis 1 (3) 32 (97) 3 (16.7) 15 
(83.3)

Ca. Mycoplasma 
haematoparvum

4 (12.1) 29 
(87.9)

1 (5.6) 17 
(94.4)

Table 6. Results of the PCR for hemoplasma by canid 
species

Number (%) 
of positives

Number (%) of 
negatives Total

Chrysocyon 
brachyrurus

6 (33.3) 0 (0) 6 (33)

Lycalopex vetulus 4 (22.2) 1 (5.6) 5 (27.8)

Cerdocyon thous 4 (22.2) 1 (5.6) 5 (27.8)

Speothos venaticus 1 (5.6) 1 (5.6) 6 (11.2)

Total 15 (83.3) 3 (16.7) 33 (100)
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vector traffic, therefore, maintaining high infection rates in 
wild specimens. Study regarding these animals and their 
vectors is essential in order to gather information about their 
role in this cycle. 

In another study, conducted with 165 felines from zoos 
in São Paulo, Mato Grosso and the Distrito Federal, the 
occurrence of hemoplasma infection was 13.9% in felids, 
totalling 23 infected animals. Of all the animals, ten belonged 
to Brasilia Zoo and three (30%) of which tested positive for 
‘Candidatus Mycoplasma haemominutum’ (Birkenheuer et 
al. 2003). Though the total occurrence is much lower, when 
considering only the animals located in the Distrito Federal, 
despite only ten animals having been sampled, there is greater 
proximity to the occurrence found in this study. This suggests 
that both hemoplasma infections in wild felines can be more 
frequent in the Federal District than in Mato Grosso and São 
Paulo, and that it has grown over the years, going from 30% 
to 45.5%. This problem may be once again related to stray 
animals, increasingly frequent in the vicinity of Brasilia Zoo. 

A third study evaluated blood samples and serosanguinous 
fluids of 257 free-living or captive wild felids of 15 different 
species, originating from Africa, South America and Europe, 
achieved 96 positive animals (37%) for hemoplasma infection. 
The felids were divided into five groups with different 
frequencies of infection: Serengeti lions (98%), Eurasian lynxes 
(44%), European wild cats (39%), Iberian lynxes (37%) and 
Brazilians wild felids (10%) (Willi et al. 2007). Although the 
total occurrence is very close to that found in this paper, there 
is considerable disparity when comparing only Brazilian wild 
felids. The authors imply that the difference in the frequency 
of infection among the five groups may be due to differences 
in habitat, either from one captivity to another, or from 
captivity to free-living. It should be considered, therefore, 
that the samples of Brazilian wild felids were taken from 
the Zoological Park of São Paulo, located in Brazilian Atlantic 
Forest, while samples of the current paper were collected 
from animals that live in Brazilian Cerrado. The differences 
between these two ecosystems can influence factors such 
as temperature variation, facilitating or hindering that 
animals suffer heat stress, as well as altering susceptibility 
to ectoparasites that potentially convey the agent in question. 
This may account for the variation of 35.5% in the frequency 
of infection between papers.

The infection of domestic cats is potentially pathogenic as 
evaluated previously (Dumler et al. 2001, Ebani & Bertelloni 
2014), but this has not often been reported in wild felids 
(Birkenheuer et al. 2003, Almeida et al. 2011). One can reach 
the hypothesis that animals are in the chronic stage of infection, 
less pathogenic strains of the agent caused the infection, or 
the hosts had better immune competence and thus did not 
have anemia (Foley et al. 1999, Filoni et al. 2006, Fortes et al. 
2011). One of the pumas positive to ‘Ca. M. haemominutum’ 
and ‘Candidatus Mycoplasma haematoparvum’ had its sample 
tested twice in one year apart and were positive in both tests. 
This finding confirms the theory of this animal being in the 
chronic phase of infection and increases the likelihood that 
the same is happening with the other test subjects. 

Researches with domestic cats indicate that males are 
more prone to hemoplasma infection than females, and 
Mycoplasma haemofelis is more common in young animals, 
whereas ‘Ca. M. haemominutum’ is most reported in older 

animals (Fournier et al. 2007, Fortes et al. 2011). However, 
just like in this paper, Willi et al. (2007) found no correlation 
between gender and hemoplasma infection in other research 
investigating wild felids. Co-infection by different species of 
hemoplasmas is often reported in domestic cats.

Co-infection by different species of hemoplasmas is often 
reported in domestic cats (Filoni et al. 2006, Fortes et al. 2011, 
Adaszek et al. 2013). The percentage of animals concurrently 
infected with more than one specie of hemoplasma was 
21.4% in a research that only investigated the presence of 
M. haemofelis, ‘Ca. M. haemominutum’ and ‘Ca. M. turicensis’ 
in wild felids (Almeida et al. 2011). Interestingly only two 
pumas had simultaneous infections with more than one 
species of hemoplasma, in both cases ‘Ca. M. haemominutum’ 
and ‘Ca. M. haematoparvum’. It is worth noting that there is a 
very close proximity between these two species and the two 
PCR techniques may be identifying the same agent (Fortes 
et al. 2011).

Hemoplasma infection in domestic dogs has been described 
in the literature, particularly associated with splenectomized 
or immunosuppressed animals. A study of 889 dogs in 
Switzerland found an occurrence of infection by Mycoplasma 
haemocanis or ‘Ca. M. haematoparvum’ of 1.2%, being the 
former 0.9% and latter 0.3% (Hegarty et al. 2015). Another 
study surveyed the same agents in 154 dogs from Ribeirão 
Preto and found a canine hemoplasma occurrence of 2.5%, 
1.9% of infections by M. haemocanis and 0.6% by ‘Ca. M. 
haematoparvum’ (Inokuma et al. 2000). The occurrence found 
in the present study significantly outweighs that which was 
found in the other papers, either because of the difference 
of host species evaluated or because of the variation in the 
availability of vectors in the environment.

Another study investigated the occurrence of hemoplasmas 
in 100 wild canids, three European wolves (Canis lupus) and 
97 Brazilian wild canids kept in captivity in zoos from São 
Paulo, Mato Grosso and the Distrito Federal. The frequency 
of hemoplasma infection was estimated at 4%, a mark well 
below the 83.3% found in this study. Nevertheless, two wolves 
(2%) tested positive for ‘Ca. M. haemominutum’, and two 
bush dogs (2%) were infected with ‘Ca. M. haematoparvum’. 
In the present paper two crab-eating foxes (11.1%) were 
also positive for ‘Ca. M. haemominutum’ and a bush dog was 
positive for ‘Ca. M. haematoparvum’ (Birkenheuer et al. 2003).

It should be noted that all assessed canids came from 
the same institution and that the high rate of infection may 
be the result of not only regional ecological conditions, but 
also local health conditions. Again, the difficulty to perform 
efficient vector control of wandering and synanthropic 
animals may have been decisive in this case and will need 
more targeted studies.

Interestingly, all the maned wolves were positive for 
hemoplasmas and rickettsiae. The animals live in enclosures side 
by side and communicate through railings, which is certainly 
a factor that facilitates the transmission of pathogens. Yet, 
the species of hemoplasma infecting them was not detected, 
but three individuals were positive for A. platys, one for E. 
canis, and one for A. platys and E. canis, showing a triple 
infection. This animal, a female cub, presented anaemia and 
died in about two months. Another maned wolf, born in the 
same litter, but only positive for hemoplasma and A. platys, 
presented thrombocytopenia e anaemia. Four months later 
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the animal was diagnosed with an osteometabolic disease 
and was euthanized. Among the studied animals there was 
also a hoary fox with a triple infection. Unlike the maned 
wolf, it showed only thrombocytopenia without any signs 
on physical examination. This study converges with another 
investigating hemoplasma infection in dogs, both domestic and 
wild, by showing that hemoplasmas have low pathogenicity 
in these species, showing no correlation between anaemia, 
or any other hematologic finding, and infection (Inokuma 
et al. 2000, Birkenheuer et al. 2003, Hegarty et al. 2015). It 
is noteworthy that even animals co-infected with Rickettsia 
showed no statistically significant haematological abnormalities 
compared to uninfected animals.

Studies with domestic dogs also point out that there is 
no correlation between hemoplasma infection and gender 
or age group (Hegarty et al. 2015), but no other study with 
wild canids tried this comparison.

The most frequent hemoplasma species found in felids was 
‘Ca. M. haematoparvum’, while the most frequent in canids 
was M. haemocanis, with an incidence of 12.1% and 16.7%, 
respectively. On the other hand, the less frequent species 
were M. haemofelis and ‘Ca. M. turicensis’, which were found 
in none of the specimens analysed.

CONCLUSIONS
Hemoplasma infections are frequent in captive wild 

carnivores, however, significant haematological findings have 
not been found, leading us to believe that the hemoplasmosis 
does not usually appear as a disease in these animals, possibly 
because they are chronically infected or parasitized by less 
pathogenic species or strains of the agent. Furthermore, the 
high incidence of hemoplasmas in wild animals from major 
population centers implies that they can act as reservoirs and 
perpetuate the infection of domestic animals.

This seems to be the first study to report Mycoplasma 
haemocanis and ‘Candidatus Mycoplasma haematoparvum 
infecting wild felids, and M. haemocanis infecting wild canids. 
Nevertheless, we must emphasize the similarity between the 
genomes M. haemocanis and M. haemofelis, especially in the 
16S rRNA gene, and that sequencing of the positive samples 
must be carried out in order to distinguish between species.

The use of other molecular techniques, such as gene 
sequencing, is essential to elucidate if infected individuals 
without species identification regard to small changes in the 
genome of the parasite or if there are new species infecting 
wild carnivores. 

Future researches on the infection of synanthropic 
animals that have contact with both wild captive animals and 
domestic animals, as well as on their vectors, are also crucial 
to understanding the disease better.
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