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Occurrence and phylogenetic analysis of ‘Candidatus Mycoplasma
haemominutum’ in wild felines from Parana, Brazil

Ocorréncia e analise filogenética de ‘Candidatus Mycoplasma
haemominutum’ em felinos selvagens no Parana, Brasil
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Abstract

Hemoplasma infections are emerging and wild fauna can represent an important reservoir of these
pathogens. However, there are very few epidemiological studies about the occurrence of hemoplasmas
in wild cats around the world. The purpose of this study is twofold: (1) evaluate the occurrence and
phylogeny of hemoplasmas in captive wild felines at a zoo in the state of Parand, Brazil, and (2) verify the
correlation between subpopulations of these bacteria and the hematological and biochemical parameters
of the animals. PCR was used to detect hemoplasmas in the blood of three cougars (Puma concolor),
a jaguar (Panthera onca), a tiger (Panthera tigris) and a lion (Panthera leo), followed by sequencing
and phylogenetic analysis. The cougars and jaguar were found to be hemoplasma-positive by PCR.
The phylogenetic analysis of the 16S rRNA gene sequences enabled the identification of genotypes
of ‘Candidatus Mycoplasma haemominutum’ circulating in this zoo. The identified sequences were
closely related to hemoplasma sequences originating from domestic cats and other wild cats, but the
infected cougars and jaguar were healthy and showed no hematological or biochemical changes. It was
concluded that P. concolor and P. onca are exposed to ‘Candidatus Mycoplasma haemominutum’ in
Parand, but further research is suggested to assess the resistance of wild cats to different hemoplasma
subpopulations.
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Resumo

Infecgdes por hemoplasmas sdo emergentes e os animais selvagens podem representar um importante
reservatdrio desses patogenos. Entretanto, sdo escassos os estudos epidemioldgicos sobre a ocorréncia
de hemoplasmas em felinos selvagens em todo o mundo. O objetivo deste estudo foi (1) avaliar a
ocorréncia e a filogenia de hemoplasmas em felinos selvagens cativos em um zoolégico do Estado
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do Parand, Brasil, (2) e verificar a correlag@o entre as subpopulacdes destas bactérias e os parametros
hematoldgicos e bioquimicos dos animais. A PCR foi utilizada para detecgdo de hemoplasmas em
sangue de trés pumas (Puma concolor), uma onga (Panthera onca), um tigre (Panthera tigris) e uma
leoa (Panthera leo), seguida de sequenciamento e analise filogenética. Constatou-se que os pumas € a
onga foram PCR-positivos para hemoplasma. A analise filogenética das sequéncias do gene 16S rRNA
permitiu identificar genétipos de ‘Candidatus Mycoplasma haemominutum’ circulando neste zoo. As
sequéncias identificadas apresentaram relagdes estreitas com sequéncias de hemoplasmas procedentes
de gatos domésticos e de outros felinos selvagens; contudo, os pumas e a onga infectados apresentaram-
se saudaveis e sem alteracdes hematoldgicas ou bioquimicas. Conclui-se que P. concolor e P. onca
sdo expostos a ‘Candidatus Mycoplasma haemominutum’ no Parana, porém sugere-se a realizagdo de
pesquisas futuras para avaliar a resisténcia dos felinos selvagens frente a diferentes subpopulagdes de
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hemoplasmas.

Palavras-chave: Caracterizagao molecular. Hemoplasmas. Panthera onca. PCR. Puma concolor.

In practical applications for the prevention,
surveillance and detection of disease, the “One
Health” concept has been used, which consists in the
joint effort of human medicine, veterinary medicine,
and ecology to ensure the health of humans,
domestic and wild animals, and the environment
(JENKINS et al., 2015). Surveillance of the health
of wild felines can therefore contribute to a better
understanding of the role of these carnivores in the
epidemiology of emerging pathogens that pose a
risk to human health and may adversely affect wild
animal populations of conservation interest.

Hemoplasmas are pleomorphic  bacteria
belonging to the family Mycoplasmataceae and
are found attached to the epicellular region of
erythrocytes (BIONDO et al., 2009). The species
Mycoplasma haemofelis, ‘Candidatus Mycoplasma
haemominutum’ and ‘Candidatus Mycoplasma
turicensis’ are etiologic agents of feline hemotropic
mycoplasmosis which been observed in cats (Felis
catus) with hemolytic anemia (NIBBLETT et al.,

2009; WEINGART et al., 2016).

Zoonotic infections by hemoplasmas are
considered emergent and an increasing number
of cases have been reported, particularly in
immunodeficient patients. Septic arthritis caused by
M. haemofelis was diagnosed in a woman suffering
from hypogammaglobulinemia in the United States
(BONILLA et al., 1997). In Brazil, M. haemofelis

was detected in an HIV-positive patient co-infected

with Bartonella henselae (SANTOS et al., 2008),
demonstrating the occurrence of interspecific
transmission of this pathogen.

Few investigations have focused on the
distribution and prevalence of hemoplasmas in
captive or free-living wild feline populations.
Nevertheless, hemoplasma infections have been
reported in leopard cats (Prionailurus bengalensis
euptilura) in Korea (HWANG et al., 2015), european
wildcats (Felis silvestris), iberian lynx (Lynx
pardinus) and eurasian lynx (Lynx lynx) in Europe,
lions (Panthera leo) in Africa, and in neotropical
felines in Brazil: jaguarondis (Puma yagouaroundi),
ocelots (Leopardus pardalis), margays (Leopardus
wiedii), geoffroy’s cats (Leopardus geoffroyi),
(Puma
concolor) and jaguars (Panthera onca) (WILLI et

al., 2007; ANDRE et al., 2011).

oncillas (Leopardus tigrinus), cougars

Previous studies on the genetic diversity of
hemoplasmas in wild felines have demonstrated
that strains of these bacteria differ in geographical
distribution (WILLI et al., 2007, HWANG et
al., 2015), but they do not mention whether the
subpopulations of hemoplasmas express different
virulence phenotypes. However, genetic variations
may play an important role in the epidemiology and
pathogenesis of feline hemotropic mycoplasmosis.

Given that hemoplasmas can
impact the health of wild animals and humans,

significantly
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this study aims to: (1) evaluate the occurrence
and genetically characterize the hemoplasmas
detected in naturally infected captive wild felines,
and (2) determine whether there is a correlation
between subpopulations of these pathogens and the
hematological and biochemical parameters of the
felines.

All the procedures used in this study were
approved by IBAMA, the Brazilian Institute of
Environment and Renewable Natural Resources
(Permit No. 53804-1).

The evaluation involved three cougars (Puma
concolor), a jaguar (Panthera onca), a lion
(Panthera leo) and a tiger (Panthera tigris), males
and females ranging in age from 2 to 10 years and
living in captivity at the zoo of the Parana Southwest
Education Union, in the state of Parana, Brazil (25°
45'0"S,53°3'25" W). The felines were immobilized
for routine clinical exams and the collection of blood
samples by cephalic venipuncture. A combination
of tiletamine and zolazepam (Zoletil®) associated
with detomidine (Dormium V®) was used to
chemically restrain the cougars, jaguar and lioness,
while a combination of ketamine (Ketamine S+%)
and detomidine (Dormium V®) was used for the
tiger. The doses were calculated using interspecific
allometric scaling.

Blood cell counts were made of the blood samples
collected with EDTA, using a Sysmex® pocH-100iV
Diff veterinary hematology analyzer. The samples
collected without anticoagulant were centrifuged
in a Nova Instruments® N1 1812 lab centrifuge at
2,500 rpm for 5 min to obtain the serum, in which
the total proteins, urea and creatinine concentrations
were measured using a semi-automatic biochemical
analyzer (Bioplus 2000®) and commercial Kkits
(Bioclin®, Brazil).

Genomic DNA was extracted from 200 pL of
blood using a commercial DNeasy® Blood & Tissue
kit (Qiagen, Germany) and was stored at -20°C until
PCRwasperformed. Theprimers 16S_ HAEMOforw
(5’-GGCCCATATTCCTRCGGGAAG-3’)

and 16S HAEMOrev
(5’-ACRGGATTACTAGTGATTCCA-3’), which
amplify a fragment of the 16S rRNA gene (950 pb),
were used for the detection of Mycoplasma spp.
(HOELZLE et al., 2011). The PCR reaction was
performed in a final volume of 25 pL containing 1
uL of genomic DNA, 5 pmol of each primer, 200
uM of dNTP, 1X Platinum PCR buffer, 1.5 mM
of MgCl, and 1.25 U of Platinum™ Taq DNA
Polymerase (Invitrogen™). The following thermal
sequences were used: an initial cycle at 95°C for
5 min, followed by 35 cycles at 95°C for 1 min,
annealing at 60°C for 45 s, at 68°C for 1.5 min, and
a final extension at 68°C for 5 min.

M. haemofelis DNA detected in a cat treated at
the Veterinary Hospital of the State University of
Londrina was used as positive control and ultrapure
water (Invitrogen™) as negative control. The
products of PCR were visualized on 1.5% agarose
gel stained with SYBR® Safe DNA Gel Stain
(Invitrogen™).

Amplicons were sequenced with BigDye®
Terminator v3.1 Cycle Sequencing Kit (Applied
Biosystems®) and the automated sequencer ABI
3500 Genetic Analyzer (Applied Biosystems®).
Multiple sequence alignment was carried out using
ClustalW, while phylogenetic trees were built
using the Maximum Likelihood method by Mega
7 software (KUMAR et al., 2016). Tajima’s D
test (TAJIMA, 1989) was used to infer deviations
from neutrality of the 16S rRNA gene sequences of
detected hemoplasmas.

Among the investigated felines, the three cougars
and the jaguar were positive for hemoplasmas by
the PCR-based determination method. The partial
sequence of the 16S rRNA gene of Mycoplasma
spp. was analyzed by comparison with sequences
deposited in GenBank. Genotypes 1, 2, 3 and
4 presented > 99% similarity with ‘Candidatus
M. haemominutum’ under accession numbers
KM275248.1, KM275257.1, KJ135321.1,
KJ135328.1, EU128752.1, FJ004275.1,
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EU839984.1, JN368078.1, DQ825457.1, Twenty-five nucleotide sequences of ‘ Candidatus
DQ825456.1, DQ825455.1, DQ825452.1, M. hamominutum’ were evaluated by means of
DQ825446.1, DQ825445.1, DQ825443.1, the Tajima D test and presented a negative value
DQ825440.1 and DQ825439.1 (Figure 1). All the (p < 0.05), indicating that this population may be
animals tested negative for M. haemofelis and expanding (Table 1).

‘Candidatus Mycoplasma turicensis.’

Figure 1. 16S rRNA tree of ‘Candidatus Mycoplasma haemominutum’ of Puma concolor and Panthera onca
(genotypes 1, 2, 3 and 4), generated through Maximum Likelihood analysis. The tree is drawn to scale, with branch
lengths measured in the number of substitutions per site. The analysis involved 26 nucleotide sequences and the final
dataset contained a total of 203 positions. The scale bar represents 0.050 different nucleotides among the sequences.
The numbers above and below the branches indicate bootstrap values.

Puma concolor genotype n 1 Brazil

Puma concolor genotype n 2 Brazil

Panthera onca genotype n 4 Brazil

Puma concolor genotype n 3 Brazil
- CMhm Felis catus Brazil KM275248.1
CMhm Lynx lynx Switzerland DQ825456.1
CMhm Panthera leo Tanzania DQ825455.1
CMhm Panthera leo Tanzania DQ825452 1
CMhm Felis catus Brazil KJ135321.1
CMhm Felis catus Brazil KJ135328.1
CMhm Felis catus Hungary EU128752 1
ClMhm Felis catus USA FJ004275 .1
CMhm Felis catus Italy EU839984 1
CMhm Panthera onca Brasil JN368078.1
CMhm Lynx lynx Switzerland DQ825457 1
CMhm Felis silvestris France DQ825443.1

CMhm Lynx pardinus Spain DQ825446.1

CMhm Felis catus Brazil KM275257.1
CMhm Lynx pardinus Spain DQ825445 1
£3| CMhm Leopardus wiedii Brazil DQ825440.1
CMhm Leopardus tigrinus Brazil Q8254391

100

100, Mycoplasma turicensis Leopardus pardalis Brazil DQ§25448.1
Mycoplasma turicensis European wildcat France DQ825449 .1

‘ Mycoplasma haemofelis Lion Tanzania DQ825453.1

m ‘ Mycoplasma haemofelis Leopardus wiedii Brazil DQ825435.1

positive control

0.050
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Table 1. Neutrality test of ‘Candidatus Mycoplasma haemominutum’ detected in captive Puma concolor and Panthera

onca in Parana, Brazil.

Gene loci m

S T D

16S rRNA 25

67 0.077274 - 0.451499

m: number of sequences; S: number of polymorphic sites; n: nucleotide diversity; D: Tajima’s D.

The degree of pathogenicity of the genotypes
was assessed based on physical examination and
determination of the hematological and biochemical
parameters of the animals. The felines PCR-positive
for ‘Candidatus M. haemominutum’ appeared
healthy in the clinical examination, without
hematological or biochemical changes (Table 2).
However, high levels of urea were found in the
animals, which were attributed to their high protein
diet.

The need to investigate the health of wild
animals is recognized, since emerging infectious
diseases have become increasingly prevalent
in these animals. In this study, ‘Candidatus M.
haemominutum’ was detected in P. concolor and P.
onca, which are neotropical felines found in Brazil
that are in decline and are classified as vulnerable
to extinction by the Chico Mendes Institute for
Biodiversity Conservation (BRASIL, 2014).

Table 2. Mean + SEM of the hematological and biochemical parameters of Puma concolor and Panthera onca PCR-

positive for ‘Candidatus Mycoplasma haemominutum’.

Parameters Puma concolor Reference values Panthera onca Reference values
Erythrocytes (10° uL) 9.45+0.26 7.41+0.77 8.4+0.00 6.99 +1.02
Hemoglobin (g dL™") 15.13 £0.18 11.77 £ 1.36 11.5+0.00 10.73 £ 1.56
PCV (%) 43.10+1.20 3475+ 4.15 32.74+0.00 32.95+49
MCV (fL) 4556 +1.28 46.9 +3.18 39+ 0.00 472+33
MCHC (g dL) 35.16 £0.48 33.95+1.78 35.6+£0.00 32.61 +£1.33
Leukocytes (10° uL") 10.53 £ 0.85 8.35+2.07 13.40 +0.00 10.86 +2.54
Neutrophils (10° L") 6.50+0.50 7.23 +1.71 9.38+0.00 7.27+1.31
Platelets (10° uL") 330.33 £27.48 292 £ 116 390 + 0.00 281 £ 115
Creatinine (mg dL) 1.36 £ 0.6 24+0.7 1.4 £0.00 1.9+0.6
Urea (mg dL") 44.66 +3.28 20+9 61 +£0.00 25+£10
Total proteins (g dL") 6.16 £ 0.23 7.3+0.6 6.1 +0.00 7.4+0.7

PCV: packed cell volume; MCV: mean corpuscular volume; MCHC: mean corpuscular hemoglobin concentration.
Reference values: Adania et al. (2014).

in neotropical felines. In Brazil, Willi et al. (2007)
and André et al. (2011) used molecular tools and

‘Candidatus M. haemominutum’ is the most
prevalent species in cats in South America, North
America and Europe (KAMRANI et al., 2008;
SANTIS et al.,, 2014; DUARTE et al., 2015).
However, few studies have focused on determining

detected this pathogen in P. onca, P. concolor,
P yagouaroundi, L. pardalis, L. tigrinus and L.
geoffroyi from the Federal District and the states of

the prevalence of ‘Candidatus M. haemominutum’  Sao Paulo and Mato Grosso.
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The phylogenetic analysis based on the 16S
rRNA gene of ‘Candidatus M. haemominutum’
indicated that the genotypes 1, 2, 3 and 4 identified
in P. concolor and P. onca were highly similar and
were included in the same subclade (Figure 1).
The negative result of Tajima’s D test may indicate
that these hemoplasmas are undergoing positive
selection, resulting in a lower level of nucleotide
diversity (m) and an excess of low frequency variants
(Table 1).

‘Candidatus
M. haemominutum’ showed strong evolutionary

The sequences obtained from

homology with sequences derived from eurasian
lynxes in Switzerland, lions in Tanzania, european
wildcats in France, jaguars in Brazil and domestic
cats in various countries around the world, such as
Brazil, United States, Hungary and Italy (Figure 1),
indicating that genotypes 1, 2, 3 and 4 of ‘Candidatus
M. haemominutum’ are able to infect both wild and
domestic felines (WILLI et al., 2007, HORNOK
et al.,, 2008; ANDRE et al., 2011; SANTIS et al.,
2014).

However, the strains detected in L. pardinus
in Spain (DQ825445.1 and DQS825446.1), L.
tigrinus (DQ825439.1), L. wiedii (DQ825440.1)
and cats (KM275257.1) in Brazil were included in
different subclades, indicating a similarity among
these sequences, despite the low bootstrap values
observed in the phylogenetic tree.

Among the three hemoplasma species that
infect felines, ‘Candidatus M. haemominutum’
is considered the least pathogenic and clinical
symptoms of the infection have been reported
in co-infections with other hemoplasma species,
retroviruses or hemoparasites (WILLI et al., 2007;
NIBBLETT et al.,, 2009). However, hemolytic
anemia has been observed in cats infected with
without the
presence of concomitant diseases or infections
(WEINGART et al., 2016). In Hungary, Hornok
(2008)
elevated white blood cell count with neutrophilia,

‘Candidatus M. haemominutum’,

et al observed hemolytic anemia,

jaundice, and hemoglobinuria in cats infected
with the ‘Candidatus M. haemominutum’ strain
(EU128752.1); all the felines were negative for
other hemoplasma and retrovirus species.

With regard to wild felines, the few studies that
have detected ‘Candidatus M. haemominutum’
infection reported only that the sampled felines were
asymptomatic and showed no changes in packed
cell volume (PCV) (WILLI et al., 2007; ANDRE
et al.,, 2011; HWANG et al., 2015). Willi et al.
(2007) also noted that iberian lynxes PCR-positive
for ‘Candidatus M. haemominutum’ become free
of the infection 1 to 2 years after its detection,
indicating that wild felines may be more resistant to

hemoplasma infections than domestic cats.

It has also been suggested that the absence of
obvious clinical signs in wild felines infected with
hemoplasmas is because blood sampling was done
during the chronic phase rather than the acute phase
of the infection (WILLI et al., 2007; ANDRE et al.,
2011).

This study sought to determine whether there is
a correlation between the genotypes of ‘Candidatus
M. haemominutum’ and the hematological and
biochemical values of P. concolor and P. onca. The
PCR-positive felines were asymptomatic, showing
no changes in blood count or in total protein and
creatine levels (Table 2), and had no history of
disease. These animals are observed and monitored
daily, but have never presented symptoms that
would characterize the acute phase of hemoplasma
infection. Also worth noting is that the felines
presented no virus or hemoparasite co-infections,
since they were PCR-negative for herpes I virus,
felineimmunodeficiency virus, feline leukemiavirus,
feline parvovirus, Babesia canis vogeli, Ehrlichia
canis, Anaplasma platys, Leishmania infantum and
Trypanosoma cruzi (data not shown). The absence
of clinical or hematological and biochemical
changes may indicate the low pathogenicity of these
genotypes or the felines’ resistance to infection by
‘Candidatus M. haemominutum,’ even in stressful
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conditions such as captivity.

In conclusion, P. concolor and P onca are
exposed to
‘Candidatus M. haemominutum’ in Parana. These

neotropical felines infection by

results expand the body of knowledge about the
occurrence of ‘Candidatus M. haemominutum’
in captive wild felines in Brazil and provide
information about the epidemiology of feline
hemotropic mycoplasmosis. However, the limited
number of reports of wild felines positive for
hemoplasmas suggests the need for continuous
surveillance of infections by this pathogen in order
to determine the genetic diversity and degree of
virulence of hemoplasma subpopulations, as well as
the resistance of felines during infection.
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