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Abstract

There is a growing concern about the participation of wild hosts and reservoirs in the epidemiology of several
pathogens, particularly within the context of environmental changes and the expansion of the One Health
concept. The aim of this study was to investigate the presence of hemoplasmas in opossums rescued from the
metropolitan region of Rio de Janeiro state, Brazil. Blood samples were collected from 15 Didelphis aurita and
subjected to DNA extraction and PCR using primers for the 16S rRNA and 23S rRNA genes. Physical examination
and hematological analysis were also performed. Three out of 15 opossums tested positive for hemotropic
Mycoplasma spp. by PCR and showed hematological alterations such as anemia and leukocytosis. Clinical signs
were non-specific and associated to traumatic lesions. The phylogenetic analysis indicated that the hemoplasma
detected was positioned between ‘Ca. Mycoplasma haemodidelphis’' detected in D. virginiana from North American
and hemoplasmas recently detected in D. aurita from the state of Minas Gerais, Brazil. This study indicates the
existence of hemoplasma infections in D. aurita from the metropolitan region of Rio de Janeiro, and reinforce
the need for new epidemiological inquiries to clarify the participation of these in the dynamics of circulation of
tick-borne pathogens.

Keywords: Hemotropic Mycoplasma spp., opossums, hemoplasmosis, wildlife.

Resumo

Ha uma crescente preocupagao com a participacdo de hospedeiros e reservatorios silvestres na epidemiologia
de diversos patogenos, principalmente no contexto das mudangas ambientais e da expansao do conceito
“One Health”. O objetivo deste estudo foi investigar a presenca de hemoplasmas em gambas resgatados da
regido metropolitana do estado do Rio de Janeiro, Brasil. Amostras de sangue foram coletadas de 15 Didelphis
aurita e submetidas a extracdo de DNA e PCR utilizando-se “primers” para os genes 16S rRNA e 23S rRNA. O
exame fisico e a analise hematolégica também foram realizados. Trés dos 15 gambas testaram positivo para
Mycoplasma spp. hemotrépico por PCR. Os sinais clinicos eram inespecificos e associados a lesdes traumaticas.
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Hemoplasmas in Didelphis aurita from Brazil

Anemia e leucocitose foram detectadas em animais positivos. A analise filogenética indicou que o hemoplasma
detectado estava posicionado entre ‘Ca. Mycoplasma haemodidelphis’ detectado em D. virginiana da América
do Norte e hemoplasmas recentemente detectados em D. aurita do estado de Minas Gerais, Brasil. Este estudo
indica a existéncia de infec¢des por hemoplasmas em D. aqurita, da regido metropolitana do Rio de Janeiro, e
reforca a necessidade de novos inquéritos epidemiolégicos, para esclarecer a participacdo destes na dinamica
de circulagdo de patégenos transmitidos por carrapatos.

Palavras-chave: Hemotrépico, Mycoplasma spp., gambas, hemoplasmose, vida selvagem.

Introduction

Didelphis aurita Wied-Neuwied, 1826, popularly known as black-eared opossum, is one of the most common
species of marsupials in the Neotropics, inhabited from northeastern Brazil to northeastern Argentina. It is found
mainly in forested areas with low altitudes (Hershkovitz, 1969) and, despite being omnivorous, their food is
predominantly composed of insects and other invertebrates (Caceres, 2004).

Opossums (Didelphis sp.) are among the most ecologically important wild mammals in the Americas and play
a key role in insect control and seed dispersal (Bezerra-Santos et al., 2021). These mammals are also classified
as synanthropic animals since they have adapted to urban environments, as a result of environmental changes
that occurred during the intensification of the urbanization process (Gongalves et al., 2021). These marsupials are
suggested as possible reservoirs of zoonotic protozoans, such as Leishmania sp. and Trypanosoma sp., and once
inserted in unusual ecological niches, contribute to changes in the dynamics of transmission of these and other
pathogens previously restricted to wild environments (Price et al., 2019; Carreira et al., 2012).

Hemotropic mycoplasmas (hemoplasmas) are Gram-negative pleomorphic bacteria that adhere to the
erythrocyte surface of mammals, causing hemolytic anemia of several degrees (Messick, 2004). The mechanisms
of natural transmission in animals have not yet been fully elucidated. To date, hemoplasmas known to infect
Didelphis are ‘Candidatus Mycoplasma haemoalbiventris’, described in white-eared opossums (D. albiventris) in
the south and central-west regions of Brazil (Massini et al., 2019; Goncalves et al., 2020; Pontarolo et al., 2021;
Oliveira et al., 2021) and black-eared opossums (D. aurita) in southeastern Brazil (Orozco et al., 2022). Additionally,
‘Candidatus Mycoplasma haemodidelphis’ have been detected in the Virginia opossum (D. virginiana) from USA
(Messick et al., 2002).

Mycoplasma infections are described in many species of wild mammals in Brazil, such as vampire bats (Correia
dos Santos et al., 2020), rodents (Gongalves et al., 2015), among others. The prevalence of parasitic inclusions
in rodent and marsupial red blood cells was 17.4% (Silva et al., 2007). In molecular assays, the prevalence of
hemoplasma infection observed in free-living capybaras and monkeys from Brazilian Atlantic Forest was higher
than direct observation, with values of 76.47% and 66.7%, respectively (Vieira et al., 2021; Ramalho et al., 2017).
Distinct population characteristics in addition to the different diagnostic techniques employed may influence the
frequency of mycoplasma infection in different Brazilian regions (Biondo et al., 2009).

Considering the proximity of Didelphis sp. to urban environments, as well as their potential to harbor infectious
agents of importance in human and animal health, the present study aimed to investigate the occurrence and
molecular identity of hemoplasmas in peripheral blood samples from recued black-eared opossums (Didelphis aurita)
from the metropolitan region of Rio de Janeiro, southeastern Brazil.

Material and Methods

Sampling

From August 2020 to July 2021, a total of 15 adult (ten females and five males) black-eared-opossums
(Didelphis aurita) selected by non-probability convenience, were received at two rescue centers of the metropolitan
region of Rio de Janeiro: “Centro de Triagem de Animais Silvestres” (CETAS-RJ) and “Centro de Reabilitacdo de Animais
Silvestres” at Universidade Estacio de S& (CRAS UNESA-RJ), state of Rio de Janeiro, southeastern Brazil. CETAS-RJ
is located in Seropédica municipality (22°45014" S and 42°52055" W), which is surrounded by Atlantic forest and
where there is a Nature Conservation Unit (Mario Xavier National Forest) of 43 hectares. On the other hand, CRAS
UNESA-R] is located in an urbanized area. Animals rescued in the regions nearby were directed to these sites.
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Out of the 15 animals rescued, seven (46,67%) were adult females, three (20%) sub-adult females, three (20%)
adult males and two (13,33%) sub-adult males. Blood samples were collected by venipuncture of the tail vein and
preserved in ethylenediaminetetraacetic acid (EDTA)-treated tubes. Subsequently, blood samples were used for
hematological analysis and an aliquot was stored at -20 °C until further use for molecular investigation.

The animals were clinically examined by general and specific clinical examinations (Nascimento & Horta, 2014).
Visual inspection for ectoparasites (ticks and fleas) was also performed and classification carried out according to
previously described morphological taxonomic keys (Linardi & Santos, 2012).

Hematological analysis

Hematological parameters were determined manually as described by Jain (1993). Packed cell volume (PCV) was
determined by the microhematocrit technique and total plasma protein (TPP) concentration determined by using
a refractometer. Differential leukocyte counts were performed manually on Diff Quick-stained (Laborclin, Brazil)
thin blood films, using an optical microscope, with immersion objective lens magnification of 1000x. Blood count
data were expressed through the mean and standard deviation (SD). For comparison of data, reference values
were considered as determined by Casagrande et al. (2009) and Orozco et al. (2022).

DNA extraction and quality assessment

DNA was extracted from 200 pL of blood samples using the DNeasy® Blood&Tissue Kit (Qiagen®, Valencia,
California - USA) according to the manufacturer's recommendations. To avoid false-negative results and monitor
DNA extraction, an internal control PCR for all samples based on the endogenous mammalian gene gapdh was
performed (Birkenheuer et al., 2003).

Molecular detection and characterization of hemoplasmas

Opossums' blood DNA samples were screened for hemoplasmas DNA using a PCR protocol targeting a fragment
(900 bp) of the 16S rRNA gene (Maggi et al., 2013a). Subsequently, the positive samples were submitted to a semi-
nested PCR assay based on a 1107 bp fragment of the 16S rRNA gene (Di Cataldo et al., 2020), as well as to a PCR
targeting fragments of the 23S rRNA (800 bp) (Mongruel et al., 2020) and RNAse P (165 bp) (Maggi et al., 2013b) genes
(Table 1). Only amplicons obtained from the semi-nested PCR based on the 16S rRNA gene and from PCR based

Table 1. Description of primers, amplicon sizes and termal sequences used in conventional and nested PCR assays.

Agents Primer sequences (SII)?S Thermal sequences References
Hemoplasmas 94°C for 2 minutes Maggi et al. (2013a)
(16S rRNA gene) 900
- HemMycop16S-41s 5'-GYATGCMTAAYACATGCAAGTCGARCG-3' 55 cycles: 94°C for 15
seconds, 68°C for 15 seconds
and 72°C for 18 seconds
- HemMyco165-938as 5'-CTCCACCACTTGTTCAGGTCCCCGTC-3' 72°C for 1 minute
Hemoplasmas (16S rRNA gene) 1428 95°C for 5 minutes Di Cataldo et al. (2020)
External primers
- HemoF1 5-AGAGTTTGATCCTGGCTCAG-3' 35 cycles: 95°C for 30
seconds, 57°C for 30 seconds
and 72°C for 1 minute
- HemoR2 Internal primers 5-TACCTTGTTACGACTTAACT-3' 72°C for 10 minutes
- HemoF2 1107
- HemoR2 5'-ATATTCCTACGGGAAGCAGC-3'
Hemoplasmas (23S rRNA gene) 800 94°C for 3 minutes Mongruel et al. (2020)
-23S_HAEMO_F 5'- TGAGGGAAAGAGCCCAGAC-3' 35 cycles: 94°C for 30
seconds, 54°C for 30 seconds
and 72°C for 1 minute
-23S_HAEMO_R 5'- GGACAGAATTTACCTGACAAGG-3' 72°C for 10 minutes
Hemoplasmas (RNAse P gene) 165 95°C for 2 minutes Maggi et al. (2013b)
HemoMycoRNaseP30S 5'- GATKGTGYGAGYATATAAAAAATAAARCTCRA C-3' 55 cycles: 94°C for 15
seconds, 59°C for 15 seconds
and 78°C for 18 seconds
HemoMycoRNaseP200 as 5'-GMGGRGTTTACCGCGTTTCAC-3' 72°C for 30 seconds
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on the 23S rRNA gene were sequenced. The assays were performed using 5 pL of the DNA samples in a mixture
containing 1.5U Platinum Taq DNA Polymerase (Invitrogen, Carlsbad, California, USA), PCR buffer (PCR buffer 10 X -
100 nM Tris-HCl, pH 9.0, 500 mM KCl), 0.8 mM deoxynucleotides (dATP, dTTP, dCTP, and dGTP) (Invitrogen, Carlsbad,
California, United States), 1.0 mM of Magnesium chloride (Invitrogen, Carlsbad, CA, United States), 0.3 pM of each
primer (Invitrogen), and sterile ultrapure water (Invitrogen) g.s. 25 pL. In the semi-nested PCR assay, 1 yL of the
amplified product from the first PCR reaction was used as the template in the second reaction. Mycoplasma suis
DNA sample obtained from naturally infected pigs (Gatto et al., 2019) and ultrapure sterile water were used as
positive and negative controls, respectively, in all PCR assays for hemoplasmas.

Agarose gel electrophoresis

The products obtained in PCR assays were separated by horizontal electrophoresis on a 1% agarose gel stained
with ethidium bromide (Life Technologies™, Carlsbad, CA, USA) in TEB running buffer pH 8.0 (44.58 M Tris-base;
0, 44 M boric acid; 12.49 mM EDTA) at 100 V/150 mA for 50 min. To determine the size of amplified products, a
100 base pair molecular weight marker (Life Technologies®) was used. The gels were imaged under ultraviolet
light (ChemiDoc MP Imaging System, Bio Rad™, Hercules, CA, USA) using the Image Lab Software v4.1 (Biorad,
Hercules, CA, USA).

Purification of PCR amplified products and sequencing

The amplified products were purified using Wizard® SV Gel kit and PCR Clean-Up System (Promega), according
to the manufacturer's recommendations. The sequencing was carried out using the dideoxynucleotide chain
termination method (Sanger et al., 1977), conducted in the ABI PRISM 3700 DNA Analyzer sequencer (Applied
Biosystems®) at the Centro de Recursos Bioldgicos e Biologia Gendmica (CREBIO - Faculdade de Ciéncias Agrarias
e Veterinarias - UNESP/Campus de Jaboticabal).

Phylogenetic analysis

The sequences obtained were submitted to a quality-screening test using Phred-Phrap software (version 23)
(Ewing et al., 1998) to evaluate the quality of the electropherograms and to obtain the consensus sequences
from the alignment of the sense and antisense sequences. The BLASTn program (Altschul et al., 1990) was used
to compare the obtained nucleotide sequences with previously deposited sequences in the GenBank database
(Benson et al., 2005). The sequences saved in “FASTA" format were aligned with other homologous sequences of
each agent retrieved from the database (Genbank), using the Mafft software (Katoh & Standley, 2013) and edited
via Bioedit v. 7.0.5.3 (Hall, 1999). W-IQ-Tree software was used for the choice of the evolutionary model following
Akaike criterion and for phylogenetic analysis by the Maximum Likelihood method (Trifinopoulos et al., 2016),
while clade support indices were evaluated through bootstrap analyses (Felsenstein, 1985) of 1000 repetitions.
The editing of phylogenetic trees as well as rooting (via outgroup) were performed using the Treegraph 2.0.56-
381 beta software (Stover & Muller, 2010).

Genetic diversity and genotype network

The genetic diversity analysis for the 16S rRNA gene were performed with the alignment of hemotropic
Mycoplasma sp. sequences detected in opossums from Brazil and worldwide. This alignment was used to calculate
the nucleotide diversity (1), polymorphism level (diversity of haplotypes [Dh], number of haplotypes [h], and the
average number of nucleotide differences [K]), using DnaSP v5 software (Librado & Rozas, 2009). The Genotype
network was constructed in POpART, using the TCS inference method (Clement et al., 2000; Huson & Bryant, 2006).

Results

Attime of sampling, animals were not infested with ticks and only three (20%) black-eared opossums presented
fleas (Ctenocephalides felis felis). The mean and range values obtained in hematological analysis of black-eared
opossums (D. aurita) are summarized in Table 2. Ten (66%) animals presented hematocrit, hemoglobin and red
blood cell counts below the mean values reported by Casagrande et al. (2009), and they were considered anemic.
Regarding the leukometry values, 73.3% of the animals presented values higher than the average reported by
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Table 2. Mean and Standard Deviation (SD) of the blood count (blood count) of black-eared opossums (Didelphis aurita) (n = 15)
and comparative values proposed by Casagrande et al. (2009) and Orozco et al. (2022).

Erythrocyte
Analyte Mean £ SD Range (Min-Max) References (Mean + SD)
Casagrande et al. (2009) QOrozco et al. (2022)
Red blood cells (x106/uL) 4.48 +1.98 2.19-10.30 430+ 1.55 4.31+1.06
Hemoglobin (d/dL) 8.68 +2.82 3.09-14.70 10.96 + 3.44 11.77 £1.99
PCV (%) 29.73+7.78 18.00 - 50.00 31.85+8.00 38.15 + 6.47
Total protein (g/dL) 6.41+1.29 4.00 - 8.00 8.49 £1.04 7.41 +0.85
MVC (fl) 76.03 +4.87 70.40 - 83.50 78.13+18.13 84.00 + 8.17
MCHC (%) 29.72£1.71 25.20-31.50 64.59 £ 8.12 30.91 £1.84
Leukocytes
Analyte Mean £ SD Range (Min-Max)
Leukocytes (/pl) 12080.00 + 6308.97 1700 - 21800 8205 + 4950 14596.67 + 6200.58
Neutrophils (/pl) 6281.60 + 3280.66 884 -11336 2761 + 2966 6755.37 +3614.52
Lymphocytes (/pl) 4865.13 + 2420.34 583 -9932 3653 + 2431 5306.87 + 2499.46
Monocytes (/pl) 304.13 £ 388.04 45 -1593 363.2 + 308.7 416.43 £ 493.10
Eosinophils (/pl) 1425.46 + 1251.52 218 -4180 1362+ 1114 1790.77 £ 1603.63
Basophils (/pl) 105.26 + 148.70 0-452 65.90 + 127.0 202.30 + 246.69
Platelets

Analyte

Mean £ SD

Range (Min-Max)

Platelets (x103/uL)

408.533 + 274.713

199.000 - 1.000.000

284.96 + 173.23

Casagrande et al. (2009). A total of ten blackeared opossums presented different clinical alterations: ophthalmologic
lesions, electric shock burns, skin lesions, lymphadenomegaly, traumatic lesions, parasitic infestations, hemorrhages
and neurological disorders.

The mammalian endogenous gapdh gene was consistently amplified in all samples. Hemoplasma DNA was
detected in 20% (3/15) of the blood samples tested by PCR based on 16S rRNA gene in this study, which originated
from two adult females and one adult male from CETAS-R]. Additionally, all three blood samples were positive in
PCR assays based on the 16S rRNA (fragment of approximately 1,107 bp) and 23S rRNA genes. No samples were
positive for the RnaseP gene.

The three PCR positive black-eared opossums presented traumatic lesions on physical examination, as well as
anemia and leucocytosis.

Despite three rescued animals were positive, only two samples of 16S rRNA and 23S rRNA were successfully
sequenced. The BLASTn analyses showed that the sequences obtained in the present study for 16S rRNA gene
were identical to the sequence of ‘Candidatus Mycoplasma haemoalbiventris’ detected in black-eared opossum
from Brazil. Whereas, the 23S rRNA sequences had approximately 99% identity with ‘Candidatus Mycoplasma
haemoalbiventris detected in white-eared opossum (Table 3).

All 16S rRNA sequences obtained were deposited in Genbank under the following accession numbers: ON921333,
ON921332. In addition, the 23S rRNA sequences obtained were deposited under the following accession numbers:
ON920560, ON920559.

The phylogenetic analysis inferred by Maximum Likelihood (ML) method and TVMe+I+G evolutionary model
based on an alingment of 841 pb the 16S rRNA gene positioned the sequences obtained from D. aurita in a separate
clade from the others, together with sequences previously detected in opossums. This clade was positioned within
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Table 3. nBLAST analysis results for the obtained hemoplasma 16S and 23S rRNA sequences from black-eard opossums (Didelphis
aurita) blood samples.

q o Query q
Species Identify (ID) Target Sequence T Identity .

Jlocalization gene length (bp) cov(c:/:;\ge E-Value (%) GenBank accession numbers
Didelphis aurita 7S / 16S rRNA 813 100% 0 100%  ‘Ca. Mycoplasma haemoalbiventris’ sp. -
CETAS-RJ Didelphis aurita from Brazil (OP279617)
Didelphis aurita 7S / 23S rRNA 585 99% 0 99.49% ‘Ca. Mycoplasma haemoalbiventris'
CETAS-RJ - Didelphis albiventris from Brazil

(MN442084)
Didelphis aurita 22S / 16S rRNA 746 100% 0 100%  ‘Ca. Mycoplasma haemoalbiventris’ sp. -
CETAS-RJ Didelphis aurita from Brazil (OP279617)
Didelphis aurita 22S / 23S rRNA 546 100% 0 99,45% ‘Ca. Mycoplasma haemoalbiventris’
CETAS-RJ - Didelphis albiventris from Brazil
(MN442084)

the Mycoplasma suis group and was subdivided into two sub-clades: while the first one comprised ‘Candidatus
Mycoplasma haemodidelphidis’ previously detected in the Virginia opossum (Didelphis virginiana) from USA together
with four sequences obtained in D. aurita from Brazil (two detected in the present study and two detected in
opossums from Minas Gerais), with a bootstrap of 92%, the second sub-clade comprised ‘Ca. M. haemoalbiventris
previously detected in D. albiventris from central-western and southern Brazil, with a bootstrap of 60% (Figure 1).

100 — Mycoplasma suis, Sus scrofa domesticus, Japan (AB610849)
 Mycoplasma parvum, Sus scrofa, USA (NR_121759)

‘Ca. M. kahanei', Saimiri sciureus, French Guiana (AF338269)
99E ‘Ca. M. haematomaximus', Priodontes maximus, Brazil (OK584820)
‘Ca. M. haematotetradactyla’, Tamandua tetradactyla, Brazil (OK584819)

‘Ca. M. haemodidelphidis’, Didelphis virginiana, USA (AF178676)
Mycoplasma sp., Didelphis aurita - 7, Brazil (ON921333)
Mycoplasma sp., Didelphis aurita - 22, Brazil (ON921332)
‘Ca. M. haemoalbiventris', Didelphis aurita, Brazil (OP279617)
‘Ca. M. haemoalbiventris', Didelphis aurita, Brazil (OP279616)
‘Ca. M. haemoalbiventris', Didelphis albiventris, Brazil (MH158515)
‘Ca. M. haemoalbiventris', Didelphis albiventris, Brazil (MH158514)
‘Ca. M. haemoalbiventris', Didelphis albiventris, Brazil (MN423258) .
86— 'Ca. M. haemoalbiventris', Didelphis albiventris, Brazil (MN423260) — Suis group
‘Ca. M. haemoalbiventris', Didelphis albiventris, Brazil (MN423259)
‘Ca. M. haemoalbiventris', Didelphis albiventris, Brazil (MT170014)
‘Ca. M. haemoalbiventris', Didelphis albiventris, Brazil (MW703801)
‘Ca. M. haemoalbiventris', Didelphis albiventris, Brazil (MT170013)
_100] ‘Ca. M. haemoalbiventris', Didelphis albiventris, Brazil (MT170014)
‘Ca. M. haemoalbiventris', Didelphis albiventris, Brazil (MW703800)
rw_oo[: ‘Ca. M. haemovis', Ovis aries, Hungary (EU828581)
Mycoplasma ovis, human, USA (KF313922)
l—Mycoplasma wenyonii, cows, UK (DQ641256)
92 ‘Ca. M. haemomeles', Meles meles anakuma, Japan (AB848713)

\EE ‘Ca. M. haemominutum’, cat, USA (FJ004275)

100

‘Ca. M. haematoparvum’, dog, Switzerland (EF416569)
98— 'Ca. M. haematoterrestris', Tapirus terrestris, Brazi (OL985907) -
78— Mycoplasma haemofelis, cat, Brazil (EU930823)
% Mycoplasma haemocanis, dog, Brazil (HQ918287)
LE ‘Ca. M. haemobos', cattle, Cuba (MG948628)
‘Ca. M. haematotapirus', Tapirus terrestris, Brazil (OL985926) L H feli
100 — Mycoplasma sp., Nasua nasua, Brazil (MZ293799) aemorelis group
ca. M. haematohydrochaerus’, Hydrochoerus hydrochaeris, Brazil (MW616881)
99 — 'Ca. M. haemohominis', human, Engalnd (GU562823)
 Mycoplasma sp., wild rodent, Brazil (KT215621)
Mycoplasma pneumoniae (NR_113659)

Figure 1. Phylogenetic tree based on an alignment of 841 bp of Mycoplasma spp. 16S rRNA sequences, using Maximum Likelihood
method and TVMe+I+G evolutionary model. Sequences from the present study were highlighted in red Mycoplasma pneumonie
was used as an outgroup.

The phylogenetic analysis inferred by ML method and TN+G evolutionary model based on an alingment of 634 pb
the 23S rRNA gene positioned the two sequences detected herein into the ‘Ca. Mycoplasma haemoalbiventris'
clade, with a bootstrap of 100%. Unfortunately, ‘Candidatus Mycoplasma haemodidelphidis’ 23S rRNA sequences
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were not available in Genbank database until the moment the present study was written, precluding phylogenetic
relatedness between hemoplasma 23S rRNA sequences detected in black-eared opossums with the D. virginiana-
associated hemoplasma from the USA (Figure 2).

Mycoplasma ovis, sheep, Brazil (MN169109)
il Mycoplasma ovis, sheep, Brazil (MN169108)
9 Mycoplasma ovis, sheep, Brazil (MN169110)
85 Mycoplasma ovis, Odocoileus virginianus, Brazil (HQ197752)
% Mycoplasma ovis, Odocoileus virginianus, Brazil (HQ197751)
Mycoplasma wenyonii, cow, USA (NR_076982)
‘Ca. M. erythrocervae’, Cervus nippon yesoensis, Japan (KF306254)
‘Ca. M. haemominutum’, cat, United Kingdow (NC_021007)
‘Ca. M. haematotapirus’, Tapirus terrestris, Brazil (OM022258)
‘Ca. M. haematotapirus’, Tapirus terrestris, Brazil (OM022260)
‘Ca. M. haematotapirus’, Tapirus terrestris, Brazil (OM022259)
'‘Ca. M. haemozalophi', Zalophus californianus, USA (GU904996)
‘Ca. M. haemozalophi’, Zalophus californianus, USA (GU905006)
‘Ca. M. haemolamae', Vicugna pacos, USA (NR_076983)
Mycoplasma parvum, Sus scrofa, USA (NR_121958)
Mycoplasma parvum, Sus scrofa domesticus, Brazil (MT232827) .
Mycoplasma suis, Sus scrofa domesticus, Brazil (MT530439) — Suis group
Mycoplasma suis, Sus scrofa domesticus, USA (NR_103970)
‘Ca. M. haemoalbiventris', Didelphis albiventris, Brazil (MN442085)
‘Ca. M. haemoalbiventris', Didelphis albiventris, Brazil (MN442082)
‘Ca. M. haemoalbiventris', Didelphis albiventris, Brazil (MN442081)
‘Ca. M. haemoalbiventris', Didelphis albiventris, Brazil (MN442083)
‘Ca. M. haemoalbiventris', Didelphis albiventris, Brazil (MW694787)
‘Ca. M. haemoalbiventris', Didelphis albiventris, Brazil (MW694786)
‘Ca. M. haemoalbiventris', Didelphis albiventris, Brazil (MN442084)
Mycoplasma sp., Didelphis aurita - 22, Brazil (ON920560)
Mycoplasma sp., Didelphis aurita - 7, Brazil (ON920559)
‘Ca. M. haematotetradactyla', Tamandua tetradactyla, Brazil (OK569852)
'‘Ca. M. haematomaximus', Priodontes maximus, Brazil (OK569853)
‘Ca. M. haematomaximus', Priodontes maximus, Brazil (OK569854)
‘Ca. M. haematomaximus', Priodontes maximus, Brazil (OK569855)
'‘Ca. M. haematomaximus', Priodontes maximus, Brazil (OK569856)
Mycoplasma haemocanis, dog, USA (NR_076944)
Mycoplasma haemofelis, cat, Canada (NR_103993)
‘Ca. M. haematoterrestris’, Tapirus terrestris, Brazil (OM022255)
‘Ca. M. haematoterrestris’, Tapirus terrestris, Brazil (OM022257)
‘Ca. M. haematohydrochaerus', Hydrochaerus hydrochaeris, Brazil (MW617219)
‘Ca. M. haematohydrochaerus’, Hydrochaerus hydrochaeris, Brazil (MW617217) S H
‘Ca. M. haematohydrochaerus’, Hydrochaerus hydrochaeris, Brazil (MW617218) H aemOfe I IS g rou p
Mycoplasma sp., Nasua nasua, Brazil (MZ297961)
Mycoplasma sp., Nasua nasua, Brazil (MZ297960)
Mycoplasma sp., Coendou villosus, Brazil (MN692881)
Mycoplasma sp., Coendou villosus, Brazil (MN164485)
Mycoplasma pneumoniae (NR_077056)

Figure 2. Phylogenetic tree based on an alignment of 634 bp of Mycoplasma spp. 23S rRNA sequences, using Maximum Likelihood
method and TN+G as evolutionary model. Sequences from the present study were highlighted in red. Mycoplasma pneumonie
was used as an outgroup.

The genotype analysis based on the alignment of 18 hemotropic Mycoplasma sp. 16S rRNA sequences detected
in opossums from Brazil and USA indicated the presence of three genotypes with nucleotide diversity ()= 0.00162,
haplotype diversity (dh) = 0.307, number of variable sites (VS) = 9, the average number of nucleotide differences
(K) =1.18301 and percentage of G+C content = 54.5%. The two sequences detected in the black-eared opossums
sampled in the present study comprised a single genotype together with the two sequences obtained in opossums
of the same species in Minas Gerais (Genotype #3). While genotype #1 comprised only the ‘Ca. Mycoplasma
haemodidelphidis’ sequence detected in the USA and differed from genotype #3 from several mutational events,
the genotype #2 comprised 15 ‘Ca. Mycoplasma haemoalbiventris’ sequences detected in D. albiventris from the
Brazilian states of Parana, Santa Catarina and Mato Grosso do Sul and differed from genotype #3 from a single
mutational event (Figure 3).

Discussion

In the present study, infection with hemotropic Mycoplasma spp. was found in 20% of the sampled black-eared
opossums. Previous studies have found higher hemoplasma prevalence rates (ranging from 32.5-87.5%) in white-
eared opossums from different geographic regions and biomes (Atlantic Forest and Cerrado) of Brazil (Massini et al.,
2019; Gongalves et al., 2020; Orozco et al., 2022; Pontarolo et al., 2021). Differences in environment conditions may
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Figure 3. TCS network of 16S rRNA sequences performed with POpART v.1.7. software. The size of the circles varies according to
the number of sequences belonging to each genotype and each color represents the location where each sequence was detected.

influence habits and behavior of the opossums, and threfore, their exposure to hemoplasmas, which may explain
the low percentage of positive animals found herein.

Although opossums of this study were rescued from the same Brazilian biome, there is great variation in the
microenvironments where both wild animal screening centers are located. Such variations might have favored
the occurrence of hemoplasmas, justifying the positivity observed only in animals rescued from CETAS-RJ, which is
surrounded by the Atlantic Forest and not so closely located to urban areas. In fact, differences in the prevalence
of hemotropic mycoplasmas in other species can be attributed to several factors, such as climate and habitats
(Pontarolo et al., 2021). Additionally, a previous study has shown that raccoons and guignas from undisturbed
habitats were more likely to be infected by hemoplasmas than animals from urban areas (Volokhov et al., 2017;
Sacristan et al., 2019).

During the inspection of the opossums, ticks were not found parasitizing the sampled animals. On the other
hand, hemoplasma positive white-eared opossums from the states of Parana (Massini et al., 2019) and Mato Grosso
do Sul (Gongalves et al., 2020) were infested by Amblyomma dubitatum ticks. However, hemotropic Mycoplasma spp.
DNA were not found in A. dubitatum ticks infesting ‘Ca. M. haemoalbiventris'-positive opossums from midwestern
Brazil (Goncalves et al., 2020). Recently, a high occurrence of ‘Ca. M. haemoalbiventris’ was found in D. aurita from
Minas Gerais State, although infection was also not associated with the presence of ectoparasites (Orozco et al.,
2022). Herein, Ctenocephalides felis felis fleas were found parasitizing three animals, although they were not PCR
positive for hemotropic Mycoplasma spp. Previous studies have pointed out that white-eared opossums are
frequently parasitized by C. felis fleas (Nascimento & Horta, 2014; Pontarolo et al., 2021), although there has not
been enough evidence to support the hypotheses that hemotropic mycoplasmas are truly vector-borne pathogens
to date. Indeed, Alcantara et al. (2022) did not find association between hemoplasmas, bats and ectoparasites by
Multilayer network analyses, suggesting that hemoplasmas may be transmitted by alternative routes yet to be
elucidated.

Phylogenetic analysis based on the 16S rRNA gene sequences showed that the hemoplasma genotype detected
in the opossums was positioned between ‘Ca. Mycoplasma haemodidelphidis’ detected in D. virginiana from
North America and ‘Ca. Mycoplasma haemoalbiventris’ recently detected in D. qurita in the state of Minas Gerais,
southeastern Brazil. Interestingly, the genotype network analysis showed that D. aurita-associated hemoplasma
genotypes were shared by black-eared opossums from Minas Gerais and Rio de Janeiro. Neotropical black-eared
opossums comprise two allopatric species: D. aurita and D. marsupialis (Cerqueira & Lemos, 2000). Both species tend
to inhabit low-altitude regions with more preserved forest areas, which could hypothetically indicate a circulation of
other hemoplasma species closely related in these individuals. Future studies aiming at investigating the genotype
diversity of hemoplasma in D. aurita, D. marsupialis and D. albiventris from different Brazilian geographic regions
will contribute to the understanding of the genetic diversity of this group of bacteria in marsupials from Brazil.
A possible co-evolution between hemoplasmas and different Didelphidae is yet to be elucidated.

Although 66.6% of the black-eared opossums positive for hemoplasmas in the present study presented
traumatic lesions, such finding is non-specific and must be related to their exposure to urban environments.
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However, Barker et al. (2010) suggests increased prevalence of hemoplasma in Tosas (Japanese fighting dogs)
due to ingestion of infected blood during aggressive contact. The anemia detected in all positive opossums is
probably associated to other causes, such as inflammatory or chronic conditions, as all D. aurita of the present
study presented such hematological finding. Platelet and plasma protein values found in hemoplasma positive
animals were within the reference value, corroborating with Orozco et al. (2022). The white blood cell count of these
animals revealed leukocytosis, a finding closely related to inflammatory conditions or systemic stress mediated
by cortisol (Herrero-Cervera et al., 2022). Indeed, clinical alterations in the sampled animals were detected.
Reports correlating concomitant diseases or situations of immunosuppression with the occurrence of infections
by hemotropic mycoplasmas have already been described mainly in dogs and cats (Messick, 2004). To date, there
are no reports in the literature that correlate the occurrence of infections by hemotropic Mycoplasma spp. with the
presence of concomitant diseases in Didelphis sp. As so, whether infection by these agents may cause or predispose
clinical disease in D. aurita remains to be fully established.

Conclusion

Phylogenetic analysis of the 16S rRNA gene sequences showed that the hemoplasma detected in the black-
eared opossums'’ blood samples from Rio de Janeiro was positioned between ‘Ca. Mycoplasma haemodidelphis’
detected in D. virginiana from North American and hemoplasmas recently detected in D. aurita from the state of
Minas Gerais, Brazil. According to the Genotype Network Analysis, D. aurita specimes from the states of Minas Gerais
and Rio de Janeiro share the same hemoplasma 16S rRNA genotype. Whole genome sequencing of opossums-
associated hemoplasmas should be conducted aiming at shedding light in the real identity and species definition
of hemotropic-Mycoplasma spp. infecting marsupials.

Acknowledgements

The authors are thankful to CNPq (National Council for Scientific and Technological Development) for the
Productivity Grant to MRA (CNPq Process #303701/2021-8) and Coordenacado de Aperfeicoamento de Pessoal
de Nivel Superior (CAPES) for the students’ fellowships at the time of this study.

Ethics declaration

Blood samples from opossums in this study were obtained following the directions of the “Instituto Chico
Mendes de Conservagdo da Biodiversidade” (license number 76330-1) and the Ethics Committee of Universidade
Estacio de Sa (number 009/ 2021).

Conflict of interest

The authors declare that they have no known competing financial interests or personal relationships that could
have appeared to influence the work reported in this paper.

References

Alcantara DMC, lkeda P, Souza CS, de Mello VVC, Torres JM, Lourenco EC, et al. Multilayer networks assisting to untangle direct
and indirect pathogen transmission in bats. Microb Ecol 2022; ahead of print. http://dx.doi.org/10.1007/s00248-022-02108-3.
PMid:36166070.

Altschul SF, Gish W, Miller W, Myers EW, Lipman D). Basic local alignment search tool. / Mol Biol 1990; 215(3): 403-410. http://
dx.doi.org/10.1016/50022-2836(05)80360-2. PMid:2231712.

Barker EN, Tasker S, Day MJ, Warman SM, Woolley K, Birtles R, et al. Development and use of real-time PCR to detect and quantify
Mycoplasma haemocanis and “Candidatus Mycoplasma haematoparvum” in dogs. Vet Microbiol 2010; 140(1-2): 167-170. http://
dx.doi.org/10.1016/j.vetmic.2009.07.006. PMid:19646827.

Benson DA, Karsch-Mizrachi |, Lipman D), Ostell J, Wheeler DL. GenBank. Nucleic Acids Res 2005; 33(Database issue): D34-D38.
http://dx.doi.org/10.1093/nar/gki063. PMid:15608212.

Braz ] Vet Parasitol 2023; 32(2): e016422 9/12


https://doi.org/10.1007/s00248-022-02108-3
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=36166070&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=36166070&dopt=Abstract
https://doi.org/10.1016/S0022-2836(05)80360-2
https://doi.org/10.1016/S0022-2836(05)80360-2
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=2231712&dopt=Abstract
https://doi.org/10.1016/j.vetmic.2009.07.006
https://doi.org/10.1016/j.vetmic.2009.07.006
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19646827&dopt=Abstract
https://doi.org/10.1093/nar/gki063
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15608212&dopt=Abstract

Hemoplasmas in Didelphis aurita from Brazil

Bezerra-Santos MA, Ramos RAN, Campos AK, Dantas-Torres F, Otranto D. Didelphis spp. opossums and their parasites in the
Americas: a One Health perspective. Parasitol Res 2021; 120(12): 4091-4111. http://dx.doi.org/10.1007/s00436-021-07072-4.
PMid:33788021.

Biondo AW, dos Santos AP, Guimardes AMS, Vieira RFC, Vidotto O, Macieira DB, et al. A review of the occurrence of hemoplasmas
(hemotrophic mycoplasmas) in Brazil. Rev Bras Parasitol Vet 2009; 18(3): 1-7. http://dx.doi.org/10.4322/rbpv.01803001.
PMid:19772768.

Birkenheuer A, Levy MG, Breitschwerdt EB. Development and evaluation of a seminested PCR for detection and differentiation
of Babesia gibsoni (Asian genotype) and B. canis DNA in canine blood samples. J Clin Microbiol 2003; 41(9): 4172-4177. http://
dx.doi.org/10.1128/JCM.41.9.4172-4177.2003. PMid:12958243.

Caceres NC. Diet of three didelphid marsupials (Mammalia, Didelphimorphia) in Southern Brazil. Mamm Biol 2004; 69(6): 430-
433. http://dx.doi.org/10.1078/1616-5047-00165.

Carreira JCA, da Silva AVM, de Pita Pereira D, Brazil RP. Natural infection of Didelphis aurita (Mammalia: Marsupialia) with Leishmania
infantum in Brazil. Parasit Vectors 2012; 5: 111. http://dx.doi.org/10.1186/1756-3305-5-111. PMid:22676324.

Casagrande RA, de Oliveira Cesar M, Horta MC, Rossi S, Teixeira RH, Matushima ER. Perfil hematoldgico de gambas Didelphis
aurita e D. albiventris do Estado de S&o Paulo, Brasil. Acta Sci Biol 2009; 31(2): 185-189. http://dx.doi.org/10.4025/actascibiolsci.
v31i2.7007.

Cerqueira R, Lemos B. Morphometric differentiation between Neotropical black-eared opossums, Didelphis marsupialis and
D. aurita (Didelphimorphia, Didelphidae). Mammalia 2000; 64(3): 319-327. http://dx.doi.org/10.1515/mamm.2000.64.3.319.

Clement M, Posada D, Crandall K. TCS: a computer program to estimate gene genealogies. Mo/ Ecol 2000; 9(10): 1657-1659.
http://dx.doi.org/10.1046/j.1365-294x.2000.01020.x. PMid:11050560.

Correia dos Santos L, Vidotto O, dos Santos NJR, Ribeiro J, Pellizzaro M, dos Santos AP, et al. Hemotropic mycoplasmas
(hemoplasmas) in free-ranging bats from Southern Brazil. Comp Immunol Microbiol Infect Dis 2020; 69: 101416. http://dx.doi.
org/10.1016/j.cimid.2020.101416. PMid:31931453.

Di Cataldo S, Hidalgo-Hermoso E, Sacristan I, Cevidanes A, Napolitano C, Hernandez CV, et al. Hemoplasmas are endemic and
cause asymptomatic infection in the endangered darwin’s fox (Lycalopex fulvipes). App! Environ Microbiol 2020; 86(12): e00779-e820.
http://dx.doi.org/10.1128/AEM.00779-20. PMid:32276983.

Ewing B, Hillier L, Wendl MC, Green P. Base-calling of automated sequencer traces using phred. |. Acuracy Assessement. Genome
Res 1998; 8(3): 175-185. http://dx.doi.org/10.1101/gr.8.3.175. PMid:9521921.

Felsenstein J. Confidence limits on phylogenies: an approach using the bootstrap. Evolution 1985; 39(4): 783-791. http://dx.doi.
org/10.2307/2408678. PMid:28561359.

Gatto IRH, Sondlio K, Amaral RBD, Morés N, Dalla Costa OA, André MR, et al. High frequency and molecular characterization
of porcine hemotrophic mycoplasmas in Brazil. Vet Microbiol 2019; 231: 33-39. http://dx.doi.org/10.1016/j.vetmic.2019.02.024.
PMid:30955820.

Goncalves LR, Herrera HM, Nantes WAG, Santos FM, Porfirio GEO, Barreto WTG, et al. Genetic diversity and lack of molecular
evidence for hemoplasma cross-species transmission between wild and synanthropic mammals from Central-Western Brazil.
Acta Trop 2020; 203: 105303. http://dx.doi.org/10.1016/j.actatropica.2019.105303. PMid:31857081.

Gongalves LR, Paludo G, Bisol TB, Perles L, de Oliveira LB, de Oliveira CM, et al. Molecular detection of piroplasmids in synanthropic
rodents, marsupials, and associated ticks from Brazil, with the phylogenetic inference of a putative novel Babesia sp. from white-
eared opossum (Didelphis albiventris). Parasitol Res 2021; 120(10): 3537-3546. http://dx.doi.org/10.1007/s00436-021-07284-8.
PMid:34448058.

Gongalves LR, Roque AL, Matos CA, Fernandes SJ, Olmos IDF, Machado RZ, et al. Diversity and molecular characterization of
novel hemoplasmas infecting wild rodents from different Brazilian biomes. Comp Immunol Microbiol Infect Dis 2015; 43: 50-56.
http://dx.doi.org/10.1016/j.cimid.2015.10.006. PMid:26616660.

Hall TA. BioEdit: a user-friendly biological sequence alignment editor and analysis program for Windows 95/98/NT. Nucleic Acids
Symp Ser 1999; 41: 95-98.

Herrero-Cervera A, Soehnlein O, Kenne E. Neutrophils in chronic inflammatory diseases. Cell Mol Immunol 2022; 19(2): 177-191.
http://dx.doi.org/10.1038/s41423-021-00832-3. PMid:35039631.

Hershkovitz P. The recent mammals of the neotropical region: a zoogeographic and ecological review. Q Rev Biol 1969; 44(1):
1-70. http://dx.doi.org/10.1086/405975.

Huson DH, Bryant D. Application of phylogenetic networks in evolutionary studies. Mol Biol Evol 2006; 23(2): 254-267. http://
dx.doi.org/10.1093/molbev/msj030. PMid:16221896.

Braz ] Vet Parasitol 2023; 32(2): e016422 10/12


https://doi.org/10.1007/s00436-021-07072-4
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33788021&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33788021&dopt=Abstract
https://doi.org/10.4322/rbpv.01803001
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19772768&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19772768&dopt=Abstract
https://doi.org/10.1128/JCM.41.9.4172-4177.2003
https://doi.org/10.1128/JCM.41.9.4172-4177.2003
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=12958243&dopt=Abstract
https://doi.org/10.1078/1616-5047-00165
https://doi.org/10.1186/1756-3305-5-111
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22676324&dopt=Abstract
https://doi.org/10.4025/actascibiolsci.v31i2.7007
https://doi.org/10.4025/actascibiolsci.v31i2.7007
https://doi.org/10.1515/mamm.2000.64.3.319
https://doi.org/10.1046/j.1365-294x.2000.01020.x
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=11050560&dopt=Abstract
https://doi.org/10.1016/j.cimid.2020.101416
https://doi.org/10.1016/j.cimid.2020.101416
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31931453&dopt=Abstract
https://doi.org/10.1128/AEM.00779-20
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32276983&dopt=Abstract
https://doi.org/10.1101/gr.8.3.175
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=9521921&dopt=Abstract
https://doi.org/10.2307/2408678
https://doi.org/10.2307/2408678
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28561359&dopt=Abstract
https://doi.org/10.1016/j.vetmic.2019.02.024
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30955820&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30955820&dopt=Abstract
https://doi.org/10.1016/j.actatropica.2019.105303
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31857081&dopt=Abstract
https://doi.org/10.1007/s00436-021-07284-8
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34448058&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34448058&dopt=Abstract
https://doi.org/10.1016/j.cimid.2015.10.006
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26616660&dopt=Abstract
https://doi.org/10.1038/s41423-021-00832-3
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35039631&dopt=Abstract
https://doi.org/10.1086/405975
https://doi.org/10.1093/molbev/msj030
https://doi.org/10.1093/molbev/msj030
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16221896&dopt=Abstract

Hemoplasmas in Didelphis aurita from Brazil

Jain NC. Essentials of veterinary hematology. Philadelphia: Lea & Febiger; 1993.

Katoh K, Standley DM. MAFFT Multiple Sequence Alignment Software Version 7: improvements in performance and usability.
Mol Biol Evol 2013; 30(4): 772-780. http://dx.doi.org/10.1093/molbev/mst010. PMid:23329690.

Librado P, Rozas J. DnaSP v5: a software for comprehensive analysis of DNA polymorphism data. Bioinformatics 2009; 25(11):
1451-1452. http://dx.doi.org/10.1093/bioinformatics/btp187. PMid:19346325.

Linardi PM, Santos JLC. Ctenocephalides felis felis vs. Ctenocephalides canis (Siphonaptera: Pulicidae): some issues in correctly identify
these species. Rev Bras Parasitol Vet 2012; 21(4): 345-354. http://dx.doi.org/10.1590/51984-29612012000400002. PMid:23295817.

Maggi RG, Chitwood MC, Kennedy-Stoskopf S, DePerno CS. Novel hemotropic Mycoplasma species in white-tailed deer
(Odocoileus virginianus). Comp Immunol Microbiol Infect Dis 2013a; 36(6): 607-611. http://dx.doi.org/10.1016/j.cimid.2013.08.001.
PMid:24018179.

Maggi RG, Mascarelli PE, Havenga LN, Naidoo V, Breitschwerdt EB. Co-infection with Anaplasma platys, Bartonella henselae and
“Candidatus Mycoplasma haematoparvum” in a veterinarian. Parasit Vectors 2013b; 6(1): 103. http://dx.doi.org/10.1186/1756-
3305-6-103. PMid:23587235.

Massini PF, Drozino RN, Otomura FH, Mongruel ACB, Valente JDM, Toledo MJO, et al. Detection of hemotropic Mycoplasma sp.
in white-eared opossums (Didelphis albiventris) from Southern Brazil. Rev Bras Parasitol Vet 2019; 28(4): 797-801. http://dx.doi.
org/10.1590/51984-29612019058. PMid:31390439.

Messick JB, Walker PG, Raphael W, Berent L, Shi X. “Candidatus Mycoplasma haemodidelphidis” sp. nov., “Candidatus Mycoplasma
haemolamae” sp. nov. and Mycoplasma haemocanis comb. nov., Haemotrophic Parasites from a Naturally Infected Opossum
(Didelphis virginiana), Alpaca (Lama pacos) and dog (Canis familiaris): phylogenetic and secondary structural relatedness of their
16S RRNA genes to other mycoplasmas. IntJ Syst Evol Microbiol 2002; 52(Pt 3): 693-698. http://dx.doi.org/10.1099/00207713-52-
3-693. PMid:12054227.

Messick JB. Hemotrophic mycoplasmas (hemoplasmas): a review and new insights into pathogenic potential. Vet Clin Pathol
2004; 33(1): 2-13. http://dx.doi.org/10.1111/j.1939-165X.2004.tb00342.x. PMid:15048620.

Mongruel ACB, Spanhol VC, Valente JDM, Porto PP, Ogawa L, Otomura FH, et al. Survey of vector-borne and nematode parasites
involved in the etiology of anemic syndrome in sheep from Southern Brazil. Rev Bras Parasitol Vet 2020; 29(3): e007320. http://
dx.doi.org/10.1590/5s1984-29612020062. PMid:32935770.

Nascimento CC, Horta MC. Didelphimorphia (Gamba, Cuica). In: Cubas ZS, Silva JCR, Catdo-Dias JL. Tratado de animais selvagens.
2? ed. S3o Paulo: Roca; 2014. p. 761-788.

Oliveira RPA, Collere FCM, Ferrari LDR, Coradi VS, Soares NA, Leandro AS, et al. ‘Candidatus Mycoplasma haemoalbiventris’ and
tick-borne pathogens screening in white-eared opossums (Didelphis albiventris) from Curitiba and Foz do Iguacu Cities, Parana
State, Southern Brazil. Rev Bras Parasitol Vet 2021; 30(4): e€009721. http://dx.doi.org/10.1590/51984-29612021072. PMid:34495043.

Orozco AMO, Bento LD, Souto PC, Girardi FM, Nogueira BCF, Yamatogi RS, et al. ‘Candidatus Mycoplasma Haemoalbiventris’ and
Tick-Borne Pathogens in Black-Eared Opossum (Didelphis aurita) from Southeastern Brazil. Microorganisms 2022; 10(10): 1955.
http://dx.doi.org/10.3390/microorganisms10101955. PMid:36296231.

Pontarolo GH, Kuhl LF, Pedrassani D, Campos M, Figueiredo FB, Valente JDM, et al. ‘Candidatus Mycoplasma haemoalbiventris’,
a novel hemoplasma species in white-eared opossums (Didelphis albiventris) from Brazil. Transbound Emerg Dis 2021; 68(2): 565-
572. http://dx.doi.org/10.1111/tbed.13716. PMid:32644252.

Price SJ, Leung WTM, Owen CJ, Puschendorf R, Sergeant C, Cunningham AA, et al. Effects of historic and projected climate change
on the range and impacts of an emerging wildlife disease. Glob Chang Biol 2019; 25(8): 2648-2660. http://dx.doi.org/10.1111/
gcb.14651. PMid:31074105.

Ramalho AC, Guerra RR, Mongruel ACB, Vidotto O, Lucena RB, Guerra MVSF, et al. Mycoplasma sp. infection in captive
Marcgrave's capuchin monkeys (Sapajus flavius). Comp Immunol Microbiol Infect Dis 2017; 51: 34-36. http://dx.doi.org/10.1016/j.
¢imid.2017.03.003. PMid:28504092.

Sacristan |, Acufia F, Aguilar E, Garcia S, Lopez MJ, Cevidanes A, et al. Assessing cross-species transmission of hemoplasmas at
the wild-domestic felid interface in Chile using genetic and landscape variables analysis. Sci Rep 2019; 9(1): 16816. http://dx.doi.
org/10.1038/s41598-019-53184-4. PMid:31727935.

Sanger F, Air GM, Barrell BG, Brown NL, Coulson AR, Fiddes JC, et al. Nucleotide sequence of bacteriophage phi X174 DNA. Nature
1977; 265(5596): 687-695. http://dx.doi.org/10.1038/265687a0. PMid:870828.

Silva MAML, Ronconi A, Cordeiro N, Bossi DEP, Bergallo HG, Costa MCC, et al. Blood parasites, total plasma protein and packed
cell volume of small wild mammals trapped in three mountain ranges of the Atlantic Forest in Southeastern Brazil. Braz J Biol
2007; 67(3): 531-535. http://dx.doi.org/10.1590/51519-69842007000300019. PMid:18094837.

Braz ] Vet Parasitol 2023; 32(2): e016422 11/12


https://doi.org/10.1093/molbev/mst010
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23329690&dopt=Abstract
https://doi.org/10.1093/bioinformatics/btp187
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19346325&dopt=Abstract
https://doi.org/10.1590/S1984-29612012000400002
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23295817&dopt=Abstract
https://doi.org/10.1016/j.cimid.2013.08.001
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24018179&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24018179&dopt=Abstract
https://doi.org/10.1186/1756-3305-6-103
https://doi.org/10.1186/1756-3305-6-103
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23587235&dopt=Abstract
https://doi.org/10.1590/s1984-29612019058
https://doi.org/10.1590/s1984-29612019058
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31390439&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=12054227&dopt=Abstract
https://doi.org/10.1111/j.1939-165X.2004.tb00342.x
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15048620&dopt=Abstract
https://doi.org/10.1590/s1984-29612020062
https://doi.org/10.1590/s1984-29612020062
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32935770&dopt=Abstract
https://doi.org/10.1590/s1984-29612021072
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34495043&dopt=Abstract
https://doi.org/10.3390/microorganisms10101955
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=36296231&dopt=Abstract
https://doi.org/10.1111/tbed.13716
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32644252&dopt=Abstract
https://doi.org/10.1111/gcb.14651
https://doi.org/10.1111/gcb.14651
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31074105&dopt=Abstract
https://doi.org/10.1016/j.cimid.2017.03.003
https://doi.org/10.1016/j.cimid.2017.03.003
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28504092&dopt=Abstract
https://doi.org/10.1038/s41598-019-53184-4
https://doi.org/10.1038/s41598-019-53184-4
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31727935&dopt=Abstract
https://doi.org/10.1038/265687a0
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=870828&dopt=Abstract
https://doi.org/10.1590/S1519-69842007000300019
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18094837&dopt=Abstract

Hemoplasmas in Didelphis aurita from Brazil

Stover BC, Muller KF. TreeGraph 2: combining and visualizing evidence from different phylogenetic analyses. BMC Bioinformatics
2010; 11: 7. http://dx.doi.org/10.1186/1471-2105-11-7. PMid:20051126.

TrifinopoulosJ, Nguyen LT, von Haeseler A, Minh BQ. W-IQ-TREE: a fast online phylogenetic tool for Maximum Likelihood Analysis.
Nucleic Acids Res 2016; 44(W1): W232-W235. http://dx.doi.org/10.1093/nar/gkw256. PMid:27084950.

Vieira RFC, Santos NJR, Valente JDM, Santos LP, Lange RR, Duque JCM, et al. ‘Candidatus Mycoplasma haematohydrochoerus’,
a novel hemoplasma species in capybaras (Hydrochoerus hydrochaeris) from Brazil. Infect Genet Evol 2021; 93: 104988. http://
dx.doi.org/10.1016/j.meegid.2021.104988. PMid:34214674.

Volokhov DV, Hwang J, Chizhikov VE, Danaceau H, Gottdenker NL. Prevalence, genotype richness, and coinfection patterns of
hemotropic mycoplasmas in raccoons (Procyon lotor) on environmentally protected and urbanized barrier Islands. App/ Environ
Microbiol 2017; 83(9): e00211-e00217. http://dx.doi.org/10.1128/AEM.00211-17. PMid:28258139.

Braz ] Vet Parasitol 2023; 32(2): e016422 12/12


https://doi.org/10.1186/1471-2105-11-7
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20051126&dopt=Abstract
https://doi.org/10.1093/nar/gkw256
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27084950&dopt=Abstract
https://doi.org/10.1016/j.meegid.2021.104988
https://doi.org/10.1016/j.meegid.2021.104988
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34214674&dopt=Abstract
https://doi.org/10.1128/AEM.00211-17
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28258139&dopt=Abstract

