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Abstract

Hemoplasmas are epierythrocytic bacteria that infect mammals. ‘Candidatus Mycoplasma haemoalbiventris’ was
detected in white-eared opossums (Didelphis albiventris) from southern and central-western Brazil. The present
study aimed at: i) screening opossums for tick-borne (TBP) pathogens (Piroplasmida and Anaplasmataceae) and
ii) detecting and characterizing hemoplasma species infecting opossums from Curitiba and Foz do Iguagu cities
in the Parana State, southern Brazil. Thirty blood samples from white-eared opossums were evaluated by PCR
assays. Animals were not infested by ectoparasites. The mammalian endogenous gapdh gene was consistently
amplified in all samples. All opossums tested negative for Theileria/Babesia spp. and Ehrlichia/Anaplasma spp. by
PCR based on 18S rRNA and 16S rRNA genes, respectively. A genus-specific PCR assay based on the 16S rRNA gene
of hemoplasmas showed that three/13 (23.08%; Cl 95%: 8.18-50.26%) opossums from Foz do Iguagu were positive
for hemotropic Mycoplasma sp. All opossums from Curitiba tested negative for hemoplasmas. Sequencing of both
the 16S and 23S rRNA genes revealed that the animals were infected by ‘Ca. M. haemoalbiventris’. Although ‘Ca.
M. haemoalbiventris'is prevalent in opossums in Brazil, clinical signs associated with its infection and its putative
vectors remain unknown.
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Resumo

Hemoplasmas sdo bactérias epieritrociticas que infectam mamiferos. ‘Candidatus Mycoplasma haemoalbiventris’
foi detectado previamente em gambas-de-orelha-branca (Didelphis albiventris) das regides sul e centro-oeste do
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Brasil. O presente estudo objetivou: i) triar os gambas para as doencas transmitidas por carrapatos (Piroplasmida
e Anaplasmataceae); e i) detectar e caracterizar as espécies de hemoplasma que infectam gambas nas cidades de
Curitiba e Foz do Iguagu, no Estado do Parand, sul do Brasil. Trinta amostras de sangue de gambas-de-orelha-branca
foram analisadas por PCR. Os animais ndo estavam infestados por ectoparasitos. O gene endogeno de mamifero
gapdh foi amplificado em todas as amostras. Todos os gambas testaram negativos para Theileria/Babesia spp. e
Ehrlichia/Anaplasma spp. por PCR, respectivamente, para os genes 18S rRNA e 16S rRNA. Uma PCR gene-especifica,
baseada no gene 16S rRNA de hemoplasmas, mostrou que trés/13 (23,08%; Cl 95%: 8,18-50,26%) gambas de Foz
do Iguacu foram positivos para Mycoplasma sp. hemotrépico. Todos os gambas de Curitiba testaram negativos
para hemoplasmas. O sequenciamento de fragmentos dos genes 16S e 23S rRNA revelou que os animais estavam
infectados pelo ‘Ca. M. haemoalbiventris'. Embora ‘Ca. M. haemoalbiventris’ seja prevalente em gambas no Brasil,
os sinais clinicos associados a infec¢do e os provaveis vetores permanecem desconhecidos.

Palavras-chave: Marsupiais, micoplasma hemotrépico, hemoplasmas.

Opossums are synanthropic marsupials belonging to the genus Didelphis. In South America, four species have
been reported: D. albiventris, D. aurita, D. imperfecta, and D. marsupialis (Nascimento & Horta, 2014). Due to their
circulation in urban and rural environments, opossums are potential hosts, suggested reservoirs and/or potential
amplifiers of infectious agents (e.g., Trypanossoma cruzi, Leishmania infantum, Rickettsia rickettsii) (Horta et al., 2009;
Carreira et al., 2012; Zecca et al., 2020).

In Brazil, tick-borne pathogens (TBP) have been reported in Didelphis spp. from different regions (Melo et al.,
2016; Soares et al., 2017; Guimaraes et al., 2019). This includes a novel ehrlichial agent, Ehrlichia sp. strain Natal,
detected in white-eared opossum (D. albiventris) from the northeastern region of the country (Lopes et al., 2018).

Hemotropic mycoplasmas (hemoplasmas) are Gram-negative bacteria that attach to the surface of red blood
cells from mammals and may cause hemolytic anemia. Two hemotropic Mycoplasma species have been described
in Didelphis, namely ‘Candidatus Mycoplasma haemodidelphis’ (Messick et al., 2002) and ‘Candidatus Mycoplasma
haemoalbiventris' (Pontarolo et al., 2021). Due to the proximity of human dwellings and human-animal interactions,
monitoring ticks and the health status of opossums is a public health concern. Therefore, this study aimed at
investigating the occurrence of TBP and hemotropic mycoplasmas in free-ranging opossums from the Curitiba
and Foz do Iguacu cities of the Parana State, southern Brazil.

This study was approved by the Ethics Committee for Animal Experimentation and Animal Welfare at the
Universidade Federal do Parana, Brazil (protocol number 053/2018). Animal and laboratory procedures were
approved and performed under the regulations of the Chico Mendes Institute for Biodiversity Conservation (ICMBio,
protocol number 63433-3).

The study was carried out in the Curitiba (25° 26' 27" S 49° 16’ 36" W) and Foz do Iguacu cities (25° 32" 45" S 54°
35'07" W). Curitiba, the capital of Parana State, is located in the south-central region and has a humid subtropical
highland climate (Képpen: Cfb) with an average temperature of 17.4 °C. Foz do Iguacu lies in the extreme west of
the Parana State, on the border of Brazil, Argentina, and Paraguay, in the Atlantic rainforest biome. Foz do Iguagu is
internationally recognized as a protected area with diverse fauna (Valente et al., 2019) and has a humid subtropical
climate (Koppen: Cfa) with rainfall throughout the year and an average temperature of 22.1 °C.

Atotal of 30 white-eared opossums (D. albiventris) were evaluated. In Foz do Iguacu, 13 white-eared opossums
were captured using Tomahawk wire mesh traps baited with fruit. Sampling was performed between April and
December 2019 per the spontaneous demand of the Zoonoses Surveillance Center, based on the report of the
occurrence of opossums in human dwellings. In Curitiba City, 17 white-eared opossums were referred to the
Veterinary Teaching Hospital, Universidade Federal do Parang, Parana State, southern Brazil, between June 2018
and December 2020. Samples from Curitiba were also collected per the spontaneous demand based on the report
of the occurrence of opossums in human dwellings.

After using chemical restraints (xylazine (4.0 mg/kg) and ketamine (20 mg/kg), the animals were individually
identified and visually inspected for ectoparasites (ticks and fleas). Subsequently, EDTA-blood samples were collected
by caudal venipuncture and stored at —20 °C until molecular analysis. Post sample collection, the animals were
monitored until complete recovery from the chemical restraints and later released (Massini et al., 2019).
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DNA was extracted from 200 pL of blood using a commercially available kit (IllustraTM Blood Genomic Prep Mini
Spin Kit, GE Healthcare Life Sciences, Little Chalfont, UK), according to the manufacturer’s instructions. Ultra-pure
water was used as a negative control in parallel to monitor cross-contamination.

To monitor DNA extraction, PCR for the mammalian endogenous gene glyceraldehyde-3-phosphate
dehydrogenase (gapdh) was performed in all samples (Birkenheuer et al., 2003). Conventional PCR was used to
screen samples for hemotropic Mycoplasma spp. genus-specific primers targeting a portion (900 bp) of the 16S
rRNA gene of hemotropic Mycoplasma spp. (Hoelzle et al., 2011; Machado et al., 2017). Opossum DNA samples
that tested positive in the PCR assay based on the 16S rRNA gene were subjected to a genus-specific PCR assay
targeting a fragment (800 bp) of the 23S rRNA gene of hemoplasmas (Mongruel et al., 2020). Nuclease-free water
and Mycoplasma ovis DNA from a naturally infected goat blood sample were used as the negative and positive
controls, respectively, in both PCR assays. Additionally, DNA samples were also tested by PCR assays targeting a
fragment (551 bp) of the 18S rRNA gene of Theileria/Babesia spp. (Almeida et al., 2012) and a fragment (349 bp) of
the 16S rRNA gene of Ehrlichia/Anaplasma spp. (Parola et al., 2000). Babesia vogeli and Ehrlichia canis DNA obtained
from naturally infected dogs were used as positive controls, and nuclease-free water was used as a negative
control (Vieira et al., 2013). The amplified PCR products were subjected to gel electrophoresis in 1.5% agarose gels
for 1 hour at 100 V, followed by SYBR safe staining (6 pg/mL; SYBR® Safe DNA Gel Stain, Invitrogen, CA, USA), and
viewed under a UV light transilluminator at a wavelength of 312 nm.

The amplicons of the 16S rRNA (900 bp) and 23S rRNA (800 bp) obtained from three and two Mycoplasma spp.-
positive samples were from Foz do Iguacu. They were sequenced in both directions using the Sanger method.
Three nucleotide sequences of the 16S rRNA gene and two sequences of 23S rRNA gene of hemotropic Mycoplasma
sp. amplified herein were submitted to the GenBank® database (accession numbers: MW703800, MW703801,
MW703802, and MW694786 and MW694787, respectively).

The consensus sequences were subjected to multiple alignment with the sequences selected from GenBank®
using MAFFT available on the GUIDANCE2 server for each gene. The best-fit model of nucleotide substitution was
determined using jModeltest v.2.1.10 and was set as GTR+I+G for 16S rRNA and TrN+G for 23S rRNA genes, based
on the Akaike Information Criterion (AIC), respectively. Each Bayesian reconstruction was performed in Beast 1.10.4
with three independent runs of 100 million MCMC steps sampled at every 10,000 trees, 10% of the burn-in. The
phylogenetic tree was visualized with FigTree software version 1.4.4 and the final layout was done with Inkscape
version 0.92.2.

Opossums from both cities were not infested by ectoparasites (ticks and fleas) at the time of sampling. The
mammalian endogenous gapdh gene was consistently amplified in all samples. All opossums tested negative for
Theileria/Babesia spp. and Ehrlichia/Anaplasma spp. by PCR. While all opossums from Curitiba tested negative
for hemoplasmas, three out of 13 (23.08%; Cl 95%: 8.18-50.26%) animals from Foz do Iguagu were positive for
hemotropic Mycoplasma spp., as observed via PCR.

Sequencing of the 16S rRNA fragment showed 100% identity to ‘Ca. M. haemoalbiventris’(MH158514, MH158515,
MN423256, MN423258-MN423260, and MT170012-MT170016) detected in white-eared opossums from Brazil; on the
other hand, sequencing of the 23S rRNA fragment showed 99.74-100% identity ‘Ca. M. haemoalbiventris' (MN442081-
MN442085) detected in white-eared opossums from Brazil. Phylogenetic analysis of the 16S and 23S rRNA gene
fragments confirmed the white-eared opossum were infected by ‘Co. M. haemoalbiventris’ (Figures 1 and 2).

In the present study, 23.08% opossums from Foz do Iguacu (Parana, southern Brazil) were positive for ‘Ca. M.
haemoalbiventris’, while all the animals from Curitiba City tested negative. 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; Pontarolo et al.,
2021). Although Curitiba City is also located in the Atlantic rainforest biome, we hypothesize that its altitude (940
m a.s.l.) and annual average temperature (17.4 °C) may influence habits and behavior of the opossums, and thus,
their exposure to hemoplasmas, which may explain the negative results found herein. Additionally, differences in
the prevalence of hemoplasma between studies may have not be due to the diagnostic test used, since to date, all
studies on the detection of hemoplasmas in Brazilian opossums have used conventional PCR assays as diagnostic
method (Massini et al., 2019; Gongalves et al., 2020; Pontarolo et al., 2021).

Herein, the animals were not infested with ticks and fleas at the time of sampling. However, hemoplasma-
positive white-eared opossums from the Maringd municipality (state of Parana) (Massini et al., 2019) and Campo
Grande municipality (state of Mato Grosso do Sul) (Goncalves et al., 2020) were infested by Amblyomma dubitatum
ticks. On the other hand, opossums from the Canoinhas municipality (state of Santa Catarina) were infested with
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Figure 1. Phylogenetic tree based on partial sequences of the 16S rRNA gene, showing the relationship between the ‘Candidatus
Mycoplasma haemoalbiventris’ detected in the white-eared opossums (Didelphis albiventris) from this study and other
hemoplasmas. Mycoplasma pneumoniae (CP039761) was used as outgroup. The GenBank accession number is in parentheses
after the species name and origin of each agent. Bayesian inferences were carried out applying the GTR+I+G model and 1,000
bootstrap replicates for all analyses.

‘Ca. Mycopl haemoalbiventris' (MW694786) - Brazil
4‘27(’“: 'Ca. Mycoplasma haemoalbiventris' (MN442081) - Brazil
95.95%
99.99% 3Ca. Mycoplasma haemoalbiventris' (MN442085) - Brazil

'Ca. Mycopl h Ibiventris' (MW694787) - Brazil

99.92% 'Ca. Mycoplasma haemominutum' (NC_021007) - UK
‘Ca. Mycoplasma haemolamae'(CP003731)

82.98% Ca. Mycoplasma haemozalophi' (GU905007) - USA)

_|: Mycoplasma suis (CP002525)
99.99%
——1 99:9% Mycoplasma parvum (CP006771)

'Ca.Mycoplasma erythrocervae'(KF306254)

99.93% Mycoplasma wenyonii (CP003703)

53.13% —— Mycoplasma ovis from Odocoileus virginianus (HQ197752) - Brazil
—1 89.12% o

99.99% 'Ca. Mycoplasma haemocervae'(KF306253)
59.01%

Mycoplasma ovis (CP006935)
'Ca. Mycoplasma haematohydrochaerus' (MW617212) - Brazil

1 ‘Ca. Mycoplasma haemosphiggurus’' (MN692881) - Brazil

_|: Mycoplasma haemofelis (CP002808)
99.99%
Mycoplasma haemocanis - USA (CP003199)

Mycoplasma pneumoniae (CP039761)

0.8

Figure 2. Phylogenetic tree based on partial sequences of the 23S rRNA gene, showing the relationship between the ‘Candidatus
Mycoplasma haemoalbiventris’ detected in the white-eared opossums (Didelphis albiventris) from this study and other
hemoplasmas. Mycoplasma pneumoniae (CP039761) was used as outgroup. The GenBank accession number is in parentheses
after the species name and origin of each agent. Bayesian inferences were carried out applying the TrN+G model and 1,000
bootstrap replicates for all analyses.
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Ctenocephalides felis fleas (Pontarolo et al., 2021). Previous studies have failed to detect hemotropic Mycoplasma
spp. in A. dubitatum ticks infesting ‘Ca. M. haemoalbiventris-positive opossums from Brazil (Goncalves et al.,
2020), and canine hemoplasmas in Rhipicephalus sanguineus sensu lato ticks in dogs from an animal shelter in
Turkey (Aktas & Ozubek, 2017). High hemoplasma prevalence rates have been found in tropical regions, favoring
the establishment of arthropod vectors for these bacteria. Additionally, hemotropic Mycoplasma spp. have been
detected in Amblyomma sculptum ticks infesting hemoplasma-positive capybaras (Hydrochoerus hydrochaeris)
from central-western Brazil (Gongalves et al., 2020). However, the lack of experimental studies on hemoplasma
transmission, due to its uncultivable status in vitro, precludes robust evidence to implicate the involvement of ticks
in the epidemiological cycle of this group of bacteria. Finally, A. dubitatum ticks are widespread and have already
been found to infest opossums from Curitiba and Foz do Iguacu cities (Valente et al., 2020). Based on the above
evidence, we hypothesize that ticks from this group may have previously bitten animals evaluated in the present
study, although we cannot associate the low hemoplasma infection rate found to the absence of ticks.

TBP are of great concern worldwide. In Brazil, Ehrlichia spp., Anaplasma spp., and Babesia spp. have been reported
to infect domestic and wild animals (Soares et al., 2017; André, 2018). A novel ehrlichial agent, Ehrlichia sp. strain
Natal, has been detected in the northeastern region of the country (Lopes et al., 2018). A putative novel genotype of
Ehrlichia sp. has been detected in big-eared opossums (D. aurita) from southeastern Brazil (Guimaraes et al., 2019).
Morphological identification of piroplasmids (previously named as Nuttallia brasiliensis/Theileria brasiliensis/Babesia
ernestoi, and currently Babesia brasiliensis) in marsupials circulating in Brazil was performed virtually 100 years ago
(Regendanz & Kikuth, 1928). Additionally, a novel piroplasmid closely related to a Babesia sp. detected in Monodelphis
domestica opossums from the Brazilian Pantanal has been found in D. marsupialis opossums from the Brazilian
Amazon (Soares et al., 2017), and another Piroplasmida genotype was reported in two/31 (6.45%) D. marsupialis
trapped in Sinop municipality, State of Mato Grosso (Colle et al., 2019). In the present study, all white-eared opossums
tested negative for Theileria/Babesia spp. and Ehrlichia/Anaplasma spp. Although neither clinical signs of infection
nor tick vectors have been established for the novel pathogens described in opossums from Brazil, further studies
should focus on evaluating this group of marsupials to better understand and characterize the pathogens found.

In conclusion, ‘Candidatus Mycoplasma haemoalbiventris’ has been detected in white-eared opossums from the
Foz do Iguacu city (Parana state, southern Brazil), while the animals from Curitiba city tested negative. However,
the clinical signs associated with the infection caused by this organism and its putative vectors remain unknown.
All animals from both cities tested negative for Theileria/Babesia spp. and EhrlichialAnaplasma spp.
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