SHORT COMMUNICATIONS SEMINA ——
COMUNICACOES CIENTIFICAS [ctnces agris

DOI: 10.5433/1679-0359.2022v44n1p451

Molecular diagnostic for a screening investigation
method of tick-borne pathogens in Didelphis albiventris
road-killed in north of Parana, Brazil
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Highlights

Possibility of Didelphis albiventris acting as reservoirs of Ehrlichia sp.
Possibility of circulation of a new species of Ehrlichia in Didelphis sp.
Feasibility of studies involving run-over animals for the surveillance of zoonoses.

Abstract

The synanthropization of wild animals puts public health at risk by promoting the circulation of zoonotic
agents, found naturally in the wild, in the anthropic environment. The objective of this work was to carry
out screening by molecular detection of pathogens of the Anaplasmatacea family in Didelphis albiventris,
a specie characterized as having a synanthropic habit. Opossums that were dead (n = 25) after being
road-killed were collected in the North of Parana state, southern Brazil during the 2016 and 2018 years,
through active search. A questionnaire was filled out with information about the animal and collected place.
Biological samples of spleen and liver were collected. The genetic material extracted from the spleen
and liver was submitted to molecular diagnosis through PCR for amplification of dsb of Ehrlichia and 16S
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genes for the other agents of the Anaplasmataceae family. One animal was positive for the genus Ehrlichia
in semi-nested PCR for amplification of the 349 bp fragment of the dsb gene in extracted from the liver
samples. In PCR for the 16S target no animal was positive. These are preliminary results that reinforce the
circulation of Ehrlichia in opossums. To improve the knowledge of these agents in opossums more studies
are necessary.

Key words: Ehrlichiosis. Opossum synanthropization.

Resumo

A sinantropizacdo de animais silvestres coloca em risco a saude publica por propiciar a circulagdo de
agentes zoonoticos, encontrados naturalmente em ambiente silvestre, no ambiente antrépico. O trabalho
teve como objetivo realizar a triagem por detec¢do molecular de patégenos da familia Anaplasmataceae
em Didelphis albiventris, espécie caracterizada como de habito sinantrépico. Gambas mortos (n=25) por
atropelamento durante os anos de 2016 e 2018 foram coletados na regido norte do Parana, sul do Brasil,
por meio de busca ativa. Realizou-se o preenchimento de formulario com informacdes sobre a espécie
do animal e o local do atropelamento. Foi realizada a necrépsia e coleta de amostras bioldgicas, de
baco e figado. O material genético extraido de baco e figado foi submetido a diagnéstico molecular, por
meio de PCR, para amplificacdo dos genes dsb de Ehrlichia sp. e 16S para os demais agentes da familia
Anaplasmataceae. Um animal foi positivo para o género Ehrlichia em semi-nested PCR para a amplificacao
do fragmento de 349 pb do gene dsb, extraido de figado. Na PCR para detec¢ao do gene 16S nenhum dos
animais foi positivo. Esses resultados preliminares reforgcam a circulagao de Ehrlichias em gambas. Para
melhorar o conhecimento desses agentes em gambdas mais estudos sao necessarios.

Palavras-chave: Ehrlichiose. Gamba. Sinantropizacgéao.

Didelphis albiventris are synanthropic
animals. Their omnivorous diet provides
access to modified environments. Their
proximity to a wild and anthropic environment
can increase human exposure to zoonotic
agents (Lled¢6 et al., 2010).

Ticks are worldwide distribution
vectors. It is the most important specie
involved in vector-borne diseases. Some
pathogens like genera Ehrlichia and
Anaplasma include zoonotic species of
importance in public health that may be
transmitted by ticks. Their enzootic cycle
involves ticks and vertebrate hosts.

In Brazil molecular and serological
studies with Didelphis spp. found positivity for
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agent Ehrlichia spp. in the state of Sdo Paulo
and Rio de Janeiro. These animals may be
important in the cycle of agents transmitted
by ticks (Guimaraes et al., 2018; Melo et al.,
2016). Serological tests on human biological
samples detected seroreactivity for Ehrlichia
in Brazil (Bezerra et al., 2017).

This study aimed to perform screening
by molecular detection of Anaplasmataceae
agents in D. albiventris, in North of Parana,
Brazil.

Ethics and Animal Experimentation
Committee approved the study under
number 30/2017, and by the Biodiversity
Authorization and Information System
(SISBIO) under number 55384-1.
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The road-killer animals were collected
from municipalities in the North of Parana
(Figure 1) with the help of an active team
in specific transects (Figure 1) or upon
notificationbythe second Company of Military
Environmental Police and Military Highway
Police. The animals collected were in rigor
mortis and with no evisceration. Fragments of
the organs such as the liver, spleen, and skin
were collected from all animals and stored
at -20 °C. The animals were assessed for the
presence of ectoparasites. The dichotomous
key proposed by Onofrio (2009, 2020)
identified the tick.

DNA extraction from the liver and
spleen, and the ectoparasite found was
performed using PureLink Genomic DNA Mini
Kit (Thermo Fisher Scientific, Madison, WI,
USA). Ultrapure water (Milli-Q, Millipore, Merck,
Darmstadt, Germany) was used as a negative
control for each extraction. The extracted
DNA was quantified using L-QUANT (Loccus
Biotechnology, Cotia, Brazil. The samples
had a minimum DNA concentration of 25 ng/
pL. The DNA samples were storedina 1.5 mL
microtube at -20 °C for subsequent PCR.

DNA extracted from spleen and
liver tissues was used for Ehrlichia and
Anaplasmataceae reactions. Details
regarding the primers are shown in Table 1.
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The negative control used ultrapure water.
For positive controls, DNA extracted from
the whole blood samples of dogs positive
for E. canis and cattle for A. marginale, at the
Veterinary Hospital of the State University of
Londrina.

The positive sample to Ehrlichia spp.
it was submitted to a new PCR for the specie
Ehrlichia canis detection according to Ribeiro
et al. (2017). The tick underwent molecular
diagnosis for Anaplasmataceae.

The PCR products were purified
using PureLink Gel Extraction Kit (Invitrogen,
Molecular Probes, Eugene, OR, USA)
and quantified using L-QUANT. For the
sequencing, a BigDye Terminator v3.1
Cycle Sequencing Kit (Applied Biosystems,
Carlsbad, CA, USA) was used, with the
manufacturer’s instructions. The sequences
were analyzed using the PHRED software
(http://asparagin.cenargen.embrapa.
br/phph). Consensus sequences were
determined using the CAP3 software (http://
asparagin.cenargen.embrapa.br/cgi-bin/
phph/cap3.pl). The obtained sequence
identity was determined by comparing our
results with those available in GenBank, using
the BLAST software (http://blast.ncbi.nlm.nih.
gov/Blast.cgi).
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Figure 1. Schematic map of the 15th, 16th, 17th and 18th Health Regional of the State of Parana
and its municipalities and maps with the transects covered by the team to actively search for run

over animals.
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PrimersandtargetsusedinPCRassaysfordetectionof Ehrlichasp, Ehrlichiacanis,and Anaplasmataceae

Table 1
family
Specificity Primers
DSB 330
Ehrlichia sp DSB 720
DSB 380
. . EcavB9-F
Ehrlichia canis
EcavB9-R
) EHR 16SD
Anaplasmataceae family
EHR 16SR
Twenty-five specimens of D.

albiventris were collected between November
2016 and October 2018, of which 68.0% were
male (Table 2). The season with the highest
collection of animals was autumn with 44%
(11/25) of the total samples. Ectoparasites
were found in only 4.0% (1/25) of the animals,
and the parasite was identified as female
Ixodes loricatus after morphological analysis.
The tick was negative for all agents in
molecular diagnosis. Of the animals analyzed,
4.0% (1/25) were positive for Ehrlichia spp.
(liver sample). The same sample of the
positive animal was submitted to a new PCR
for the specie E. canis and did not present
amplification. The positive animal was an
adult male collected in the winter of 2017 in
the city of Ibipora, Parana, Brazil. None of the
analyzed samples were positive in PCR for
the Anaplasmatacea family.

D. albiventris can be parasitized
by a variety of tick species based on their
age, host behavior, and environmental
factors. Although the present study found
ectoparasites of the species I loricatus in
only 4.0% of the analyzed animals, this data
should not be considered representative of
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Gene fragment References

401 bp — gene dsb
349 bp — gene dsb

Doyle et al., 2005
Almeida et al., 2013

959 bp — gene virB9 Ribeiro et al., 2017

345 bp —gene 16S Inokuma et al., 2000

the parasitism reality in Didelphis spp. It is
important to note that the analyzed animals
were dead, and the time between collection
and inspection may have favored the
disappearance of these ectoparasites from
the specimens. Among the currently reported
species of ticks on marsupials: lloricatus,
Amblyomma sp.,, Amblyomma parvum,
Amblyomma auricularium, and Ornithodoros
mimon (Oliveira et al., 2020; Lopes et al,
2018). Through molecular diagnosis, Lopes
et al. (2018) detected positivity for Rickettsia
amblyommatis in ticks of the species
Amblyomma auricularium and suggested the
possibility of the same species or even of .
loricatus acting as vectors of Ehrlichia sp.
Natal strain.

Agents of the Ehrlichia genus had
already been found by Melo et al. (2016) in a
serological study in which 14.67% (16/109) of
didelphids (D. aurita and D. albiventris) were
seroreactive, with titers between 40 and 160
for E. canis, in indirect immunofluorescence.
Guimaraes et al. (2018) detected Ehrlichia
spp. genotype 100% identical to E. canis in
D. aurita using 16S rRNA PCR with species-
specific primers for E. canis and E.chaffeensis.
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Didelphis albiventris run over specimens collected between the years 2016 and 2018 in north of Paran4,

I Ciéncias Agrarias

Table 2

Brazil

ID Date of road-killed
1 April 81,2017
2 April 17%, 2017
3 May 1st, 2017
4 May 12, 2017
5 May 30", 2017
6 June 8", 2017
7 June 8", 2017
8 June 8", 2017
9 June 12t 2017
10 June 19", 2017
11 June 10™, 2017
121 July 17, 2017
13 July 23,2017
14 August 21, 2017
15 August 23, 2017
162 August 31, 2017
17 October 1%, 2017
18 November 23, 2017

19
20
21
22
23
24
25

November 28", 2017
November 29, 2017
January 11%, 2018
May 17", 2018
June 8™, 2018
October 10", 2018
October 3, 2018

City

Londrina
Urai
Londrina
Cambé

Maua da
Serra

Londrina
Londrina
Londrina
Londrina
Londrina

Londrina/
Guaravera

Ibipora

Londrina
Londrina
Londrina
Londrina
Londrina
Londrina
Londrina
Londrina
Londrina
Londrina
Londrina
Londrina
Londrina

Sex

Female
Female
Male
Male

Male

Male
Male
Male
Male
Female

Male

Male

Male
Male
Male
Male

Female
Male
Male
Male

Female
Male

Female

Age
range
Juvenile
Juvenile
Adult
Adult

Adult

Juvenile
Adult
Juvenile
Juvenile
Juvenile

Juvenile

Adult

Puppy
Adult

Adult
Juvenile
Adult
Adult
Juvenile
Juvenile
Juvenile
Juvenile
Juvenile
Juvenile

"Animal positive for Erlichia 2Animal parasitized by Ixodes loricatus.
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Seasons

Autumn
Autumn
Autumn
Autumn

Autumn

Autumn
Autumn
Autumn
Autumn
Autumn

Winter

Winter

Winter
Winter
Winter
Winter
Spring
Spring
Spring
Spring
Summer
Autumn
Winter
Spring
Spring

Ectoparasite

Absent
Absent
Absent
Absent

Absent

Absent
Absent
Absent
Absent
Absent

Absent

Absent

Absent
Absent
Absent
Present
Absent
Absent
Absent
Absent
Absent
Absent
Absent
Absent
Absent

Molecular
analysis

Negative
Negative
Negative
Negative

Negative

Negative
Negative
Negative
Negative
Negative

Negative

Positive for
E.canis

Negative
Negative
Negative
Negative
Negative
Negative
Negative
Negative
Negative
Negative
Negative
Negative
Negative
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Recent works corroborate this study
and indicate the possibility of Didelphis spp.
act as reservoirs for hemoparasites such as
Ehrlichia spp. (Oliveira et al., 2020; Lopes et
al., 2018; Guimaraes et al., 2018; Melo et al.,
2016). Studies have reported the presence
of organisms genetically similar to E. canis
in non-synanthropic wild animals, thereby
suggesting the existence of awild cycle of the
parasite and the possibility of the involvement
of other vector species (Santoro et al., 2016;
André et al., 2010; Ebani et al., 2017). Further
studies are needed to understand the role
of opossums in the epidemiological cycle
of Ehrlichia spp. as well as the risks that the
circulation of Didelphis spp. between the
wild and anthropic environments can bring
to both wild animals and humans. There are
few studies performed on hemoparasites
in opossums in Brazil. The negative results
found in other Anaplasmatacea agents
corroborate those of Colle et al. (2019).
In the molecular diagnosis (PCR) in blood,
spleen, and liver samples of 230 animals,
marsupials, and rodents of the Amazon
biome, every presented negative results for
the agents of the family Anaplasmataceae.
These negative results may be associated
with the lack of sensitivity of D. albiventris
to infections by Anaplasma spp. It has been
demonstrated that D. virginiana is capable of
reducing infection by A. phagocytophilum via
a mechanism that is still unknown (Levin et al.,
2002). Further studies are required to clarify
the interaction between D. albiventris and
Anaplasma spp.

These are preliminary results that
reinforce the circulation of Ehrlichia in
opossums. A larger sample size is necessary
to improve the analysis.

Semina: Ciénc. Agrar. Londrina, v. 44, n. 1, p. 451-460, jan./fev. 2023

References

Almeida, A. P, Souza, T. D., Marcili, A. &
Labruna, M. B. (2013). Novel Ehrlichia
and Hepatozoon agents infecting the
crab-eating fox (Cerdocyon thous) in
southeastern Brazil. Journal of Medical
Entomology, 50(3), 640-646. doi: 10.1603/
ME12272

André, M. R., Adania, C. H., Machado, R. Z.,
Allegretti, S. M., Felippe, P. A. N., Silva, K. F,
& Nakaghi, A. C. H. (2010). Molecular and
serologic detection of Ehrlichia spp. in
endangered Brazilian wild captive felids.
Journal of Wildlife Diseases, 46(3), 1017-
1023.doi: 10.7589/0090-3558-46.3.1017

Bezerra, M. C. F., Melo, A. L. T., Taques, I. I.
G. G., Aguiar, D. M. D., Pacheco, R. C,, &
Slhessarenko, R. D. (2017). Seropositivity
for Rickettsia spp. and Ehrlichia spp. in
the human population of Mato Grosso,
Central-Western  Brazil. Revista da
Sociedade Brasileira de Medicina Tropical,
50(3), 399-403. doi: 10. 1590/0037-8682-
0318-2016

Colle, A. C., Mendonga, R. F. B. D., Maia, M.
0., Freitas, L. D. C., Witter, R., Marcili, A.,
Aguiar, D. M. de, Munoz-Leal, S., Labruna,
M. B., Rossi, R. V., & Pacheco, R. D. C.
(2019). Molecular survey of tick-borne
pathogens in small mammals from
Brazilian Amazonia. Revista Brasileira de
Parasitologia Veterinaria, 28(4), 592-604.
doi: 10.1590/51984-29612019086

Doyle, C. K., Labruna, M. B., Breitschwerdt, E. B.,
Tang, Y. W,, Corstvet, R. E., Hegarty, B. C,,
Bloch, K. C., Li, P, Walker, D. H., & McBride,
J. W. (2005). Detection of medically
important  Ehrlichia by quantitative

457



SEMINA ———

Bertdo-Santos, A. et al.

multicolor TagMan real-time polymerase
chainreactionofthe dsb gene. The Journal
of Molecular Diagnostics, 7(4), 504-510.
doi: 10.1016/S1525-1578(10)60581-8

Ebani, V. V. Rocchigiani, G. Nardoni, S,

Bertelloni, F., Vasta, V., Papini, R. A., Verin,
R., Poli, A., & Mancianti, F.(2017). Molecular
detection of tick-borne pathogens in wild
red foxes (Vulpes vulpes) from Central
Italy. Acta Tropica, 172(2017), 197-200.
doi: 10.1016/j.actatropica.2017.05.014

Guimaraes, A., Raimundo, J. M., Silva, A. T. D,,

Carpintero, F. M., Pires, J. R., Benevenute,
J.L.,Machado,R.Z., André, M. R., & Baldani,
C. D. (2018). Detection of a putative novel
genotype of Ehrlichia sp. from opossums
(Didelphis aurita) from Brazil. Revista
Brasileira de Parasitologia Veterinaria,
28(1), 140-144. doi: 10.1590/S51984-
296120180068

Inokuma, H., Raoult, D., & Brouqui, P. (2000).

Detection of Ehrlichia platys DNA in brown
dog ticks (Rhipicephalus sanguineus) in
Okinawa Island, Japan. Journal of Clinical
Microbiology, 38(11), 4219-4221. doi:
10.1128/JCM.38.11.4219-4221.2000

Levin, M. L., Nicholson, W. L., Massung,

R. F, Sumner, J. W., & Fish, D. (2002).
Comparison of the reservoir competence
of medium-sized mammals and
Peromyscus leucopus for Anaplasma
phagocytophilum in Connecticut. Vector
Borne and Zoonotic Diseases, 2(3), 125-
136. doi: 10.1089/15303660260613693

Lledé, L. Giménez-Pardo, C. Dominguez-

458

Penafiel, G., Sousa, R., Gegundez, M. I,
Casado, N., & Criado, A. (2010). Molecular
detection of hemoprotozoa and Rickettsia
species in arthropods collected from

wild animals in the Burgos Province,
Spain. Vector-Borne and Zoonotic
Diseases, 10(8), 735-738. doi: 10.1089/
vbz.2009.0114

Lopes, M. G., Muioz-Leal, S., Lima, J. T. R. de,

Fournier, G. F. D. S. R., Igor da Cunha, L.
A., Martins, T. F., Ramirez, D. G., Gennari,
S. M., & Labruna, M. B. (2018). Ticks,
rickettsial and erlichial infection in small
mammals from Atlantic forest remnants
in northeastern Brazil. International
Journal for Parasitology: Parasites and
Wildlife, 7(3), 380-385. doi: 10.1016/j.
ijppaw.2018.10.001

Melo, A. L. T., Aguiar, D. M. D., Spolidorio, M. G.,

Yoshinari, N. H., Matushima, E. R., Labruna,
M. B., & Horta, M. C. (2016). Serological
evidence of exposure totick-borne agents
in opossums (Didelphis spp.) in the state
of Sdo Paulo, Brazil. Revista Brasileira de
Parasitologia Veterinaria, 25(3), 348-352.
doi: 10.1590/S51984-29612016028

Oliveira, G. M. B. de, Silva, I. W. G. da, Evaristo,

A. M. D. C. F,, Azevedo Serpa, M. C. de,
Campos, A. N. S., Dutra, V. Nakazato,
L., Aguiar, D. M., Labruna, M. B., & Horta,
M. C. (2020). Tick-borne pathogens in
dogs, wild small mammals and their
ectoparasites in the semi-arid Caatinga
biome, northeastern Brazil. Ticks and
Tick-borne Diseases, 11(4), 101-409. doi:
10.1016/j.ttbdis.2020.101409

Onofrio, V. C., Barros-Battesti, D. M., Labruna,

M. B., & Faccini, J. L. H. (2009). Diagnoses
of and illustrated key to the species of
Ixodes Latreille, 1795 (Acari: Ixodidae)
from Brazil. Systematic Parasitology,
72(2), 143-157. doi: 10.1007/s11230-
008-9169-z

Semina: Ciénc. Agrar. Londrina, v. 44, n. 1, p. 451-460, jan./fev. 2023



SEMINA ——

Molecular diagnostic for a screening investigation method of tick-borne...

Onofrio, V. C., Guglielmone, A. A., Barros- platys, Ehrlichia canis and Babesia vogeli

Battesti, D. M., Gianizella, S. L., Marcili, A.,
Quadros, R. M., Marques, S., & Labruna, M.
B. (2020). Description of a new species of
Ixodes (Acari: Ixodidae) and first report of
Ixodes lasallei and Ixodes bocatorensis
in Brazil. Ticks and Tick-Borne Diseases,
711(4), 101-423. doi: 10.1016/j.ttbdis.
2020.101423

Ribeiro, C. M., Matos, A. C., Azzolini, T., Bones,

E. R., Wasnieski, E. A., Richini-Pereira,
V. B., Lucheis, S. B., & Vidotto, O. (2017).
Molecular epidemiology of Anaplasma

in stray dogs in Parana, Brazil. Pesquisa
Veterinaria Brasileira, 37(2), 129-136. doi:
10.1590/S0100-736X2017000200006

Santoro, M., Veneziano, V., D'Alessio, N., Di

Prisco, F., Lucibelli, M. G., Borriello, G.,
Cerrone, A., Dantas-Torres, F., Latrofa,
M. S., Otranto, D., & Galiero, G. (2016).
Molecular survey of Ehrlichia canis
and Coxiella burnetii infections in wild
mammals of southern lItaly. Parasitology
Research, 115(11), 4427-4431. doi: 10.10
07/s00436-016-5213-0

Semina: Ciénc. Agrar. Londrina, v. 44, n. 1, p. 451-460, jan./fev. 2023 459






