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DETECCAO E CARACTERIZACAO MOLECULAR DE AGENTES TRANSMITIDOS
POR VETORES EM AVES SILVESTRES NO PANTANAL BRASILEIRO

Resumo - O presente estudo avaliou, por meio de técnicas moleculares, a ocorréncia e a
diversidade genética dos agentes Anaplasmataceae, Bartonella spp., Hepatozoon spp. e
Borrelia spp. em aves silvestres no Pantanal dos estados de Mato Grosso (MT) e Mato Grosso
do Sul (MS). Para tanto, 500 amostras de sangue de aves silvestres capturadas no Pantanal
de MT e MS, durante o més de abril e entre 0s meses de agosto e novembro de 2019, foram
submetidas a extracdo de DNA e ensaios de PCR em tempo real e convencional baseados
nos genes groEL, gltA, dsb, regido intergénica 23S-5S, omp-1 e sodB para agentes
Anaplasmataceae, nuoG, gltA, rpoB, ftsZ, pap31 e ribC para Bartonella spp., 16S rRNA e flaB
para Borrelia spp., 18S rRNA para Hepatozoon spp. e cox-1, 12S rRNA e 28S rRNA para
filarideos. Analises filogenéticas foram construidas para posicionar filogeneticamente as
sequéncias obtidas. Como resultado, 37/500 (7,4%) aves foram positivas para Anaplasma
spp. e 4 (0,8%) para Ehrlichia spp. no ensaio qPCR (groEL); além disso, 13 (2,6%) foram
positivos nha PCR para agentes Anaplasmataceae com base no gene 16S rRNA. As
sequéncias de 16S rRNA de Ehrlichia spp. detectadas foram posicionadas préximas a
Ehrlichia sp. Magellanica. As sequéncias dsb de Ehrlichia detectadas agruparam-se com
Ehrlichia minasensis. Os genétipos 16S rRNA de Anaplasma spp. detectados foram
agrupados com 'Candidatus Allocryptoplasma spp.'. Os genétipos 23S-5S detectados foram
relacionados a Anaplasma phagocytophilum. Dezenove (3,8%) das 500 amostras de sangue
de aves foram positivas em ensaio de gPCR para Bartonella spp. com base no gene nuoG.
Com base nos resultados do BLASTn, enquanto 1 sequéncia nuoG, 2 ribC e 2 ITS (16S-23S
rRNA) apresentaram alta identidade com Bartonella henselae, uma 16S rRNA e 2 ITS
apresentaram alta identidade com Bartonella machadoae. Trés amostras (0,6%) foram
positivas na PCR para filarideos. Enquanto uma das sequéncias de cox-1 detectadas
agrupou-se com Cardiofilaria sp., a outra posicionou-se basal a Splendidofilaria spp. Além
disso, protocolos previamente estabelecidos de gPCR microfluidica em tempo real foram
padronizados para a deteccdo de agentes transmitidos por vetores em 282 amostras de
sangue de aves coletadas no Pantanal do estado de Mato Grosso em 2022, visando amplificar
0s genes 16S rRNA para Anaplasma spp., SSfA para Bartonella spp., cytB para
hemosporideos, e LSU rRNA para filariideos. Os resultados foram validados por ensaios de
PCR baseados no gene 16S rRNA e regido intergénica 23S-5S para Anaplasma spp.,
espacador intergénico 16-23S rRNA, e genes nuoG, gltA, pap31, ribC, ftsZ, groEL e rpoB para
Bartonella spp., cox-1, 12S rRNA e 18S rRNA para filarideos e gene cytB para
hemosporideos. As seguintes taxas de positividade foram encontradas na gPCR microfluidica
de alto rendimento: 18.2% para Anaplasma spp., 6.5% para Onchocercidae, 6.2% para
Plasmodium spp., 5.09% para Haemoproteus spp. € 0.36% para Bartonella spp. DNA de
Bartonella machadoae, Cardiofilaria spp., Aproctella spp. e filarideo posicionado basalmente
ao clado de Eufilaria spp. foi detectado por esta técnica de qPCR. Em conclusédo, novos
genotipos de Anaplasma foram detectados em aves do Pantanal. Bartonella spp. relacionadas
a B. machadoae e B. henselae foram detectadas, pela primeira vez, em aves silvestres do
Pantanal brasileiro. Este é o primeiro relato molecular de filariideos Onchocercidae (Aproctella
spp., Cardiofilaria spp., e filarideos basais a Eufilaria spp. e Splendidofilaria spp.) em aves do
Pantanal brasileiro. A gPCR microfluidica em tempo real de alto rendimento mostrou-se
eficiente na triagem de agentes transmitidos por vetores em aves silvestres no Brasil, desde
gue sejam desenhados primers especificos para variantes genotipicas circulantes no territério
nacional.

Palavras-chave: Anaplasmataceae, Bartonella spp., Hepatozoon spp., Borrelia spp.,
Haemosporida, Onchocercidae, aves tropicais



XiX

MOLECULAR DETECTION AND CHARACTERIZATION OF VECTOR-BORNE
AGENTS IN WILD BIRDS IN THE BRAZILIAN PANTANAL

Abstract - The present study evaluated, by means of molecular techniques, the occurrence
and genetic diversity of agents Anaplasmataceae, Bartonella spp., Hepatozoon spp., and
Borrelia spp. in wild birds in the Pantanal of the states of Mato Grosso (MT) and Mato Grosso
do Sul (MS). To this end, 500 blood samples from wild birds captured in the Pantanal of MT
and MS, during the month of April and between the months of August and November 2019,
were subjected to DNA extraction and real-time and conventional PCR assays based on the
groEL, gltA, dsb, intergenic region 23S-5S, omp-1 and sodB genes for Anaplasmataceae
agents, nuoG, gltA, rpoB, ftsZ, pap31 and rib-C for Bartonella spp., 16S rRNA and flaB for
Borrelia spp., 18S rRNA for Hepatozoon spp., and cox-1, 12S rRNA and 28S rRNA genes for
filariids. Phylogenetic analyses were constructed to phylogenetically position the sequences
obtained. As a result, 37/500 (7.4%) birds were positive for Anaplasma spp. and 4 (0.8%) for
Ehrlichia spp. in the gPCR assay (groEL); in addition, 13 (2.6%) were positive in the PCR for
Anaplasmataceae agents based on the 16S rRNA gene. The Ehrlichia 16S rRNA sequences
detected were positioned near Ehrlichia sp. Magellanica. The Ehrlichia dsb sequences
detected clustered with Ehrlichia minasensis. The Anaplasma spp. 16S rRNA genotypes
detected clustered with '‘Candidatus Allocryptoplasma spp.'. The 23S-5S genotypes detected
in were related to Anaplasma phagocytophilum. Nineteen (3.8%) out of the 500 blood samples
from birds were positive in a gPCR assay for Bartonella spp. based on the nuoG gene. Based
on the BLASTN results, while 1 nuoG, 2 ribC and 2 ITS (16S-23S rRNA) sequences showed
high identity with Bartonella henselae, one 16S rRNA and 2 ITS showed high identity with
Bartonella machadoae. Three samples (0.6%) were positive in the PCR for filarids. While one
cox-1 sequence detected clustered with Cardiofilaria sp., another one sequence was
positioned basal to Splendidofilaria spp. In addition, previously established protocols of new
microfluidic real-time PCR assays were standardized for the detection of vector-borne agents
in 282 bird blood samples collected in the Pantanal of the state of Mato Grosso in 2022, aiming
to amplify the 16S rRNA genes for Anaplasmataceae, ssrA gene for Bartonella spp., cytB for
hemosporidians, and LSU rRNA for filariids. The results were validated by PCR assays based
on the 16S rRNA gene and 23S-5S intergenic region for Anaplasma spp., 16-23S rRNA
intergenic spacer, nuoG, gltA, pap31, ribC, ftsZ, groEL and rpoB genes for Bartonella spp.,
cox-1 for filariids and cytB gene for haemosporidians. The following positivity rates were found
in high-throughput microfluidic gPCR: 18.2% for Anaplasma spp., 6.5% for Onchocercidae,
6.2% for Plasmodium spp., 5.09% for Haemoproteus spp. and 0.36% for Bartonella spp.. DNA
from Bartonella machadoae, Cardiofilaria spp., Aproctella spp., and a filariid ancestral to
Eufilaria spp. clade was detected by this new qPCR technique. In conclusion, novel genotypes
of Anaplasma, Ehrlichia, and 'Candidatus Allocryptoplasma’ were detected in birds from the
Pantanal wetland. Bartonella spp. related to B. henselae and B. machadoae were detected,
for the first time, in wild birds from the Brazilian Pantanal. This is the first molecular report of
Borrelia spp. and onchocercid filariids (Aproctella spp., Cardiofilaria spp., and onchocercid
filariids basal to Eufilaria spp. and Splendidofilaria spp. clade) in birds from the Brazilian
Pantanal. High-throughput real-time microfluidic gPCR proved to be efficient in the screening
of vector-borne agents in wild birds in Brazil as long as specific primers are designed for
genotypic variants circulating in the national territory.

Key-words: Anaplasmataceae, Bartonellaceae, Hepatozoideae, Borreliaceae,
Haemosporida, Onchocercidae, Tropical birds



Chapter 1 — General Considerations

1 Birds

Birds comprehend the most diverse lineage, representing more than
10,000 living species and presenting the most diverse morphologic, ecologic
and behavior features (Gill & Prum, 2019; Prum et al., 2015). The diversification
of modern birds (Neornithes) was influenced by considerable factors, including
mass extinctions (Feduccia, 1995; Prum et al.,, 2015), geologic events
(Claramunt & Cracraft, 2015; Moyle et al., 2016), and climate change (Claramunt
& Cracraft, 2015; Jetz et al., 2012). Previously, molecular analyses of genomes
resulted in a new phylogenetic resolution to the initial branching in the Neoaves,

describing five major clades (Prum et al., 2015).

Birds show a considerable capability to adapt to different ecological
niches (Schmitt & Edwards, 2022), favoring the dispersion of vector-borne
agents, viruses and parasites through migratory movements (Fecchio et al.,
2020a; Reed et al., 2003). These features make birds of great interest to Public
Health (Reed et al., 2003).

In the bird migration season, it is estimated that 200 species of birds
migrate from North America during autumn to Central and South America, as
well as from Eastern Europe to Africa (Gill & Prum, 2019). In South America, the
Pantanal is used by several migratory routes throughout the year (Batista et al.,
2017). During these movements, birds can transport and spread infected ticks
with vector-borne and zoonotic pathogens (Comstedt et al., 2006; Elfving et al.,
2010; S. A. Hamer et al., 2012; Waldenstrom et al., 2007).
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6 Conclusion

High-Throughput microfluidic real-time PCR assay based on previous
designed primers for Europe and the Caribbean regions was able to detect
several positive samples to vector-borne agents from present study samples,
suggesting the field samples from different regions should be tested first with the
primers designed for the European and Caribbean regions and in case of
variability due to different genotypes new primers and probes should be
designed. High-Throughput microfluidic real-time PCR assay can be used to
screen Anaplasma spp., Bartonella spp., Plasmodium spp., Haemoproteus spp.,

and Onchocercidae filariids associated with avian hosts from South America.
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