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A B S T R A C T

Although Orinoco goose (Neochen jubata) is an anatid species widely distributed in South America, scarce are the
reports on the occurrence of arthropod-borne pathogens in this avian species. The present work aimed to verify,
by serological and molecular methods, the occurrence of haemosporida piroplasmids and Anaplasmataceae
agents in wild Orinoco geese captured in Brazil. Between 2010 and 2014, 62 blood samples were collected from
free-living geese captured in the Araguaia River, Goiás State, Brazil. Six geese (10%) were seropositive for
Anaplasma phagocytophilum, showing titers ranging from 40 and 80. Twenty out of 62 blood samples (32.25%)
were positive in nested PCR for hemosporidia (cytochrome b gene). Fifteen and five sequences shared identity
with Haemoproteus and Plasmodium, respectively. Six out of 62 blood samples (9.68%) were positive in nested
PCR for Babesia spp. (18S rRNA gene); one sequence showed to be closely related to Babesia vogeli. Thirty
(48.38%) out of 62 Orinoco geese blood samples were positive in nested cPCR assays for Anaplasmataceae
agents (16S rRNA gene): three for Anaplasma spp. and 27 for Ehrlichia. Six geese were simultaneously positive to
Haemoproteus and Ehrlichia; three animals were co-positive to different Ehrlichia species/genotypes; and one
goose sample was positive for both Anaplasma and Ehrlichia. The present work showed the occurrence of
Ehrlichia, Anaplasma, Babesia, Plasmodium, and Haemoproteus species in free-living N. jubata in Brazil. The threat
of these arthropod-borne pathogens in Orinoco goose’s fitness, especially during the breading season, should be
assessed in the future.

1. Introduction

Orinoco goose (Neochen jubata) is an anatid species widely dis-
tributed in South America, where it occurs in central and Amazonic
regions of Brazil. This anatid species is a terrestrial grazer and nests in
large tree cavities, usually made by other birds (such as wood-peekers)
[1–3]. Adults have nearly 60 cm of length and 1.200 g of weight, brown
back and abdomen, yellow head and chest, black wing, red beak and
feet [4,5]. Orinoco geese live in pairs or in families, joining big groups
during the molt. They migrate in an expressive longitudinal direction
[6]. Although its population is estimated at 10,000–25,000 individuals,
it is classified as a Near Threatened species, because its population is in
an expressive and continuous reduction in some places, owing to
hunting pressure and habitat loss for livestock and husbandry [7].

Among the threats to avian species, haemosporidian protozoa
(Leucocytozoon spp., Plasmodium spp. and Haemoproteus spp.) are re-
lated to reduction of life span, lifetime number and quality of offspring
in birds [8]. Additionally, piroplasmids belonging to genus Babesia spp.

comprises another group of protozoa associated with performance de-
creasing in birds [9–12].

Although the occurrence of haemosporidian parasites has been well
documented in birds around the world, few are the reports on bacterial
hemoparasites in these animals. Recently, the role of avian species as
reservoirs or carriers of vector-borne bacterial pathogens has been in-
vestigated [13,14]. Anaplasmataceae agents (Ehrlichia spp. and Ana-
plasma spp.) comprise a group of tick-borne Gram-negative bacteria
that can cause disease in human and animals [15]. Ehrlichia spp. and
Anaplasma spp. has been already detected in ticks collected on birds
from Sweden [16], Latvia [17], USA [18] and avian's blood samples
from Spain [19], Brazil [20] and Europe [21]. The present work aimed
to verify, by serological and molecular methods, the occurrence of
haemosporida (Leucocytozoon spp., Plasmodium spp. and Haemoproteus
spp.), piroplasmids (Babesia spp.) and Anaplasmataceae agents (Ana-
plasma spp. and Ehrlichia spp.) in wild Orinoco geese (Neochen jubata)
captured in the Araguaia River, state of Goiás, Brazil.
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2. Material and methods

2.1. Animals and studied area

During the molting period, when geese became flightless, sixty-two
free-living Orinoco geese were hand-caught. Using the manual re-
straint, whole blood samples were collected by puncture of ulnar vein
from animals captured in the Araguaia River, state of Goiás, Brazil
(13°13′02.1"S 50°34′37.8"W) (Fig. 1). During the year of 2010, 21 an-
imals were caught; however, the sexing procedure of captured animals
was not performed. On the other hand, molecular sexing (Unigen® –
Biologia pelo DNA) was performed in animals captured during the years
of 2013 and 2014. Among 41 animals caught, 20 were males and 21
females. Additionally, ectoparasites inspection was performed at the
time of blood collection. Finally, the serum and EDTA-blood samples
from Orinoco geese were stored at −20 °C for further analysis. Blood
smears were made from each goose blood sample, fixed with methanol,
and stained with Giemsa (TRALL, 2006). The slides were examined
under an optical microscope Olympus B-50 and the images were ana-
lyzed with CellSens Standard 1.8.This project was approved by the
university’s Ethics Committee under the protocol number 012273/11
and ICMBio – SISBIO* (Brazilian Governments permission for research
in wildlife) permission number 21650-4. *SISBIO is a remote-access
system that allows researchers to request authorizations for the col-
lection of biological material and for research with wild animals in
Brazil.

2.2. Serology for babesia vogeli, anaplasma phagocytophilum, ehrlichia
chaffeensis and ehrlichia canis

Sixty geese serum samples were submitted to Indirect Fluorescent
Antibody Test (IFAT) in order to detect IgG antibodies against Babesia
vogeli, A. phagocytophilum, E. chaffeensis and E. canis.

Babesia spp. antigen was prepared by intravenously inoculation of B.
vogeli (Jaboticabal strain) into a splenectomized three month-old dog,
negative for hemoparasites by PCR and serology [22]. Blood smears
were performed twice a day to check for the presence of parasites in
microscopic examination of Giemsa-stained blood smears. After

observing parasitaemia peak on the fifth day after inoculation, infected
blood was collected with Alsever solution (113.7 mM glucose, 27.2 mM
sodium citrate, 71.8 mM sodium cloride). E.canis antigen was obtained
from E. canis (Jaboticabal strain)-infected DH82 cells maintained in
culture in the Immunoparasitology Laboratory, UNESP, Jaboticabal,
São Paulo [23].

Slides containing air-dried fixed B. vogeli trophozoite-infected blood
and E. canis-infected DH82 cells were used in IFAT as previously de-
scribed [24,25]. Commercial slides (Focus Diagnostics, Cypress, CA,
USA) coated with E. chaffeensis-infected DH82 cells and A. phagocyto-
philum-infected HL-60-infected were also used as antigens in order to
detect exposure to Anaplasmataceae agents in Orinoco geese following
manufactureŕs instructions.

Briefly, antigen slides were removed from storage (−20 °C) and
allowed to thaw at room temperature for 30 min. Ten microliters of two
fold dilutions of sera (cut-off of 1:40) were placed in wells on antigen
slides. Known positive serum samples for the studied agents were ob-
tained from naturally infected deer [26] and dogs [27] from Brazil.
Negative serum samples were obtained from wild deer captured in
Brazil [26], and dogs maintained in the kennel of the Department of
Veterinary Pathology, UNESP, Jaboticabal, São Paulo, Brazil, that had
not been exposed to these agents, according to negative PCR and IFAT
results. Slides were incubated at 37 °C in a moist chamber for 45 min,
washed 3 times in PBS (pH 7.2) for 5 min, and air dried at room tem-
perature. FITC-labeled anti-dog, deer and chicken IgG conjugates
(Sigma–Aldrich®, St. Louis, MO, USA) were diluted according to the
manufacturer (dilution of 1:32 for anti-dog, 1:10 for anti-deer and 1:10
for anti-bird conjugates) and then added to each well. These slides were
incubated again at 37 °C, washed 3 times in PBS, once more in distilled
water, and air dried at room temperature. Next, slides were coversliped,
and examined under a fluorescence microscope.

2.3. DNA extraction

DNA was extracted from 10 μL of each goose EDTA-whole blood
sample using the QIAamp DNA blood mini-kit (QIAGEN®, Valencia,
California, USA), in accordance with the manufacturer’s instructions.
DNA concentration and quality was measured using absorbance ratio

Fig. 1. Capture site. Map of Goiás, central-western
Brazil, showing the locality where Orinoco geese
were sampled in the present study.
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between 260/280 nm (Nanodrop, Term Scientific, USA). Then, DNA
samples were submitted to conventional PCR (cPCR for hemosporida,
piroplasmids and Anaplasmataceae agents) and real time PCR (qPCR
for A. phagocytophilum, E. chaffeensis and E. canis) assays.

2.4. cPCR for haemosporidia, piroplasmids and anaplasmataceae agents

Each sample of extracted DNA was used as a template in cytochrome
b-based nested PCR assays for Leucocytozoon spp., Plasmodium spp. and
Haemoproteus spp. [28–30]. Positive and negative DNA controls for
Plasmodium sp. and Haemoproteus sp. were used in the cPCR reaction
(Table S1).

Previously described PCR protocols based on 18S rRNA gene
[12,31–33] were used for Babesia spp. DNA amplification (Table S1).
Babesia sp. DNA samples obtained from naturally infected wild felids
were also used as positive controls [34]. Ultra-pure sterile water was
used as negative control in all PCR assays described above. In each set
of reactions, five tubes containing ultra-pure water were used as con-
trols. In order to prevent PCR contamination, DNA extraction, reaction
setup, PCR amplification and electrophoresis were performed in sepa-
rated rooms.

16S rRNA-based nested PCR assays were used for amplify Ehrlichia
spp. [35] and Anaplasma spp. [36] DNA (Table S1). Anaplasma phago-
cytophilum and E. chaffeensis DNA samples were kindly supplied by Prof.
Dr. John Stephen Dumler (University of Maryland, Baltimore, MD,
USA). E. canis DNA from DH82 cells infected with the Jaboticabal strain
of E. canis [37] was also used as positive control.

Positive samples to 16S rRNA Anaplasmataceae cPCR protocols
were submitted to additional molecular characterization using nested
PCR protocols based on omp-1 [38], dsb [39] and groESL [40–42] genes
(Table S1).

The reaction products were purified using Silica Bead DNA Gel
Extraction Kit (Fermentas, São Paulo, SP, Brazil). Purified amplified
DNA fragments from positive samples were submitted to sequence
confirmation in an automatic sequencer (ABI Prism 310 Genetic
Analyser – Applied Byosystem/Perkin Elmer). Consensus sequences
were obtained through the analysis of the sense and antisense se-
quences using the CAP3 program (http://mobyle.pasteur.fr/cgi-bin/
MobylePortal/portal.py). Comparisons with sequences deposited in
GenBank were done using the basic local alignment search tool
(BLAST). The sequences were aligned with sequences published in
GenBank using Clustal W in Bioedit v. 7.0.5.3 [43]. The alignment se-
quences of the genes amplified in the present study were utilized to
identify the different genotypes using DnaSP (v. 5.10) [44] (using de-
fault parameters). Phylogenetic inference was based on maximum
likelihood (ML) and performed with RAxML-HPC BlackBox 7.6.3 [45]
(which includes an estimation of bootstrap node support) through the

CIPRES Science Gateway [46]. Akaike information criterion available
on MEGA 5.05 [47] was applied to identify the most appropriate model
of nucleotide substitution.

2.5. qPCR assays for A. phagocytophilum, E. chaffeensis and E. canis

Each 62 samples was used as a template in 10 μL qPCR assay aiming
to detect msp2-A. phagocytophilum, vlpt-E.chaffeensis and dsb-E.canis
fragments (Table S2). The mixtures contained 5 μL of Buffer (GoTaq®

qPCR Master Mix, Promega, Wis., USA,) a final concentration of 1 μM of
each primer and TaqMan-probe (Integrated DNA Technologies,
Coralville, IA, USA) and 1 μL of DNA sample. qPCR amplifications were
performed in a thermal cycler (CFX96 Thermal Cycler, Bio-Rad,
Hercules, CA, USA). The amplification conditions were 95 °C for 3 min
followed by 40 cycles of 95 °C for 10 s and 55 °C for 30 seg. The number
of copies was determined according to the formula (X g/μL DNA/
[fragment length in bp × 660]) × 6.022 × 1023 × copies/μL. A. pha-
gocytophilum and E. chaffeensis DNA positive controls were kindly sup-
plied by Prof. Dr. John Stephen Dumler (University of Maryland,
Baltimore, MD, USA). E. canis DNA from DH82 cells infected with the
Jaboticabal strain of E. canis [37] was also used as positive control.
Ultra-pure sterile water was used as negative control in all qPCR re-
actions.

3. Results

3.1. Blood smears

Suggestive structure of Plasmodium spp. was observed in blood
smears of one animal (Fig. 2). The goose was positive in the nested PCR
for Plasmodium spp., based on cytochrome b gene. No suggestive inclu-
sions of piroplasmids and Anaplasmataceae agents were found in the
sampled birds blood smears.

3.2. Serological assays (IFAT)

Out of 60 serum samples of Orinoco geese analyzed by IFAT, six
(10%) were positive for A. phagocytophilum, showing titers of 40 and 80.
One of them was also positive in the cPCR for Anaplasma spp. based on
16S rRNA gene. None was seropositive for E. chaffeensis, E. canis or
Babesia vogeli.

3.3. PCR assays, identity by BLAST analysis and phylogenetic assessment

3.3.1. Haemosporidian agents
Sixteen out of 62 blood samples (25.8%) were positive in the nested

PCR for Haemoproteus spp./Plasmodium spp. based on the cytochrome b
gene [28,29]. Among these 16 positive samples, 14 sequences were
obtained and submitted to BLAST and, posteriorly, to ML analysis. The
BLAST analysis showed that 12 sequences shared identity with Hae-
moproteus spp. detected in birds from South America. Additionally, the
sequences amplified in the present study were divided into two geno-
types. The genotype #1 consisted of 11 sequences (MF061993-
MF061996; MF061998-MF062004) that shared identity ranging from
98% to 99% with H. macrovacuolatus (KJ499987; KJ592828;
KJ175078) detected in black-bellied whistling duck (Dendrocygna au-
tumnalis – Anatidae) from South America. The genotype #2 comprise
only one sequence (MF061997) sharing 99% identity with H. macro-
vacuolatus (KF175078) identified in D. autumnalis from Colombia.
Moreover, other two sequences (MF043229 and MF043230) shared
100% identity with Plasmodium sp. detected in a black-crowned night
heron (Nycticorax nycticorax – Ardeidae [KU057967]), and in a wedge-
billed woodcreeper (Glyphorynchus spirurus – Furnariidae [KU562663]),
sampled in Brazil (Table 1). Lastly, five out of these 16 positive samples
were positive (three for Haemoproteus spp. and two for Plasmodium spp.)
when submitted to additional cPCR assays (Table S1). However, these

Fig. 2. Plasmodium evolutive form in a goose Giemsa-stained blood smear. 1000X.
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sequences showed poor quality and were not deposited in GenBank. No
goose sampled showed positivity for Leucocytozoon spp.

Concerning to ML analysis, the genotypes #1 and #2 identified
among the Haemoproteus sequences, according to BLAST analysis, were
positioned near to H. macrovacuolatus and supported by a high boot-
strap value (95%) (Fig. 3). Furthermore, also according to BLAST re-
sults, the Plasmodium sequences clustered together with sequences that
shared highest identity, supported by a high bootstrap value (100%)
and near to P. gallinaceum sequences (Fig. 4). All haemoporidian se-
quences amplified in the present study showed query coverage of 100%
when compared to sequences previously deposited in GenBank. All the
sequences submitted to BLAST and phylogenetic analyses were de-
posited in GenBank under the access numbers: Haemoproteus sp.
(MF061993-MF062004); Plasmodium sp. (MF043229–MF043230).

3.3.2. Piroplasmids agents
Six out of 62 blood samples (9.68%) were positive in the nested PCR

for Babesia spp. based on the 18S rRNA gene, using the protocol pre-
viously described [33]. None of the samples was positive in the other
protocols presented in Table S1. Due to the low intensity of bands, only
one amplicon was purified and submitted to sequencing. The BLAST
analysis showed 99% identity to Babesia sp. detected in a specimen of
wild rodent (Thrichomys fosteri) sampled in Brazil (KY450742)
(Table 1). Additionally, the ML analysis, supported by high bootstrap
value (86%), positioned the sequence amplified in the present study
near to B. vogeli identified in dogs and cats from different Brazilian
states, as well as near to the sequence identified in the wild rodent
(Fig. 5). The 18S rRNA Babesia sequence showed query coverage of
100% with sequences previously deposited in GenBank and was de-
posited in GenBank under the access number MF034729.

3.3.3. Anaplasmataceae agents
Twenty seven (43.55%) out of 62 Orinoco geese blood samples were

positive in nested cPCR assays for Anaplasmataceae agents based on
16S rRNA gene: three for Anaplasma spp. and 24 for Ehrlichia spp.
Among the positive samples to Anaplasma, only two sequences were
obtained and submitted to BLAST and ML analyses. The amplified se-
quences showed 100% identity to A. phagocytophylum detected in a
raccon dog from South Korea (KY458571). Also, the sequences, when
submitted to ML analysis, clustered with other Anaplasma spp. se-
quences identified in wild mammals and ticks in several regions around
the world, including an Anaplasma sequence originated from a Brazilian
vulture (JN217095) (Fig. 6). On the other hand, among the 24 positive
samples for Ehrlichia spp. based on 16S rRNA gene, 23 sequences were
obtained and analyzed. These 23 sequences were divided into four
genotypes. The genotype #1 consisted of five sequences that shared
100% identity with several E. canis sequences detected around the
world (Table 1). The genotype #2 was composed by only one sequence
showing 99% identity with E. canis amplified from a dog sampled in
India (KX818219). Additionally, the genotype #3 consisted of 16 se-
quences that shared 100% identity with several E. chaffeensis sequences,
including the E. chaffeensis strain Arkansas (NR074500). Finally, the
genotype #4 was composed by only one sequence sharing 99% identity
with E. chaffensis str. West Paces (CP007480) (Table 1). The ML ana-
lysis, in accordance with the results found in BLAST analysis, clustered
the sequences belonging to genotypes #1 and #2 with E. canis se-
quences detected in dogs and ticks and with Ehrlichia sp. detected in
wild felids from Brazil, supported by a high bootstrap value (100%). On
the other hand, the genotypes #3 and #4 were positioned nearest to E.
chaffeensis (Fig. 7). Finally, among the 27 positive samples for Ehrlichia
spp. in nested PCR assays based on 16S rRNA gene, seven showed to be
positive in a nested cPCR based on omp-1 gene. However, due to low
bands intensity, only one sequence was obtained. The sequence shared
100% identity with Ehrlichia sp. (JN217097) and E. canis (EF014897)
detected in a goose and in a dog, respectively, in Brazil (Table 1).
However, the omp-1 sequence, when submitted to ML analysis, wasTa
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closely related to Ehrlichia sp. detected in wild animals sampled in
Brazil, supported by a high bootstrap value (100%) and phylogeneti-
cally distinct from E. canis sequences (Fig. 8). All the Anaplasmataceae
sequences showed query coverage ranging from 99% to 100% with
sequences previously deposited in Genbank, and were deposited under
the access numbers: Anaplasma sp. (KX886807–KX886808); Ehrlichia
spp. ([16S RNA – KX898136–KX898137; KX891551–KX891553;
KX898559–KX898575; KX898584] [omp1 – KX833247]).

No sample was positive for Ehrlichia ewingii neither for the other
genes tested (groEL and dsb) by cPCR assays. All samples were negative
in qPCR assays for msp2-A. phagocytophilum, vlpt-E.chaffeensis and dsb-
E.canis.

3.3.4. Co-positivity by arthropod-borne pathogens
Among the 62 geese blood samples analyzed by cPCR, eleven

showed co-infection (Table 1). Seven were simultaneously positive to
Haemoproteus and Ehrlichia species. Furthermore, three samples were
co-positive to different Ehrlichia species/genotypes. Additionally, two

samples were co-positivity to Babesia and Ehrlichia species, one for
Plasmodium and Ehrlichia species and one goose sample was positive for
both Anaplasma sp. and Ehrlichia sp. (Table 1).

4. Discussion

In this work it was demonstrated, through cPCR, serology and blood
smears, those Orinoco geese are exposed to Anaplasmataceae agents,
haemosporidian and piroplasmids. Even though suggestive structures of
hemosporidian protozoan were observed in blood smears, it is well
referenced in the literature that this technique shows a low sensitivity
in detecting hemoparasites when compared to molecular and ser-
ological tests [24], mainly in low parasitemia infections.

Recently, the description of piroplasmids in avian species around
the world has been raised [9–12,48–52]. According to Chavatte et al.
[53] avian piroplasmids form a poliphyletic group that is currently
divided into three clades: the first one is related to Babesia duncani and
protheilerids and formed by B. ardeae from Ardea cinerea, B. poelea and

Fig. 3. Phylogenetic relationships within the Haemoproteus genus based on cytochrome b gene. The tree was inferred by using the Maximum Likelihood (ML) with the GTR+G+I model.
The sequences detected in the present study are highlighted in bold. The numbers at the nodes correspond to bootstrap values higher than 50% accessed with 1000 replicates.
Leucocytozoonspecies were used as outgroup.
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Babesia sp. 1 JM-2013 from Sula leucogaster, B. uriae from Uria aalge,
and Babesia sp. TAS117 and TAS124 from Eudyptula minor; the second
one formed by Babesia kiwiensis from Apteryx mantelli and B. kiwiensis-
like from Turdus falklandii positioned in a small clade within the ba-
besids; and the third one formed only by Babesia bennetti from Larus
cachinnans that was positioned near to B. bovis and B. ovis within the

babesids [49–52,54]. The present work showed a possible novel clade,
positioning the piroplasmid detected in N. jubata in B. vogeli clade. The
availability of other avian piroplasm sequencesis much needed in order
to allow comparisons and a better understanding of their evolution and
phylogenetic relationship with piroplasms circulating in mammals and
other birds [53,55]. Additionally, the use of additional fast-evolving

Fig. 4. Phylogenetic relationships within the Plasmodium genus based on cytochrome b gene. The tree was inferred by using the Maximum Likelihood (ML) with the GTR model. The
sequences detected in the present study are highlighted in bold. The numbers at the nodes correspond to bootstrap values higher than 50% accessed with 1000 replicates. Haemoproteus
species were used as outgroup.
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Fig. 5. Phylogenetic relationships within the Babesia genus based on 18S rRNA gene. The tree was inferred by using the Maximum Likelihood (ML) with the GTR model. The sequences
detected in the present study are highlighted in bold. The numbers at the nodes correspond to bootstrap values higher than 50% accessed with 1000 replicates. Theileria species were used
as outgroup.
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target genes, such as mitochondrial gene sequences, is important to
resolve the complex taxonomy of piroplasmids [53,55]. Although ix-
odid ticks has been incriminated as vectors of the avian piroplasms
[10,48,49,56,57] and argasids as potential vectors [10,57], no ticks
were found attached at the sampled geese at the time of blood samples
collection.

In IFAT, six out of 60 animals (10%) presented antibodies to A.
phagocytophilum. Although the number of seropositive animals for this
agent was higher than that obtained by molecular detection in cPCR

(two birds), a previous work suggests that IFAT is not a sensitive
method for the detection of Anaplasmataceae agents in birds [58]. In
addition, it is worth mentioning the existence of cross-reactions be-
tween the various agents of the Anaplasmataceae family [59]. Fur-
thermore, the kinetics of antibodies against the pathogens under study
should be better studied. This fact can explain, in parts, the lack of
concordance between molecular and serological tests. Vitaliano et al.
[60] and Furuta et al. [61], when experimentally infected southern
western caracara (Caracara plancus) and chickens (Gallus gallus) with T.

Fig. 6. Phylogenetic relationships within the
Anaplasma genus based on 16S rRNA gene. The tree
was inferred by using the Maximum Likelihood (ML)
with the JTT model. The sequences detected in the
present study are highlighted in bold. The numbers
at the nodes correspond to bootstrap values higher
than 50% accessed with 1000 replicates. Ehrlichia
species were used as outgroup.

Fig. 7. Phylogenetic relationships within the
Ehrlichia genus based on 16S rRNA gene. The tree
was inferred by using the Maximum Likelihood (ML)
with the JTT model. The sequences detected in the
present study are highlighted in bold. The numbers
at the nodes correspond to bootstrap values higher
than 50% accessed with 1000 replicates. Anaplasma
species were used as outgroup.
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gondii and N. caninum, respectively, demonstrated that avian species
showed the presence of transient detectable antibodies for the studied
protozoans, suggesting a different kinetics for the immune-humoral
response in birds.

One of the sampled animals was positive in cPCR for Anaplasma sp.
and also revealed antibodies against A. phagocytophilum antigen in
IFAT, demonstrating cross-reaction between the detected genotype and
A. phagocytophilum. Although the genotype of Anaplasma sp. detected in
the birds was shown to be phylogenetically close to A. phagocytophilum,
the geese were negative in qPCR specific for the human granulocytic
anaplasmosis agent, based on msp-2 gene. Genotypes phylogenetically
associated with A. phagocytophilum but negative in A. phagocytophilum-
specific qPCR assays based on the msp-2 gene have been already re-
ported in wild carnivores [35], deer [26,62] and rodents [63] in Brazil,
African buffaloes (Syncerus caffer) in Mozambique [64] and dogs in
Colombia [65]. Additionally, genotypes closely related to A. phagocy-
tophilum have also been detected in cats [66], caracaras and vultures
(Coragypus atratus) [20] in Brazil. Our findings corroborate previous
studies conducted in South America and Africa and highlight the hy-
pothesis of the circulation of non-isolated Anaplasma spp. genotypes in
wild animals.

On the other hand, antibodies to E. canis and E. chaffeensis were not
detected in the serum samples from the sampled Orinoco geese, despite
the positivity of some animals for genotypes phylogenetically asso-
ciated with E. canis and E. chafeensis. In contrast, antibodies to Ehrlichia
spp. were detected in deer [26] and wild carnivores [23] harboring new
genotypes of Ehrlichia spp. in Brazil. However, it is not possible to attest
that the birds sampled were free of chronic infection by the agent only
relying on serological results. In our study, only peripheral blood
samples from the birds were collected. Although tissues, such as spleen
and liver, could be used to confirm a chronic infection by the parasites
under study, no goose died or was euthanized during the present study.
Although the genotypes of Ehrlichia spp. detected in geese were shown
to be phylogenetically close to E. canis and E. chaffeensis, the sampled
birds were negative in qPCR specific for both agents, based on dsb and
vlpt genes, respectively. Genotypes phylogenetically associated with E.
canis and/or E. chaffeensis but negative in specific qPCR assays based for
these agents have been already reported in wild carnivores [34], deer
[26] and rodents [63] in Brazil. Genotypes closely related to E. canis

have also been detected in wild birds [20] and cats [67]. Interestingly,
Ehrlichia and Anaplasma genotypes detected in the present study
grouped with 16S genotypes previously detected in wild animals in
Brazil, reinforcing the hypothesis of the circulation of yet non-isolated
Anaplasma and Ehrlichia among the wildlife in Brazil. Indeed, the omp-
1Ehrlichia sequence amplified from one sampled goose in the present
study grouped with genotypes previously detected in wild felids in
Brazil [23], separated from E. canis and E. chaffeensis. Considering that
omp-1 gene evolves faster than16S rRNA gene, it shows a better phy-
logenetic discrimination that the last one. The isolation of these agents
for a better molecular and antigenic characterization is much needed in
order to understand the ecology of ehrlichiosis and anaplasmosis in
Brazil. Although there is no molecular confirmation of infection by
Anaplasmataceae agents in humans Brazil, serological evidence of ex-
posure to Ehrlichia chafeensis and Anaplasma phagocytophilum antigens
have been reported among human beings in the state of Minas Gerais
[68]. In the future, the zoonotical potential of Anaplasmataceae agents
circulating in wild animals in Brazil should be further investigated.
Considering that Orinoco goose is a migratory species, the occurrence
of these new Ehrlichia and Anaplasma genotypes in this animal’s dis-
persal routes deserves additional attention.

Although several studies have been performed in Brazil regarding
the genetic diversity of hemosporidian parasites in birds [69–73], the
present work shows the first molecular detection by Plasmodium and
Haemoproteus in N. jubata. Recently, birds belonging to Anatidae family
represented the group most infected by hemosporidians in a molecular
survey performed among 677 captive birds maintained in captivity in
São Paulo Zoo, the largest zoo in Latin America [74]. Moreover, coin-
fection by Haemoproteus and Ehrlichia has been described for the first
time in an avian species. Plasmodium genotypes detected in Orinoco
geese were related to Plasmodium spp. previoysly detected in Nycticorax
nycticorax, Glyphorynchus spirurus and Mansonia titillans mosquitoes in
Brazil. On the other hand, Haemoproteus genotypes (#1 and #2) de-
tected in sampled N. jubata were closely related to H. macrovacuolatus
detected in Dendrocygna autumnalis, and Haemoproteus genotypes de-
tected in Rynchops nigerand Dendrocygna javanica. While Haemoproteus
parasites are mainly transmitted by biting midges (Ceratopogonidae) or
Hippoboscidae flies [75], Plasmodium are transmitted by mosquitoes
(Culicidae). Recently, Mansonia mosquitoes, namely M. titillans and M.

Fig. 8. Phylogenetic relationships within the
Ehrlichia genus based on omp-1 gene. The tree was
inferred by using the Maximum Likelihood (ML) with
the GTR+G+I model. The sequences detected in the
present study are highlighted in bold. The numbers
at the nodes correspond to a bootstrap values higher
than 50% accessed with 1000 replicates. Anaplasma
phagocytophilum was used as outgroup.
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pseudotitillans, were incriminated as putative vectors of avian Plasmo-
dium lineages in Brazil [76].

It is worth mentioning that at the time of sampling, the geese were
in the molting season, suggesting that they were facing a period of
physiological stress and great metabolic expenditure. In addition, they
were in the reproduction period, directing their energies for taking care
of gosling. This physiological distress period may have propitiated the
recrudescence of cryptic parasitemia, favoring the detection of the
studied agents by molecular techniques. Although detection probability
of hemosporidian infection was significantly lower in blood when
compared to liver, heart and pectoral muscle tissue types combined in
specimens of Pyriglena leucoptera [77], it is known that Plasmodium
relapse has been associated with increased concentrations of corticos-
terone [78], which is shown to be elevated during the breeding season
[79].

Finally, tick-borne diseases (TBDs) may be difficult to control due to
their complex epidemiology that may involve different tick vectors and
animal hosts [80]. Parasites and parasitism in One Health present po-
tential importance, especially in wildlife [81–83]. An integrative sys-
temic approach towards humans and animal’s health, the “health in
social-ecological systems”, may allow a global comprehension of the
inextricable interconnection of humans, pet animals, livestock and
wildlife and their social and ecological environment [84]. Human and
animal medicine are connected and requires an interdisciplinary team
of qualified professionals [85,86], that grow closer together [87] and
present bilateral communication, for the control of TBDs, particularly
for those of zoonotic concern [80].

5. Conclusions

In summary, the present work showed the occurrence of Ehrlichia
spp., Anaplasma sp., Babesia sp., Plasmodium sp., and Haemoproteus sp.
in free-living N. jubata in Brazil. The threat of these arthropod-borne
pathogens in Orinoco geese fitness, especially during the breading
season, should be assessed in the future.
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