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ARTICLE INFO ABSTRACT

Keywords:

This is the first study to investigate the prevalence and risk factors associated with Ehrlichia canis and Anaplasma

PCR platys positivity in dogs from Paraguay. Conventional PCR assays for the E. canis 16STRNA gene and A. platys p44

Phylogenetic analysis
Anaplasmataceae
South America

gene were carried out in blood samples from 384 dogs from Asuncién city, Paraguay. Sequencing and phylo-
genetic analysis were performed in selected positive E. canis and (16SrRNA gene) and A. platys (16S and p44
genes) samples. The overall prevalence of E. canis and A. platys in dogs in Paraguay was 10.41% (40/384) and

10.67% (41/384), respectively. Older dogs without veterinary care had higher odds for E. canis positivity and a
higher number of dogs in the same household, as well as absence of anti-tick treatment were considered risk
factors for A. platys. Ehrlichia canis and A. platys circulate in the dog population from Asuncién, and are described

for the first time in Paraguay.

1. Introduction

Ehrlichiosis and anaplasmosis are emerging infectious diseases de-
scribed in animals and humans, caused by organisms belonging to the
subgroup Proteobacteria, order Rickettsiales, Anaplasmataceae family,
genus Ehrlichia and Anaplasma. Ehrlichia spp. and Anaplasma spp. are
small, Gram-negative obligate intracellular bacteria [1,2]. Ehrlichia
canis and A. platys are the most prevalent species in dogs, causing dis-
eases known as monocytic ehrlichiosis and canine cyclic thrombocy-
topenia, respectively [3-5].

Ehrlichia canis is the most common pathogen detected in domestic
dogs, foxes, coyotes and jackals are considered natural reservoirs of the
agent [6,7]. Anaplasma platys is a platelet-specific microorganism
whose morular form in platelets resembles those described in the leu-
kocytes of dogs infected with E. canis [5], and has also been identified
in cats [8], humans [9,10] and foxes [11].

Ehrlichia canis and A. platys are cosmopolitan, predominating in
tropical and subtropical areas, related to its vector distribution,
Rhipicephalus sanguineus sensu latto [12-16] [17]. Rhipicephalus san-
guineus s.1. has a worldwide distribution. It has been reported in several
countries of the American continent such as Brazil [8,18,19], Uruguay
[20], Argentina [21-23], Chile [24], Colombia [25], Venezuela [26], as
well as in Europe, Oceania, Asia, and Africa [17,27-34].

Anaplasma platys infections are frequently found in the same

geographic regions as E. canis, and evidence of exposure to both or-
ganisms is often detected in the same dog [35]. The molecular pre-
valence of E. canis and A. platys in South America ranges from
5.2%-47.7%, and 1.4%-86.62%, respectively [18,21,23,36-44].

Risk factors associated with A. platys and E. canis infections in dogs
include climatic conditions, the prevalence of ticks, exposure to ticks, as
well as the average of tick infestation [45-47]. Agglomeration of dogs,
as observed in animal pounds [48], adulthood [49,50], and feeding
type [48], are also described as risk factors.

Rhipicephalus sanguineus s.1. ticks were reported in Paraguay for the
first time in 1982 [51]. However, in this country A. platys and E. canis
have not yet been molecularly detected in domestic dogs. The aim of
this study was to determine the prevalence, perform a molecular
characterization, and a risk factor analysis of E. canis and A. platys in
domestic dogs from Asuncién city, Paraguay.

2. Materials and methods
2.1. Animals

In order to accurately determine the prevalence of E. canis and A.
platys in Asuncién, Paraguay, the sample size required was estimated

according to Thrusfield [52]. For this, we considered a prevalence of
50%, which fits the criteria when the prevalence is unknown, with a
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Table 1
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Dog population from six locations in Asuncién, Paraguay, correlative percentage (%) per sector, number of sampled dogs and PCR prevalence for Ehrlichia canis and

Anaplasma platys in domestic dogs.

Locations

Total Number of dogs %

Number of Sampled dogs

Prevalence

E. canis A. platys

Santisima Trinidad 43,240 241 93 5.98% (23/384) 3.12% (12/384)
Recoleta 39,015 21.7 83 0.26% (1/384) 1.04% (4/384)
San Roque 39.070 21.8 84 1.30% (5/384) 2.86% (11/384)
La Encarnacién 24,086 13.5 52 0.78% (3/384) 1.30% (5/384)
La Catedral 21,078 11.8 45 1.56% (6/384) 0.78% (3/384)
Lambaré 12,747 7.1 27 0.52% (2/384) 1.56% (6/384)
TOTAL 179,236 100 384 10.41% (40/384) 10.67% (41/384)
Table 2
Summary information of the conventional PCR primer sets and their product sizes used in the study.
Primer Target Sequence (57-3") Product size (bp) Reference
ECC 16sRNAr AGAACGAACGCTGGCGGCAAGC 477 (primary) [53]
ECB Ehrlichia spp. CGTATTACCGCGGCTGCTGGCA
ECANS 16sRNAr CAATTATTTATAGCCTCTGGCTATAGGA 396 (Nested) [53]
HE3 Ehrlichia canis TATAGGTACCGTCATTATCTTCCCTAT
16SCNMF 16sRNAr GTGGCAGACGGGTGAGTAAT 866 [54]
817R Anaplasmataceae GAGTTTTAGTCTTGCGA
Apl_p44F3 P44 GCT AAG TGG AGC GGT GGC GAT GA CAG 520 [10]
Apl_p44R3 Anaplasma platys CGA TCT CCG CCG CTT TCG TAT TCT TC
RSP19 F RPS19 CCTTCCTCAAAAA/GTCTGGG 100 [31]
RSP19 R GTTCTCATCGTAGGGAGCAAG

sample of 384 dogs. A precision of 5% was used, with a 95% confidence
interval. The study was approved by the bioethics committee of Uni-
versidad Austral de Chile (UACh); under the protocol number UACh
238/2015. Over an 8-month period (August 2015 to March 2016), 384
client-owned dogs had their blood sampled by a veterinary team. The
dogs came from six locations throughout Asuncién city (La Encarna-
cion, La Catedral, San Roque, Lambaré, Recoleta and Santisima Tri-
nidad) in order to acquire a balanced and representative cohort
(Table 1).

Samples were taken from home visits to the pet-owner’s household
by a veterinary team. Dogs were sampled regardless of age, sex, health,
and reproductive status. Data obtained at the time of presentation in-
cluded age, sex, breed, veterinary care, health status, number of dogs in
the same house, tick infestation, and anti-tick treatment; being recorded
for potential risk factors. Each owner signed a consent form before
sampling. Blood samples were collected aseptically by cephalic or ju-
gular venipuncture, aliquoted in an EDTA collecting plastic tube
(Vacutainer®), and submitted to the Laboratory of Animal Infectious
Diseases of the Universidad Nacional de Asuncién, Paraguay. EDTA
anticoagulated blood samples were stored at -20 °C until PCR testing.

2.2. DNA extraction/purification

Frozen EDTA blood samples were thawed at room temperature and
vortexed in the Laboratory of Animal Infectious Diseases of the
Universidad Nacional de Asuncién, Paraguay. DNA extraction and
purification from 200 pL of blood was performed using E.Z.N.A. Tissue
DNA Kit (Omega’, Georgia, USA), according to the manufacturer's in-
structions, to obtain 100 uL of purified DNA. DNA concentration and
purity were determined (NanoDrop ND-1000 spectrophotometer;
Thermo Scientific©, USA). The 260,/280 nm absorbance ratio (OD260/
0OD280) provided an estimate of sample purity, accepting a ratio of
1.8 + 0.2 as “pure”. DNA was stored at —20 °C prior to performing
PCR assays.
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2.3. PCR assays

2.3.1. Conventional (c) PCR controls

The RPS19 gene was used as an endogenous control assay for canine
genomic DNA using the primers RPS19-F y RPS19-R [3]. The reaction
mixture for RPS19 was composed of 12.5 L Gotaq” Green Master Mix
(Promega®, Madisson, USA), 400nM of each primer (RPS19-F and
RPS19-R), 0.5 mM of MgCL, and 5L of template DNA, bringing the
total volume to 25 uL with nuclease free water (Thermo Scientific®,
USA). The thermic protocol was: 95 °C for 2 min followed by 40 cycles
of 95°C for 20, 61 °C for 30s, 72 °C for 30 s and a final extension of
72°C for 5 min.

All cPCR runs were performed with nuclease-free water as a nega-
tive control. As a positive PCR control, genomic DNA samples from
naturally infected dogs were used: E. canis genomic DNA, kindly sup-
plied by Dr. Rosangela Zacarias Machado from Universidade Estadual
Paulista UNESP, Jaboticabal, Brazil and (2) A. platys genomic DNA,
supplied by Dr. Nadia Almosny, from the Unversidade Federal
Fluminense, Niter6i, Brazil; both confirmed by PCR and sequencing. All
reactions were performed in a T100™ Thermal Cycler (Bio-Rad, USA).
The primer sequences used in cPCR are shown in Table 2.

2.3.2. Conventional (c) nested PCR for Ehrlichia canis screening

All 384 samples were submitted to a nested cPCR to amplify a 396
bp region of the 16SrRNA (16S) E. canis gene, as previously described
[53].

First amplification targeted a 477 bp region of the Ehrlichia spp. 16S
gene. The reaction mixture was composed of 12.5uL Gotaq” Green
Master Mix (Promega’, Madisson, USA), 300nM of each external
primer (ECC F and ECB R) and 5 pL of template DNA brought to a total
volume of 25 pL with nuclease free water (Thermo Scientific®, USA).
The thermal cycling protocol was as follows: 95 °C for 3 min followed
by 30 cycles of 94 °C for 1 min, 65°C for 1 min. and 72°C for 40s.
Amplification was completed with a final extension of 72 °C for 3 min.

All 384 products from the first cPCR were tested by species-specific
cPCR [53] targeting E. canis 16S. The reaction mixture was composed of
12.5 L Gotaq” Green Master Mix (Promega’, Madisson, USA), 300 nM
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of each primer (ECANS5 F and HE3 R) and 5 L of template DNA brought
to a total volume of 25 pL with nuclease free water (Thermo Scientific®,
USA). The thermal cycling protocol was as follows: 95 °C for 3 min
followed by 30 cycles of 94 °C for 1 min, 55 °C for 1 min and 72 °C for
40s. Amplification was completed with a final extension of 72°C for
3 min.

2.3.3. Conventional (c) PCR for A. platys screening

All 384 samples were submitted to a previously described cPCR
protocol [10] to amplify a 520bp region of the A. platys p44 gene. The
reaction mixture was composed of 12.5uL Gotaq” Green Master Mix
(Promegaw, Madisson, USA), 600 nM of each primer (Apl_p44F3 and M
Apl p44R3) and 5L of template DNA brought to a total volume of
25 pL with nuclease free water (Thermo Scientific®, USA). The thermal
cycling protocol was as follows: 95 °C for 3 min followed by 55 cycles of
94°C for 15s, 70°C for 15s and 72°C for 30s. Amplification was
completed with a final extension of 72 °C for 1 min.

2.3.4. Conventional (c) PCR for E. canis and A. platys molecular
characterization

Randomly selected positive E. canis and A. platys samples were
further tested by targeting a longer 16S fragment (866 bp) [54] for
sequencing and molecular characterization. The 16S cPCR reaction
mixture was composed of 12.5 uL. Gotaq” Green Master Mix (Promega’,
Madisson, USA), 300 nM of each primer (16SCNMF and 817R) and 5 pL
of template DNA brought to a total volume of 25 uL with nuclease free
water (Thermo Scientific®, USA). The thermal cycling protocol was as
follows: 95 °C for 2 min followed by 35 cycles of 95 °C for 1 min, 54 °C
for 1 min and 72 °C for 1 min. Amplification was completed with a final
extension of 72 °C for 5 min.

Positive A. platys p44 cPCR samples were also selected for sequen-
cing and molecular characterization of the A. platys p44 (520pb) gene,
as previously described [10].

2.3.5. Electrophoresis

Conventional PCR products were separated by 2% agarose gel
electrophoresis (LE Agarose Seakem’, Lonza) stained with SYBR® Safe
DNA gel stain (Thermo Scientific®, USA). DNA extraction/purification,
cPCR amplification and electrophoresis were performed in 3 separate
rooms to avoid cross contamination.

2.4. Sequencing

Ehrlichia canis products from the larger 16S protocol and Anaplasma
platys p44 and 16S products were purified with the commercial Silica
Bead DNA Gel Extraction Kit (Thermo Scientific®, USA) following the
manufacturer's instructions and sent to Macrogen® (Korea) for se-
quencing using the Sanger method [56] (BigDye Terminator cycle se-
quencing; Applied Bio-sys'[ems© ABI 3700DNA Analyzer, Carlsbag, CA)
in both directions and evaluated by the ABI’s sequence analysis soft-
ware (ABI, Carlsbad, CA).

2.5. Phylogenetic analysis

The obtained sequences were analyzed initially by BLAST using the
NCBI's Mega-BLAST algorithm [57]. In order to correctly determine the
nucleotide composition, the electropherograms were submitted to
PhredPhrap analysis [58], with the Phred quality score (peaks around
each base call) established as higher than 20 (99% in accuracy of the
base call). Final sequences were submitted to GenBank [59] and aligned
with published sequences using local alignment search tool (BLASTn).
The phylogenetic trees were built with the MEGA version 7 [60] soft-
ware using the Maximum-likelihood trees model GTR + G + I. The best
model of evolution was selected by the MEGA version 7 program, under
the Akaike Information Criterion (AIC).
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2.6. Data analysis

In order to determine overall E. canis and A. platys prevalence in
dogs from Asuncién, Paraguay, the PCR-positive dogs were divided by
the total number of tested animals, multiplied by 100, and expressed as
a percentage (%).

The relationships between risk factors and cPCR positivity for E.
canis and A. platys were examined using fixed-effect univariable logistic
regression. Factors with a likelihood-ratio test p-value < 0.25 were
considered for entry into a multivariable logistic regression analysis
[61].

The potential risk factors evaluated for E. canis and for A. platys
positivity were: anti-tick treatment (yes vs. no), breed (mixed-breed vs.
breed), sex (male vs. female), age (< 1 years vs. > 1 years), veterinary
care (yes vs. no) health status (healthy vs. sick), number of dogs (= 1
vs. > 1), tick infestation (yes vs. no). Initially, all selected variables
were forced into the multivariable logistic regression model. Manual
backwards elimination was used for model building, excluding vari-
ables with a p-value > 0.05 in the likelihood ratio test. The fit of the
fixed-effect in the final model was assessed using Hosmer-Lemeshow
goodness-of-fit test [62] and the area under the curve of the receiver-
operating characteristic (ROC). Odds ratios (OR) were calculated with a
95% confidence interval (CI). A p value < 0.05 was considered sta-
tistically significant. Data were analyzed using statistical STATA 13
version.

3. Results
3.1. Ehrlichia canis and Anaplasma platys prevalence in domestic dogs

All 384 DNA samples (Mean [X] and Standard Deviation (SD) of
DNA concentration = 25.66 *+ 6.55ng/ul, mean, and SD 260/280
ratio = 1.80 = 0.15) were positive for the RPS19 endogenous gene
and there was no amplification of negative controls. According to the
cPCR protocol, 40 out of 384 samples (10.41%, 95% [CI: 7.4-13.4%])
were positive for E. canis and 41 out of 384 samples (10.67%, 95% [CI:
7.5-13.7%]) were positive for A. platys (Table 1).

3.2. Phylogenetic analysis

Of 40 E. canis 16S-cPCR positive samples, 7 were sequenced for the
16S larger fragment. BLAST and phylogenetic analyses supported the
identification of products based on the 16S gene (~800bp) (GenBank
accession numbers: MG967461-MG967463, MG967465-MG967468),
showing 99%-100 identity to E. canis in a dog from Turkey (GenBank
accession number KY594915). Those fragments were closely positioned
to each other and to E. canis isolates from dogs in Venezuela
(AF373612), China (AF162860), Spain (AY394465), Peru (DQ915970),
Israel (U26740), Japan (AF536827), Italy (EU439944), Brazil
(EF195134), and USA (NR_118741), supported by high bootstrap va-
lues (100) in Maximum Likelihood phylogenetic analysis (Fig. 1).

Of 41 A. platys 16S-cPCR positive samples, 5 were sequenced for the
16S larger fragment. BLAST and phylogenetic analyses supported the
identification of products based on the 16S gene (~866bp) (GenBank
accession numbers: MH129057, MH129058, MH129060- MH129062),
showing 98%-100 identity to A. platys in dogs from Cuba (KX792089),
Costa Rica (KY389143), and ticks from India (MGO050139). In the
phylogenetic tree based on the 16S gene, 4 A. platys sequences from
Paraguay clustered together and with other A. platys dog isolates from
Uruguay (KX792011) and Japan (AY077619), and one sequence was in
another clade, closely related to A. platys from Mexico (KT357371)
(Fig. 1) (Table 3).

Additionally, the analysis of 9 A. platys sequenced products based on
the p44 region (GenBank accession numbers MG679902-MG679909,
MG679911) showed 99-100% identity to A. platys from dogs in
Venezuela (GenBank accession number GU357492). Based on the
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Ehriichia canis dog Venezuela/(AF373812)
Ehriichia canis China/(AF 182280)
Ehriichia canis dog Spsin/(AY384485)
Ehriichia canis dog Peru/(DQ815870)
Ehriichia canis dog Isre=l/(U28740)
Ehriichia canis dog Jepan/(AF536827)
Ehriichia canis dog Italy/(EU439844)
Ehriichia canis dog Brasil/(EF165124)
Ehriichia canis dog Paraguay/(MG887488)™
Ehriichia canis dog Peraguay/(MG887486)™
Ehriichia canis dog Paraguay/(MG8687485)
Ehriichia canis dog Peraguay/(MG887483)™
Ehriichia canis dog Peraguay/(MG887481)™
Ehriichia canis dog Paraguay/(MGB887462)
Ehriichia canis dog USA/(NR 118741)
Ehrlichia cenis dog Pareguey/(MG237457)™
Ehrlichia chsffeensis human USA/(NM73222)
Ehriichis ewingii USA/(US3428)
Anaplasma marginsale USA/(AF308857)
Anaplasma centrale cattle Japsn/(AF414888)
Ansplasma ovis sheep Ching/(AJB33052)
Angplasma phagocytophilum dog Austria/(GU233870)
Angplasma phagocytophilum/(M73220)
Anaplasma phagocytophilum cat Brasil/(KFSG4048)
Anaplasmas platys dog Paraguay/(MH12206 1)*
Angplasma platys cog Mexico/(KT357371)
Anaplasma plsatys dog Japan/(AY077618)
Anasplasma platys dog ‘Urugusy/(KX782011)
Ansplasma platys dog Psraguay/(MH128057)**
Anasplasma platys dog Psraguay/(MH120058)*
Anaplasma platys dog Paraguay/(MH128030)**
Anasplasma platys dog Paraguay/(MH1280352)**

83

65

| e |
0.1

Bartonells henselae human Germany/(EF206013)

Fig. 1. Phylogenetic relationships within the Anaplasmataceae family based on 800pb fragment of the 16S RNA gene after alignment. The tree was inferred by using
the ML method and evolutive model GTR + G + 1. The numbers at the nodes correspond to bootstrap values higher than 50% obtained with 1000 replicates.
Bartonella henselae was used as and out-group. ** Sequences from the present study.

phylogenetic tree of the p44 gene, all A. platys sequences from Paraguay
clustered together and were closely related to A. platys sequence de-
tected in a domestic dog from Taiwan (KJ155503) (Fig. 2).

3.3. Risk factor analysis

From the eight potential risk factors analyzed in the univariate fixed
logistic model for E. canis, two passed the multivariate test: age and
veterinary care. Concerning A. platys, anti-tick treatment and number of
dogs in the same household were factors that passed the multivariate
test. The number of animals per category, their respective Odds Ratio
(OR) and p value are shown for E. canis (Table 4) and A. platys
(Table 5).
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When including the two E. canis variables in a multivariate logistic
analysis, both were considered risk factors in dogs (Table 6). The same
pattern was observed when including the two A. platys variables in a
multivariate logistic regression (Table 7).

4. Discussion

Asuncién has a tropical savanna climate characterized by hot humid
summers and warm winters [63]. Relative humidity is high in the
summer; therefore the heat index is higher than the true air tempera-
ture. The country’s climate is suitable for R. sanguineus s.1. proliferation,
being an environment conducive to the appearance of Ehrlichiosis and
Anaplasmosis in dogs [64-66]. In South America, while E. canis has
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Table 3
Sequenced Ehrlichia canis and Anaplasma platys products from domestic dogs in Asuncién, Paraguay, with their closely BLAST identity.
PCR positive samples 16S P44 gene cPCR Closest BLAST identity (%) Query Coverage E- value
cPCR Organism Identity Accession Number

4C Positive Ehrlichia canis (99%) KY594915 100% 0.0
36SR Positive Ehrlichia canis (99%) KY594915 100% 0.0
47SR Positive Ehrlichia canis (99%) KY594915 98% 0.0
72SR Positive Ehrlichia canis (99%) KY594915 100% 0.0
73SR Positive Ehrlichia canis (99%) KY594915 99% 0.0
75SR Positive Ehrlichia canis (99%) KY594915 100% 0.0
89ST Positive Ehrlichia canis (100%) KY594915 100% 0.0
10E Positive Anaplasma platys (99%) GU357492 100% 0.0
2SR Positive Anaplasma platys (99%) GU357492 99% 0.0
5SR Positive Anaplasma platys (99%) GU357492 100% 0.0
10SR Positive Anaplasma platys (99%) GU357492 99% 0.0
11L Positive Anaplasma platys (99%) GU357492 100% 0.0
13C Positive Anaplasma platys (99%) GU357492 100% 0.0
14 Positive Anaplasma platys (99%) GU357492 99% 0.0
14R Positive Anaplasma platys (99%) GU357492 100% 0.0
10E Positive Anaplasma platys (98%) KX792089 98% 0.0
10SR Positive Anaplasma platys (98%) KX792089 98% 0.0
16L Positive Anaplasma platys (99%) MG050139 100% 0.0
17SR Positive Anaplasma platys (100%) KX389143 98% 0.0
52SR Positive Anaplasma platys (99%) KX792089 98% 0.0

Anaplasma platys dog Paraguay**/MG6792802

Anaplasma platys dog Paraguay**/MG679%03

Anaplasma platys dog Paraguay**/MG6793804

Anaplasma platys dog Paraguay**/MG6793805

59| Anaplasma platys dog Paraguay**/MG6792906

Anaplasma platys dog Paraguay**/MG679208

Anaplasma platys dog Paraguay**/MG6792809

85 Anaplasma platys dog Paraguay**/MG679207

628 Anaplasma platys dog Taiwan/KJ155503
Anaplasma platys dog Paraguay**/MG679911
Anaplasma platys dog Venezuela/GU357492
93I Anaplasma platys dog Venezuela/GU357493
| Anaplasma platys dog Taiwan/GU357497
o1 Anaplasma platys dog Taiwan/GU357495
Anaplasma platys dog Taiwan/GU357494
66 Anaplasma platys dog Taiwan/GU357496
Anaplasma phagocytophilum dog South Korea/MF506839
—

02

Fig. 2. Phylogenetic relationships within Anaplasma platys based on 520pb fragment of the p44 gene after alignment. The tree was inferred by using the ML method
and evolutive model GTR + G + 1. The numbers at the nodes correspond to bootstrap values higher than 50% obtained with 1000 replicates. Anaplasma phago-

cytophilum was used as an out-group. ** Sequences from the present study.

been described in Peru [7], Colombia [40], Brazil [18], Chile [67] and
Argentina [23], A. platys was detected in Chile [68], Argentina [21,23],
Uruguay [20], Brazil [18,38,69], Colombia [25], Mexico [36] and Peru
[43]. To the best of our knowledge, this is the first molecular detection
of E. canis and A. platys in domestic dogs from Paraguay. Both E. canis
and A. platys were found in all sampled locations, therefore, it could be
inferred that they are widely distributed in Asuncién city.

The overall prevalence of E. canis (10.41%) and A. platys (10.67%)
in Paraguay was similar to the prevalence described for A. platys in
Brazil (9.1%-14.09%) [18,70], slightly higher when compared to E.
canis (6.7%) and A platys (7.2%) frequency in Buenos Aires, Argentina
[23], and lower than that described for E. canis (23.3%-38.9%) in other
regions of Brazil [38]. A high E. canis prevalence was reported in dogs
in Colombia (40.6%) [40], Costa Rica (32%) [71] and Peru (51.3%)
[48]. In contrast, low occurrences for E. canis (3%) and A. platys (4%)

35

were observed in Mexico [36].

A low prevalence of E. canis (1.7-6%), and A. platys (3.7%), were
described in Europe [32,72,73]. In Asia and Africa, studies performed
in Iran [74], Malaysia [75], Turkey [76], Algeria [34], Nigeria [77] and
South Africa [78], reported frequencies that ranged between 2%—-22.5%
for E. canis and 4%-7.7% for A. platys. As for co-infections, a low per-
centage was observed in Paraguay (1.3%), compared to those detected
in Brazil (5.4%) and Panama (7.5%) [79,80]. The variations in world-
wide prevalence can be associated with the infection status, differences
in climate and ecology, distribution of vectors, socioeconomic factors,
and the tests used to evaluate infection (nested PCR, Real time PCR)
[22,81-83].

Phylogenetic analysis of E. canis and A. platys obtained in this work
showed high similarity to worldwide isolates. Phylogenetic analysis
based on the secondary structure of 16S rRNA suggests that the gene
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Table 4
Univariable logistic regression model of risk factors associated with E. canis
positivity in domestic dogs (n = 384) from the Asuncién city, Paraguay.
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Table 6
Multivariable logistic regression model for risk factors associated with Ehrlichia
canis positivity in domestic dogs (n = 384) from the Asuncién city, Paraguay.

Variable Total  E. canis PCR OR p value
Positive  Negative 95% CI

Number of dogs 384 22 24 1.00 0.69-2.60 0.377
=1 236 18 130 1.34
> 1 148

Sex 384 19 172 1.00 0.57-2.12 0.765
Male 191 21 172 1.10
Female 193

Age 384 9 32 1.00 1.23-6.46 0.014
=1 41 31 312 2.83
> 1 343

Breed 384 32 236 1.00 0.81-4.10 0.142
Mixed breed 268 8 108 1.83
Pure Breed 116

Veterinary care 384 30 307 1.00 1.25-6.11 0.012
Yes 337 10 37 2.76
No 47

Tick infestation 384 38 318 1.00 0.35-6.80 0.559
Yes 356 2 26 1.55
No 28

Anti-tick treatment 384 28 253 1.00 0.54-2.39 0.724
Yes 281 11 87 1.14
No 98

Health status 384 37 323 1.00 0.35-4.38 0.731
Healthy 360 3 21 1.24
Sick 24

* Statistically significant.

Table 5
Univariable logistic regression model of risk factors associated with Anaplasma
platys positivity in domestic dogs (n = 384) from the Asuncién city, Paraguay.

Variable Total  A. platys PCR OR 95%CI p value
Positive  Negative

Number of dogs 384 18 218 1.00 1.15-4.28 0.016*
=1 236 23 125 2.22
> 1 148

Sex 384 24 167 1.00 0.34-1.29 0.235
Male 191 17 176 0.67
Female 193

Age 384 4 37 1.00 0.30-2.65 0.840
=1 41 37 306 0.89
> 1 343

Breed 384 27 241 1.00 0.41-1.62 0.562
Mixed Breed 268 14 102 0.81
Pure Breed 116

Veterinary care 384 33 304 1.00 0.81-4.38 0.138
Yes 337 8 39 1.88
No 47

Tick infestation 384 40 316 1.00 0.45-25.83 0.234
Yes 356 1 27 3.41
No 28

Anti-tick treatment 384 24 257 1.00 1.05-4.12 0.034*
Yes 281 16 82 2.08
No 98

Health status 384 40 320 1.00 0.45-2.64 0.308
Healthy 360 1 23 0.34
Sick 24

“Statistically significant.

Risk Factor OR 95% CI p value
Age 1.00 1.21-6.47 0.016°
=1 2.80
> 1
Veterinary care 1.00 1.22-6.11 0.014
Yes 2.73
No

* Statistically significant. AUC: 0.73 Homer Lemeshow x2: 0.13 p = 0.7164.

Table 7

Multivariable logistic regression model for risk factors associated with
Anaplasma platys positivity in domestic dogs (n = 384) from the Asuncién city,
Paraguay.

Risk Factor OR 95% CI p value
Number of dogs 1.00 1.04-3.96 0.036°
=1 2.03
> 1
Anti-tick treatment 1.00 1.02-4.02 0.043"
Yes 2.02
No

* Statistically significant. AUC: 0.70 Homer Lemeshow x2 2.41 p = 0.7209.

appeared to be highly conserved in most strains [84]. Studies with less
conserved genes such as p30 for E. canis [85] and GroEL for A. platys
[86] are necessary to confirm this high identity between sequences.

Positivity for E. canis was more frequently observed in older dogs as
opposed to juvenile ones, which was also described in another mole-
cular and serological study in domestic dogs from Brazil [42]. This
result is in accordance with several reports [18,49,71,87,88] and may
be due to the increased exposure to infection throughout life
[48,89,90]. The lower immune system competence of older dogs, which
often develop concurrent diseases such as cancer, could also be related
to higher odds of infection [91].

The absence of veterinary care was a risk factor for E. canis posi-
tivity, reflecting that a lack of dogs’ heath care may relate to a higher
risk of infection. A higher tick infestation is reported in dogs without
appropriate protection, and parasitic loads can reach hundreds of ticks
per animal, with ticks in all developmental stages [92]. Furthermore,
lack of veterinary care leaves the dogs exposed to the acquisition of
other diseases; viral, bacterial, fungal or parasitic. A good measure of
sanitary protection is a periodic control with a veterinarian, at least
once a year [93].

A higher number of dogs from Paraguay in the same household was
significantly associated with A. platys positivity. A high density was
previously described as a risk factor related to E. canis seropositivity
[90]. It is well known that the population density of dogs is a predis-
posing factor for a high prevalence and intensity of canine infestation
with R. sanguineus s.l. [94], which may led to a higher transmission of
tick borne pathogens.

Dogs that were not treated with ectoparasiticides had higher odds of
being positive for A. platys. One study showed that the presence of ticks
is a very important factor for the transmission of A. platys, demon-
strating that the greater the number of ticks, the more effective trans-
mission will be [95]. The lack of treatment with ectoparasiticides or
tick repellents results in higher R. sanguineus s.l. infestation in dogs
[94,96]. It should be mentioned that 3h of tick attachment to dogs is
sufficient to produce efficient transmission of E. canis to the vertebrate
host [97].

Although anti-tick treatment was a protective factor against A.
platys infection, the presence of ticks was not considered a risk factor for
A. platys or E. canis positivity. This indicates that not every blood meal
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that a R. sanguineus s.l. consumes on an infected dog results in tick
infection (rate of infection in questing ticks). Moreover, a low infection
rate of ticks from Paraguay with E. canis and A. platys might explain this
finding [98]. Future studies should be performed to determine the rate
of infection on questing ticks from Paraguay.

This result is different to many other studies that correlate tick in-
festation with molecular and serological positivity for A. platys and E.
canis [95,99]. High exposure to ticks (93%) was observed in sampled
dogs from Paraguay and this could be related to the absence of statis-
tically significant results for tick infestation [45].

Sex, breed and health status were not considered risk factors for E.
canis or A. platys, which correlate with the results of other authors
[45,83,100-102]. This suggests that there are more environmental than
immunological factors, as well as ecological and social factors [71,90]
that could influence the risk of infection, and should be considered for
future studies.

5. Conclusions

The overall prevalence of E. canis and A. platys in domestic dogs
from Asuncion, Paraguay correlate with that described worldwide.
Older dogs without veterinary care had higher odds for E. canis posi-
tivity and a higher number of dogs in the same household, as well as the
absence of anti-tick treatment were considered risk factors for A. platys.
Ehrlichia canis and A. platys circulate in the dog population of Asuncién
and are molecularly described for the first time in Paraguay.
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