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A B S T R A C T   

Anaplasma platys and Ehrlichia canis are members of the Anaplasmataceae family that cause disease in dogs and 
are mainly transmitted by Rhipicephalus sanguineus species group ticks. We performed a cross-sectional study on 
these pathogens across six bioclimatic regions of Chile, including 719 free-ranging rural dogs, 132 Andean foxes 
(Lycalopex culpaeus), and 82 South American gray foxes (Lycalopex griseus). Dog and fox blood samples were first 
screened for DNA of Anaplasmataceae followed by two Ehrlichia-specific protocols. Antibodies against Anaplasma 
sp. and E. canis were assessed by immunofluorescence in dogs. Ectoparasites were collected and identified, with 
the determination of the lineages of the Rhipicephalus sanguineus species group by molecular and phylogenetic 
analyses. Finally, potential risk factors for infection were investigated across the different bioclimatic regions and 
host species. All DNA amplicons obtained from the screening protocol corresponded to Anaplasma platys. The 
occurrence of both A. platys DNA and antibodies was confirmed in all six bioclimatic regions, except for regions 
at high altitude and/or without either R. sanguineus species group lineage present. Dogs infested with 
R. sanguineus ticks were significantly more prone to be infected and exposed to Anaplasma spp. Prevalence of 
DNA was significantly higher in juvenile (19%) than in adult dogs (9%), whereas the opposite was found for 
seroprevalence (19% versus 35%, respectively). Overall prevalence of A. platys DNA was higher in dogs (11%) 
than in foxes (4%), probably owing to markedly lower tick infestations in the foxes. Ehrlichia canis DNA was not 
detected in any sample, and antibodies against this pathogen were detected only in four dogs, in areas with both 
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R. sanguineus lineages present. Free-ranging dogs in Chile could be favoring the maintenance of A. platys in all 
areas suitable for its tick vector. Although apparently infrequent, spillovers from dogs to foxes may be taking 
place and should be considered in management plans in Chile.   

1. Introduction 

The Anaplasmataceae family comprises obligate intracellular bac-
teria transmitted by ticks that parasitize mammals (Cocayne and Cohn, 
2012). In dogs, Ehrlichia canis infects mononuclear cells causing Canine 
Monocytic Ehrlichiosis, while Anaplasma platys causes Canine Infectious 
Cyclic Thrombocytopenia due to platelet infestation (Cocayne and 
Cohn, 2012). Infection with these pathogens is often asymptomatic but 
can lead to severe complications when the host is co-infected with other 
agents (De Tommasi et al., 2014). Experimental studies have demon-
strated that E. canis produces severe signs of infection (anorexia, anemia, 
thrombocytopenia) in African wild dogs (Lycaon pictus), while in do-
mestic dogs the infection tends to be silent (Van Heerden, 1979). 
However, the clinical repercussions of Anaplasmataceae agents in wild 
carnivores are far from fully investigated (André, 2018). Human in-
fections with these agents have also been reported, suggesting a zoonotic 
potential (Maggi et al., 2013; Perez et al., 2006). 

Both pathogens are present in several South American countries 
(Carvalho et al., 2017; Eiras et al., 2013; Oscherov et al., 2011; Vieira 
et al., 2018). In Chile, antibodies against E. canis were first reported in an 
urban dog from Santiago (López et al., 1999), but the only confirmed 
case of Canine Monocytic Ehrlichiosis originated in northern Chile, close 
to the border with Peru (López et al., 2012). Anaplasma platys has been 
confirmed by molecular methods in the city of Santiago (Abarca et al., 
2007), and recently, a serological survey reported the presence of an-
tibodies against Anaplasma in dogs from four Chilean regions (Acosta--
Jamett et al., 2020). So far, no study has investigated the presence of 
these agents in wild canids in Chile, as surveys in South America have 
been carried out only in Brazil and Argentina (André et al., 2012; De 
Sousa et al., 2017; Eberhardt et al., 2020; Millán et al., 2019). 

The main vectors of E. canis and A. platys are ticks belonging to the 
Rhipicephalus sanguineus species group (Inokuma et al., 2000; Snellgrove 
et al., 2020), which are represented in the New World by Rhipicephalus 
sanguineus sensu stricto (s.s.), also known as the temperate lineage, and 
R. sanguineus sensu lato (s.l.), the tropical lineage (Nava et al., 2018). 
The geographical boundaries separating these lineages are located be-
tween the 24º and 25º of Southern latitude (Nava et al., 2012). In Chile, 
the presence of both lineages has been described (González-Acuña and 
Guglielmone, 2005; Oyarzún-Ruiz et al., 2020), presenting a transition 
area around these latitudes where the tropical and temperate lineages 
coexist (Díaz et al., 2018). The existence of these two lineages has spe-
cial relevance in the Americas due to an apparent higher competency of 
the tropical lineage in the transmission of E. canis (Moraes-Filho et al., 
2011). In contrast, A. platys transmission appears to be independent of 
the R. sanguineus lineage (Cicuttin et al., 2015). 

Climate variations modulate the prevalence and expansion of vector- 
borne pathogens, due to that ticks spend most of their life-cycle in the 
environment (Gray et al., 2009). The high adaptation of ticks of the 
R. sanguineus species group to parasitize the domestic dog allows these 
ticks to be present in a wide variety of climatic conditions (Szabó et al., 
1995). However, the ticks spend more than 90% of their life cycles in the 
environment, explaining why their presence is influenced by environ-
mental conditions (Labruna et al., 2005). Although R. sanguineus species 
group can persist in the ground without feeding for months (Goddard, 
1989) and laboratory studies demonstrated that larvae are 
desiccation-tolerant and can molt at a wide range of temperatures and 
humidities (Heath, 1981), the external climatic conditions have proven 
to be key for the establishment of R. sanguineus species group in a region 
(Gray et al., 2009). In this regard, Angelou et al. (2019) proposed that 
the mean environmental temperature was a key factor for the 

distribution of these ticks and, in consequence, of the prevalence of their 
associated pathogens in dogs. Precipitation and altitude have also been 
associated with the prevalence of Anaplasma in dogs (Matei et al., 2017). 
Host factors are also important for establishment of R. sanguineus pop-
ulations as confinement of dogs and lack of prophylaxis against vectors 
(Maggi and Krämer, 2019). 

Chile is a country extending over 4300 km from North to South that 
includes a diversity of climates, ranging from deserts in the North to ice 
fields in the South, including Mediterranean and continental regions 
(Mann, 1960). Precipitation and temperature also differ drastically be-
tween the different bioclimatic areas (INE, 2014). This variety of cli-
matic conditions provides more or less suitable conditions for arthropod 
vectors to survive based on their biological requirements, and in 
consequence, a range of suitable conditions for the presence of 
vector-borne pathogens, such as the Anaplasmataceae (Sutherst, 1993). 
The bioclimatic gradient present across Chile, therefore, provides an 
ideal scenario for the study of tick-borne pathogens (Mann, 1960; 
Sutherst, 1993). 

Taking into account the veterinary and potential public health 
importance of these tick-borne agents, and considering that they have 
not been studied in detail in Chile, this work aimed to use molecular and 
serological methods to describe the geographical distribution and the 
risk factors of Anaplasmataceae infection in dogs across the different 
Chilean bioclimates potentially suitable for R. sanguineus species group. 
We also evaluated the presence of these pathogens in Chilean wild foxes 
for the first time. Finally, we aimed to gain insight into potential asso-
ciations between Anaplasmataceae and the two R. sanguineus lineages. 

2. Materials and methods 

2.1. Study site and sampling 

Samples were obtained from six different bioclimatic areas of Chile 
(CONAMA, 2008), namely Coastal Desert (CD), Mountain Desert (MD), 
Steppe, Mediterranean, Temperate warm rainy (TWR), and Temperate 
maritime rainy (TMR). However, since the limit of the temperate and 
tropical lineages of R. sanguineus crosses two of the study areas (CD and 
MD), these were further subdivided into three zones each: from 18ºS to 
20ºS (CD and MD North), from 22◦S to 33◦S (CD and MD South), and a 
buffer area between these latitudes (CD and MD Transition; Fig. 1, 
Table 1). Regions south of TMR were not included due to their unsuit-
ability for tick survival (Dantas-Torres et al., 2010). 

Between 2015 and 2019, 719 rural dogs were sampled after the 
written consent of the owners. The minimum sample size to determine 
pathogen prevalence was calculated using WinEpi (de Blas, 2006), as 73 
dogs in each study area, for unknown population size and with a 95% 
confidence level and an expected pathogen prevalence of 25%. This 
expected prevalence was obtained from a previous study in the country 
(Abarca et al., 2007). The prerequisites for a dog to be included in the 
study comprised not being permanently confined and not having trav-
eled to other regions during the last year. Whole blood and serum were 
obtained by venipuncture of the cephalic vein and collected in EDTA and 
clean tubes, respectively. Ectoparasites were collected through a 5-min 
examination protocol (Marchiondo et al., 2013) and stored in 90% 
ethanol until identification. Those ectoparasites collected from the 
Mediterranean region were included in a previously published study 
(Cevidanes et al., 2021). The lack of application of external antiparasitic 
treatment in the past three months by the owner was recorded to be used 
as a potential risk factor against Anaplasmataceae infection. Dogs were 
classified as juveniles (<1 year) or adults (1 year or older) according to 
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the information provided by the owner, and confirmed by examination 
of teeth eruption. Individual sex of dogs, year, sampling season, and 
geographic sampling location were also recorded. 

Eighty-two South American gray foxes (Lycalopex griseus) and 132 
Andean foxes (Lycalopex culpaeus) were sampled between 2006 and 
2019 either by active or passive surveillance. Due to logistic constraints, 
active sampling was only performed in the Mediterranean, Steppe, and 
TWR regions, resulting in the sampling of 59 gray and 78 Andean foxes. 
Leg-hold traps (Oneida Victor Soft Catch No. 1.5, Cleveland, Ohio, USA) 
baited with tuna or chicken were used, and foxes were anesthetized 
following Chirife et al., 2020 in the Mediterranean region, and following 
Acosta-Jamett et al., 2010 in the Steppe and TWR regions. Passive sur-
veillance (23 gray and 54 Andean foxes) included animals admitted to 
animal rehabilitation centers or road-killed animals. Only blood was 
obtained from foxes, which were classified as juveniles (<1 year) or 
adults (1 year or older) whenever possible, based on teeth eruption 
(Iriarte and Jaksic, 2012). 

All procedures in domestic and wild canids were conducted with 
consideration of animal welfare protocols, according to the approval of 
the authorities in bioethics from the Universidad Andres Bello under 
authorization 08/2016. Capture permits were granted by the Servicio 
Agrícola y Ganadero (SAG) of Chile. 

2.2. DNA extraction and molecular detection 

DNA was extracted from whole blood of 593 dogs, 82 gray foxes, and 
132 Andean foxes using a kit (DNeasy Blood & Tissue kit; Qiagen®, 
Hilden, Germany) according to the manufacturer’s instructions. All 
samples were subjected to an internal control for DNA extraction. 
Samples were first screened for Anaplasmataceae DNA using a conven-
tional PCR protocol targeting a 345-bp fragment of the 16S rRNA gene 
(Table 2). Since all amplicons obtained with this protocol corresponded 

to A. platys (see below), two specific Ehrlichia sp. protocols were 
consequently performed to detect potential A. platys/E. canis coin-
fections (Table 2). All positive samples obtained were sequenced by 
Macrogen Inc. (Geumcheon-gu, Seoul, South Korea), and the sequences 
obtained were compared with sequences deposited in the GenBank® 
database (National Center for Biotechnology Information, NCBI). Posi-
tive controls were obtained from clinical samples of A. platys and E. canis 
from previously sequenced dog blood samples. Ultrapure water was 
used as a negative PCR control. Two percent agarose gel electrophoresis 
was performed, and PCR products were visualized under a UV 
transilluminator. 

2.3. Antibody detection 

Serum samples from 525 dogs were analyzed, of which 399 were also 
screened by PCR. Sera were analyzed for IgG antibodies using two Fuller 
Laboratories® indirect fluorescence immunoassays (Fullerton, CA, 
USA), following the manufacturer’s instructions. The Anaplasma phag-
ocytophilum IFA Canine IgG Antibody Kit detects antibodies against 
members of the family Anaplasmataceae (both Anaplasma and Ehrlichia) 
at a 1:80 dilution. As the main vectors for A. phagocytophilum are Ixodes 
and Haemaphysalis species (Stuen, 2007) which have never been re-
ported in Chile (Abarca et al., 2016; González-Acuña and Guglielmone, 
2005; Nava et al., 2017), we assumed that these antibodies most likely 
corresponded to exposure to A. platys. Positive samples were analyzed 
by a second E. canis-specific assay to detect the presence of concurrent 
Ehrlichia antibodies (Ehrlichia canis IFA Canine IgG Antibody Kit), at a 
1:50 dilution, according to the manufacturer’s instructions. A fluores-
cence microscope was used to interpret the results, and each sample was 
compared with the positive and negative control sera provided by the 
kit. 

Fig. 1. Prevalence of Anaplasma platys DNA and antibodies for dogs and foxes in the bioclimatic regions of Chile studied. Overall molecular prevalence is presented in 
the fox and dog icons. The number of sampled animals is in parentheses. Information about the exact location of foxes from the Coastal Desert region was not 
available. CD: Coastal Desert, MD: Mountain Desert. TWR: Temperate Warm Rainy, TMR: Temperate Maritime Rainy. 
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2.4. Tick identification 

Ticks were identified based on morphological criteria following 
taxonomic keys (Nava et al., 2017), and confirmed by molecular 
methods whenever the head of the tick was absent. Prevalence, mean 
abundance, and mean intensity of tick infestation were calculated (Bush 
et al., 1997). In addition, to determine lineages of R. sanguineus species 
group, DNA from 10 specimens retrieved from dogs from Coastal Desert 
North, Coastal Desert Transition, Coastal Desert South, and Steppe re-
gions were extracted individually using the previously mentioned Qia-
gen® kit, according to the manufacturer’s instructions for insect 
samples. A PCR protocol targeting a 455 bp fragment of the 16S gene 
was performed following Lv et al. (2013) (Table 2). Amplicons were 
sequenced by Macrogen Inc. and lineages were determined by 
comparing them with previous sequences deposited in the GenBank® 
database and through phylogenetic analysis. The sequence alignments 
were performed with ClustalW implemented in Geneious Prime® 
2019.2.1 (Biomatters Limited, 2020). To determine the presence of 
nucleotide sequence types (ntST) among the ticks retrieved, we per-
formed a haplotype analysis using the software DnaSP.6 (Rozas et al., 
2017). The best model Tamura Nei 3 was selected by the jModelTest 
software (version 2.1.6) (Darriba et al., 2012). A maximum likelihood 
tree was performed with 1000 replicates using MEGA 7.0.26 (Kumar 
et al., 2016). 

2.5. Data analysis 

All statistical analyses were performed in R version 4.0.2 (R.Core. 
Team, 2017). Estimated DNA prevalence and seroprevalence of Ana-
plasmataceae in each host species and bioregion, and tick mean abun-
dance and mean intensity for dogs were calculated using the “epiR” 
package (Stevenson et al., 2013). Comparisons of prevalence between 
dogs and foxes were performed using χ2-square tests. 

In dogs, analyses of risk factors associated with A. platys DNA and 
antibody occurrence were calculated using Generalized Linear Models 
(GLM). We compared zero-inflated models, fixed-effects and standard 
binomial models using Akaike’s Information Criterion corrected for 
small sample size and residuals analysis, finding that the binomial GLM 
model performed better (ΔAICc = 314.31). Anaplasma platys antibodies 
and molecular presence/absence were binary coded and compared with 
intrinsic (individual) variables including age, sex, previous ectoparasitic 
treatment, and abundance of infesting R. sanguineus group ticks (defined 
as none=zero ticks, low=1–10 ticks, and high=over 10 ticks). The best 
model was selected using the “dredge” function from the “MuMIn” 
package (Barton, 2020). Differences in molecular and serological prev-
alence of A. platys in dogs among bioregions were tested using χ2-square 
tests. Due to the small sample size in foxes, analyses of risk factors 
associated with DNA presence were tested using χ2-square tests or 
Fisher’s exact test. Independent variables included age, sex, and fox 
species. Differences among bioregions in foxes were also analyzed using 
χ2-square tests or Fisher’s exact test. 

2.6. Data accessibility 

Newly obtained sequences from this study were submitted to Gen-
Bank® (https://www.ncbi.nlm.nih.gov/genbank/) under the accession 
numbers MT747970 (A. platys), MT747971 (A. platys), and MW810258 
(R. sanguineus-ntST4). 

3. Results 

3.1. Molecular analyses 

The screening protocol revealed DNA of Anaplasmataceae in 67 dogs 
(observed prevalence=11.3%, 95% Confidence Interval= 8.9–14.1%) 
and in nine foxes (4.2%, 95% C.I.=2.2–7.8%), of which five were South 
American gray foxes and four were Andean foxes. Infection prevalence 
per bioclimatic region in dogs ranged from 0% in the Mountain Desert to 
~37% in the Mediterranean region. In foxes, infection prevalence was 
between 3 and 6% in most of the regions, but no infections were found in 
the southern region (Fig. 1, Table 3). Sequencing revealed the presence 
of two ntST. The most common ntST, found in foxes and dogs, had 100% 
identity with a previously published sequence of A. platys (Accession 
Number CP046391). Meanwhile, the ntST present in a single South 
American gray fox had 99.0% identity with the same A. platys sequence. 
All the analyzed samples tested negative for E. canis. 

3.2. Serological analyses 

The Anaplasmataceae IFA test revealed the presence of antibodies in 
168 dogs (32%; 95% C.I.= 28–36%). Seroprevalence mirrored the dis-
tribution of the prevalence of DNA and ranged from 0% in the Mountain 
Desert Transition and TWR to 55% in the Mediterranean region (Fig. 1, 
Table 3). Of those 399 dogs for which both IFA and PCR tests were 
performed, 109 were seropositive only, 53 dogs were positive by PCR 
only, and 35 were positive by both methods. The E. canis IFA test 
revealed antibodies in four dog sera (2.4%; 95% C.I.=0.9–6.0%). 

3.3. Tick infestation and phylogenetic analyses of R. sanguineus 

A total of 1721 adult ticks were retrieved from dogs. The over-
whelming majority (1710) belonged to the R. sanguineus species group 
for an overall infestation prevalence of 29% (95% C.I.=25–32%), a 
Mean Abundance (M.A.) of 2.4 ticks per examined dog (Standard 
Deviation=7.12), and a Mean Intensity (M.I.) of 8.3 ticks per infested 
dog (S.D.=11.3). Prevalence of infestation by R. sanguineus species 
group per bioregion ranged from 0% in Mountain Desert North to 69% in 
the Steppe, with no tick found south of the Mediterranean region 
(Table 4). Additional ticks collected included 10 Amblyomma tigrinum 
from six dogs sampled in two bioregions (Steppe and Mediterranean) 
(prevalence=0.8%, 95% C.I.=0.4–1.8%; M.A.= 0.01±0.01; M.I.=1.7 ±
0.7), and a single specimen of Amblyomma triste from a dog in Coastal 
Desert North. 

Table 1 
Location and main bioclimatic features of the bioregions of Chile inlcuded in the present survey.  

Bioclimatic region Latitude Warmer season Colder season      

Mean rainfall Mean temperature Mean rainfall Mean temperature  
Coastal desert (from coast up to 20 km to the east) North 18◦− 20◦ S Less than 1mm 21.0ºC >1mm 15.6 ◦C  

Transition 20◦− 22◦ S      
South 22◦− 29◦ S     

Mountain desert (from 2400 to 4000 m above sea level) North 18◦− 20◦ S Less than 1mm 19.9ºC 13mm 11.8 ◦C  
Transition 20◦− 22◦ S      
South 22◦− 29◦ S     

Steppe 29◦− 32◦ S 22 mm 26.4ºC 87mm 25.4 ◦C  
Mediterranean 32◦− 37◦ S 3 mm 19.9ºC 82mm 8.6 ◦C  
Temperate Warm Rainy 37◦− 41◦ S 13 mm 19.3ºC 175mm 8.2 ◦C  
Temperate Maritime Rainy 41◦− 46◦ S 120 mm 14.1ºC 286mm 7.1 ◦C   
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Five ntST were identified among the 31 readable sequences (~400 
bp) for R. sanguineus species group from dogs (Table 5). All but one had 
100% identity with other sequences for R. sanguineus from dogs depos-
ited in GenBank®, while the other one ntST showed 99.4% identity with 
a R. sanguineus sequence from a free-roaming dog from Mexico 
(MK680295). Two ntSTs were grouped into the tropical lineage clade of 
R. sanguineus (s.l.) in the phylogenetic tree, including nine samples from 
Coastal Desert North and four from Coastal Desert Transition. The other 
three haplotypes, including five samples from Coastal Desert Transition, 
nine from Coastal Desert South, and four from Steppe, were grouped in 
with sequences from the temperate lineage of R. sanguineus s.s. (Fig. 2). 
All ticks retrieved from dogs from the Mediterranean region corre-
sponded to R. sanguineus s.s., as reported by (Cevidanes et al., 2021) 

3.4. Factors associated with infection 

Anaplasma platys prevalence was significantly higher in dogs than in 
foxes (χ2=8.37, p<0.05). When analyzed per bioregion, these differ-
ences were confirmed in the Mediterranean region (χ2=36.49, 
p<0.001), but not in the other bioregions (in all cases, χ2≤3.90, 
p>0.05), probably owing to small sample sizes. Overall, there were no 
differences in A. platys prevalence between Andean foxes and South 
American gray foxes (χ2=0.54, p>0.05), and the results were the same 
when each bioregion was analyzed independently (in all cases, χ2=0.64, 
p>0.05). 

Considering all bioregions together, the prevalence of A. platys was 
significantly higher in juvenile (19%) than in adult dogs (9.3%;z =
3.385, p<0.001). Juvenile dogs were two times more likely to be 
infected than adult dogs (OR= 2.32, 95% C.I.= 1.27–4.12) (Table 6). In 

Table 2 
Genes targeted and primers used in this study.  

Target PCR type Primer 
names 

Primer sequences Fragment length 
(bp) 

Reference 

Canine endogenous control (RPS19) Conventional RPS19F 
RPS19R 

5′ CCTTCCTCAAAAA/GTCTGGG1 3′

5′ GTTCTCATCGTAGGGAGCAAG 3′

95 Brinkhof et al., 2006 

Anaplasmataceae (16S) Conventional EHR16SD 
EHR16R 

5′ GGTACCYACAGAAGAAGTCC 3′

5′ TAGCACTCATCGTTTACAGC 3′

345 Inokuma et al., 2000 

Ehrlichia (Dsb) Real-time 1st 
DSB-321 
DSB-E.canis 
2nd 
DSB-671 
DSB-E.canis  

5′ TTGCAAAATGATGTCTGAAGATATGAAACA 3′

5′ AGCTAGTGCTGCTTGGGCAACTTTGAGTGAA 
3′

5′ GCTGCTCCACCAATAAATGTATCYCCTA 3′

5′ AGCTAGTGCTGCTTGGGCAACTTTGAGTGAA 
3′

350 Thomson et al., 
2018 

Ehrlichia (Dsb) Conventional 1st DSB330 
DSB728 
2nd 
DSB380 
DSB728  

5′ GATGATGTCTGAAGATATGAAACAAAT 3′

5′ CTGCTCGTCTATTTTACTTCTTAAAGT 3′

5′ ATTTTTAGRGATTTTCCAATACTTGG 3′

5′ CTGCTCGTCTATTTTACTTCTTAAAGT 3′

401 
349 

Muñoz-Leal et al., 
2019 

Tick endogenous control and lineage 
identification (16S) 

Conventional 16S-F 
16S-R1 

5′ TTAAATTGCTGTRGTATT 3′

5′ CCGGTCTGAACTCASAWC 3′

455 Lv et al., 2013  

Table 3 
Prevalence of Anaplasma platys DNA and seroprevalence of Anaplasmataceae and Ehrlichia canis in dogs from different bioclimatic regions of Chile.   

Anaplasma platys PCR Anaplasmataceae IFA Ehrlichia canis IFA 

Bioclimatic region n Prevalence (%) 95% C.I. n Seroprevalence (%) 95% C.I Seroprevalence (%) 95% C.I 
Coastal Desert North 30 13.3 5.3–29.7 78 55.1 44.2–65.7 2.3 0.1–12.0 
Coastal Desert Transition 56 10.7 5.0–21.5 57 36.8 25.5–49.8 0 0–15.5 
Coastal Desert South 24 12.5 4.3–31.0 49 42.9 30.0–56.7 0 0–15.5 
Mountain Desert North 40 0 0–8.8 34 8.3 2.9–21.8 0 0–56.1 
Mountain Desert Transition 39 0 0–9.0 30 0 0–11.3 – – 
Mountain Desert South 41 0 0–8.6 27 0 0–12.4 – – 
Steppe 75 14.7 8.4–24.4 87 39.1 29.5–49.6 5.9 1.6–19.1 
Mediterranean 111 36.9 28.5–46.2 83 55.4 44.7–65.6 2.2 0.1–11.3 
Temperate Warm Rainy 97 2.1 0.6–7.2 80 0 0–4.6 – – 
Temperate Maritime Rainy 80 0 0–4.6 – – – – – 

n: number of tested animals, IFA: Immunofluorescence assay. 

Table 4 
Rhipicephalus sanguineus species group infestation of dogs from different biocli-
matic regions of Chile.  

Bioclimatic 
region 

Specimens 
retrieved 
(dogs 
infested) 

Prevalence 95% C. I M.A.±S.E. M. 
I.±S. 
E. 

Coastal Desert 
North 

195 (35) 42.2% 31.7–53.0 2.3 ± 0.5 5.6 
± 1.0 

Coastal Desert 
Transition 

157 (27) 38.0% 27.2–50.0 2.2 ± 0.5 5.8 
± 1.1 

Coastal Desert 
South 

130 (24) 42.9% 30.0–56.3 2.3 ± 0.5 5.4 
± 0.9 

Mountain 
Desert North 

0 (0) 0% 0–7.9 – – 

Mountain 
Desert 
Transition 

0 (0) 0% 0–8.1 – – 

Mountain 
Desert South 

1 (1) 2.4% 0.1–12.6 0.02±0.02 1 ±
0.1 

Steppe 644 (69) 69.0% 59.1–77.8 6.4 ± 0.9 9.3 
± 1.1 

Mediterranean 583 (51) 45.3% 36.5–54.9 5.2 ± 1.3 11.4 
± 2.5 

Temperate 
Warm Rainy 

0 (0) 0% 0–3.7 – – 

Temperate 
Maritime 
Rainy 

0 (0) 0% 0–4.5 – – 

C.I.: Confidence interval; M.A: Mean Abundance; M.I.: Mean Intensity; S.E: 
Standard Error. 
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foxes, no differences in prevalence between age groups were detected, 
nor overall, neither per fox species nor bioregion (χ2≤0.61, p>0.1). 
Prevalence did not differ among sexes, either for dogs or foxes (z =
1.070, p>0.05 and χ2=7.19, p>0.05, respectively). 

The prevalence of infestation with R. sanguineus ticks species did not 
differ according to dog age (χ2=0.75, p>0.05). Dogs infested with 
R. sanguineus species group ticks were almost five times more likely to be 
infected with A. platys (OR=4.81, 95% C.I.=2.75–8.48) than those 
without ticks (χ2=37.45, p<0.001) (Table 6). Based on the 31 tick 
readable sequences obtained, this association was seen for R. sanguineus 
s.s. (χ2=37.13, p<0.01, OR=5.2) but not for R. sanguineus s.l. (χ2=0.59, 
p>0.05). No difference in A. platys prevalence was detected between 
dogs having received external antiparasitic treatment and non-treated 
dogs (z = 1.035, p>0.05). 

Anaplasma seroprevalence was significantly higher in adult (35%) 
than in juvenile dogs (19%; z = 3.372, p<0.01) (Table 7). However, 

when assessed per bioregion, a significant difference was observed only 
in the Coastal Desert region (53% and 19% in adults and juveniles, 
respectively; χ2=11.6, p<0.01). Overall, no differences in seropreva-
lence were detected between sexes (48% in females versus 44% in males; 
z = 1.020, p>0.05). However, in the Steppe region, we detected a higher 
seroprevalence in male (49%) than in female dogs (14%; χ2=4.15, 
p<0.05). Dogs infested with R. sanguineus species group ticks were four 
times more likely to present Anaplasma antibodies (OR=4.42, 95% C. 
I.=2.93–6.69) than animals without R. sanguineus ticks (z = 3.207, 
p<0.001) (Table 7). 

4. Discussion 

This is the most extensive molecular and serological survey of Ana-
plasmataceae performed to date in free-ranging rural dogs, including six 
different bioclimatic regions of Chile where ticks of the R. sanguineus 

Table 5 
Nucleotide sequence types (ntST) of ~400 base pairs detected in ticks from the Rhipicephalus sanguineus species group retrieved from dogs across the different 
bioclimatic regions of Chile, and their closest sequence deposited in GenBank®.   

n Bioclimatic region Closest sequence Identity (%) Lineage Host Country 

ntst1 1 Coastal Desert Transition MH630343 100 Temperate Canis familiaris France 
ntst2 16 Coastal Desert Transition Coastal Desert South, Steppe Z97884 100 Temperate Canis familiaris Italy 
ntst3 1 Steppe KX632155 100 Temperate Canis familiaris Chile 
ntst4 1 Coastal Desert Transition MK680295 99.4 Tropical Canis familiaris Mexico 
ntst5 12 Coastal Desert North, Coastal Desert Transition JX416325 100 Tropical Canis familiaris China 

n: number of sequenced specimens. 

Fig. 2. Maximum likelihood tree of the 16S rRNA gene (455 bp) for tick species identification. Bioclimatic regions corresponding to the sampling site are presented 
per each ntST. Diamonds mark the sequences from our study. CD: Coastal Desert, MD: Mountain Desert. 

Table 6 
Best Generalized Linear Model representing multivariate relationships between 
predictor variables and detection of DNA of Anaplasma platys in dogs.  

Variable Estimate ±
SE 

Z-value AIC Deviance df 
resid 

(Intercept) − 2.51±0.85 − 2.942    
Juvenile 1.24±0.36 3.385** 330.7 318.7 587 
Low presence of ticks 

(1–10 ticks) No 
ticks 

− 0.95±0.47  
− 1.34±0.48 

− 2.003*  
− 2.790**    

p-value codes: **0.001. 
*0.01. 

Table 7 
Best Generalized Linear Model representing multivariate relationships between 
predictor variables and detection of antibodies against Anaplasmataceae in 
dogs.  

Variable Estimate ±
SE 

Z-value AIC Deviance df 
resid 

(Intercept) − 0.85±0.83 − 1.026    
Juvenile − 1.10±0.32 − 3.372** 522.7 510.7 519 
Low presence of ticks 

(1–10 ticks) No 
ticks 

− 0.37±0.34 
− 1.22±0.38 

− 1.010  
− 3.207**    

p-value codes: **0.001. 
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species group are present. To the authors’ best knowledge, this is the 
first molecular detection of A. platys in Chilean wildlife (foxes). The high 
A. platys prevalence (both in terms of detection of DNA and antibodies) 
detected in dogs from the Mediterranean region in comparison with the 
other regions poses the area as a hotspot for this tick-borne agent, 
confirming a recent serosurvey in dogs (Acosta-Jamett et al., 2020). This 
is likely due to its climatic characteristics that generate a suitable 
environment for the establishment and proliferation of the tick vector 
(Dantas-Torres, 2010). In addition, this region holds the highest dog 
density (Astorga et al., 2015), and ticks of the R. sanguineus species 
group are abundant (Abarca et al., 2016; Cevidanes et al., 2021). A 
similar prevalence of A. platys in dogs to the one found in our study for 
the Mediterranean region was found in northern Australia (Brown et al., 
2006). According to the authors, the warm conditions of the area favors 
vector establishment (Brown et al., 2006). The prevalence of antibodies 
against A. platys in dogs was markedly higher than the prevalence of 
DNA detected, which is in accordance with previous studies (Suh et al., 
2017). This is expected when the bacteremia period precedes the sam-
pling time (Little, 2010), and in our case, it implies that A. platys is 
enzootic in Chile. 

None of the dogs sampled in the southernmost climatic region (TMR) 
were found to be exposed to A. platys. This is explained by unsuitable 
temperatures that hampers tick survival (Dantas-Torres, 2010), as 
confirmed by the lack of detection of ticks in this region. Semenza and 
Menne (2009) indicated that climate change has led to ticks spreading 
into new latitudes, as recently observed in Chile by Oyarzún-Ruiz et al. 
(2020). This could explain the presence of A. platys, both in dogs and 
foxes, in the TWR region (although at very low prevalence), where the 
presence of R. sanguineus in rural areas is infrequent (Abarca et al., 
2016). 

The other bioclimatic region where no exposure to A. platys was 
recorded was in the Mountain Desert, where also no ticks were found. 
This finding can be explained either by the low dog density there (0–1.4 
dogs/km2) (Astorga et al., 2015), which could be limiting the dispersal 
and consequent establishment of the tick in the area, the climate con-
ditions, or a combination of both. In this bioregion, temperatures can 
reach − 5 ◦C and the humidity can be lower than 20% (Palme et al., 
2014), hampering tick survival. 

In the case of foxes, all bioclimatic regions (excluding TMR, where no 
positive fox was found) presented similar but low A. platys prevalence, 
suggesting an incidental pathogen exposure, probably associated with 
spillovers from sympatric free-roaming dogs. In fact, we detected a 
higher prevalence of A. platys in dogs than in foxes, most likely explained 
by the low prevalence of R. sanguineus in foxes in the country (Cevidanes 
et al., 2021) , especially when compared to dogs. Foxes from the Med-
iterranean area of the present study were mainly parasitized by 
A. tigrinum (Cevidanes et al., 2021). A role of A. tigrinum in the trans-
mission of Anaplasmataceae agents has been suggested in dogs and wild 
South-American foxes (Cicuttin et al., 2017a; Eberhardt et al., 2020), but 
our results appear not to support this hypothesis. 

A higher prevalence of A. platys infecting young dogs has been 
associated with higher tick burdens in young individuals due to immu-
nological resistance to R. sanguineus reinfestation (Inokuma et al., 1997), 
although we did not found this association in our study. Brown et al. 
(2006) proposed that rural young dogs are more likely to wander and be 
malnourished, leading them to be more exposed to tick infestation and 
disease. Higher seroprevalence was detected in older dogs, which is 
logical considering that antibodies can persist for years after the infec-
tion is cleared (Petruccelli et al., 2021). 

The lineages detected in our study concur with the study of Díaz 
et al. (2018) in Chile and their distributions for the Southern Cone of 
Latin America (Nava et al., 2014). Indeed, no specimen belonging to the 
tropical lineage of R. sanguineus s.l. was detected south of parallel 22◦ S. 
Likewise, the presence of A. platys associated with both lineages of 
R. sanguineus species group coincides with the thesis that this agent can 
be transmitted by both lineages (Cicuttin et al., 2015). However, 

A. platys prevalence and seroprevalence were associated with the pres-
ence and abundance of R. sanguineus s.s. (i.e. belonging to the temperate 
lineage), suggesting that this lineage might be more competent than the 
tropical one. 

It has been suggested that some Orientia spp. could be cross-reacting 
in Anaplasmataceae immunofluorescence assays as those used in the 
present study (Park et al., 2003; Wass et al., 2018). Nevertheless, in 
Chile, these species are restricted to bioclimatic regions where we did 
not find antibodies with any of the applied tests (Weitzel et al., 2019). 

The analysis of blood samples from more than 900 canids revealed no 
presence of Ehrlichia spp. DNA in any of the bioclimatic Chilean regions, 
confirming that this pathogen is rare in the country. Nevertheless, four 
dogs were seropositive, confirming that, although infrequent, the 
pathogen circulates among the Chilean dog population and is not limited 
to northern areas (López et al., 2012), but can also be found in regions 
where only the temperate lineage of R. sanguineus is present. Cicuttin 
et al. (2017b) proposed three hypotheses to explain this: either the dogs 
were brought from an area where the tropical lineage is present; the 
temperate lineage has some degree of competence for E. canis; or some 
R. sanguineus s.l. migrated from the North without a further establish-
ment in the area. Although we asked the owners about the origin of the 
dogs, the exposure to Ehrlichia sp. could have occurred even several 
years before (Perille and Matus, 1991). 

5. Conclusions 

We conclude that health professionals should be aware of the high 
prevalence of infection with and exposure to A. platys in dogs observed 
during our survey. The low prevalence in wild foxes suggests that 
A. platys is infrequent in these species and that this bacterium is probably 
being maintained by the free-ranging dog population sharing habitat 
with foxes, coinciding with what was observed for its vector 
R. sanguineus species group (Cevidanes et al., 2021). Although not 
considered in this study, infection by this agent may be affecting the 
health of foxes, which should be taken into consideration in conserva-
tion plans for native wildlife. The analysis of Anaplasmataceae presence 
among almost 1000 domestic and wild canids from six different biocli-
matic regions in Chile provides a relevant contribution to the knowledge 
about canine vector-borne diseases in South America. The lack of 
responsible ownership for rural dogs of Chile (Astorga et al., 2015) fa-
vors the maintenance of high burdens of R. sanguineus and provides an 
ideal scenario for the presence of A. platys and probably other tick-borne 
pathogens. Our study calls for future research addressing the presence of 
other agents in wild and domestic canids in Chile. 
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