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animal and human health (Sanchez-Vicente et al. 2019; Wil-
son et al. 2020).

Anaplasma phagocytophilum, Anaplasma platys and 
Ehrlichia canis, which are responsible for granulocytic 
anaplasmosis, canine infectious cyclic thrombocytopenia 
and canine monocytic ehrlichiosis (CME), respectively, are 
three examples of TBP with a proven (A. phagocytophilum) 
or potential (A. platys and E. canis) zoonotic role (Bre-
itschwerdt et al. 2014; Sainz et al. 2015; Saito and Walker 
2016) and have shown increasing prevalence worldwide in 
recent decades (Sainz et al. 2015). These microorganisms 
belong to the family Anaplasmataceae, order Rickettsiales, 
and are obligate intracellular bacteria, whose cycle in the 
environment involves complex interactions between inver-
tebrate vectors and vertebrate hosts (Granick et al. 2023; 
Harrus et al. 2023). Indeed, numerous wild animal species 
are considered reservoir hosts (Ebani et al. 2008; Maia et 
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Abstract
Anaplasma phagocytophilum, Anaplasma platys and Ehrlichia canis, responsible of diseases in dogs, are tick-borne patho-
gens with a proven or potential zoonotic role that have shown increasing prevalence worldwide. The aims of this retro-
spective study were to assess the frequency of Anaplasma spp. and Ehrlichia spp. exposure in dogs tested in a veterinary 
teaching hospital in Italy over a 9-year period, to compare the performance of the diagnostic tests used, to evaluate cor-
relations with clinical data, and to genetically analyse the identified bacteria. During the study period, 1322 dogs tested 
by at least one of the rapid immunoenzymatic test, indirect immunofluorescent antibody test or end-point PCR assay for 
Anaplasmataceae detection were included. Dogs were tested if they had clinical signs or clinicopathological alteration or 
risk factors related to infection, and if they were potential blood-donor animals. Ninety-four of 1322 (7.1%) dogs tested 
positive for at least one pathogen: 53 (4.3%) for A. phagocytophilum, one (0.1%) for A. platys and 63 (4.6%) for E. 
canis. The number of dogs tested increased and the positivity rate progressively declined over the years. Comparison of 
tests showed a near-perfect agreement between serological tests and a poor agreement between PCR and indirect assays. 
A breed predisposition has been highlighted for A. phagocytophilum infection in hunting breed dogs and for E. canis 
infection in mixed breed dogs. Phylogeny confirmed potential zoonotic implications for A. phagocytophilum and showed 
no correlation of the identified bacteria with the geographical origin. Our study provides new insights into possible risk 
factors in dogs and evidenced discordant results between different tests, suggesting that a combination of serological and 
molecular assays is preferable for a correct diagnosis.
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al. 2014; Stuen et al. 2013; Torina et al. 2013; Pereira et al. 
2016; Carvalho et al. 2017).

The geographical distribution of Anaplasmataceae spe-
cies is related to tick survival and consequently to the tem-
perature and the humidity of the area. They are widespread 
in states with temperate climates, usually with temperatures 
between 10 and 30 °C (Kidd 2019¸ El Hamiani Khatat et 
al. 2021). A. platys and, after the first recent detection in 
Australia, E. canis are now present in all continents (Sykes 
2014; Carvalho et al. 2017; Neave et al. 2022), while for 
A. phagocytophilum Oceania is the only continent where 
no cases have yet been reported (Sykes and Foley 2014). 
In Italy, the presence of members of the Anaplasmataceae 
family is known from screening studies performed on dogs; 
however, results are extremely variable in relation to the 
diagnostic test used, geographical area investigated and 
inclusion criteria adopted (Petruccelli et al. 2021; Piantedosi 
et al. 2017). In Italy, A. phagocytophilum seroprevalence in 
dogs is estimated between 29% and 41.5% and molecular 
prevalence between 0% and 5.1%, but there are discordant 
studies on positivity in the different Italian regions (Solano-
Gallego et al. 2006; Trotta et al. 2009; Mendoza-Roldan et 
al. 2021). There are few studies about the prevalence of A. 
platys in Italy, Trotta and colleagues estimated a molecular 
prevalence of 3.7% in dogs (2009), while a recent study esti-
mated a molecular prevalence of 0.8% in dog-ticks (Zanet 
et al. 2020). Moreover, the true prevalence of these two 
pathogens is questioned due to a possible cross-reactivity 
between Anaplasma species, which cannot be discriminated 
by serological tests (Petruccelli et al. 2021). E. canis, on 
the other hand, shows a seroprevalence between 28.7% and 
44%, while molecular positivity varies between 2.9% and 
9.7% with the highest percentages detected in dogs in south-
ern regions (Solano-Gallego et al. 2006; Mendoza-Roldan 
et al. 2021).

In dogs, the clinical signs related to these pathogens are 
often similar but highly variable depending on the virulence 
of the strain, the host’s immune response and the presence 
of coinfections or comorbidities (Sykes 2014). Neverthe-
less, granulocytic anaplasmosis is usually considered an 
acute disease with the development of non-specific clinical 
signs such as fever, lethargy, anorexia, and sometimes mus-
culoskeletal pain and lameness (Greig et al. 1996; Granick 
et al. 2023). Ecchymosis, petechiae and gastrointestinal 
signs are rarely reported (Kohn et al. 2008). Differently, 
CME potentially recognise three clinical phases: an acute 
stage with non-specific signs and sometimes bleeding (pete-
chiae, ecchymosis, epistaxis) (Sainz et al. 2015; Harrus et al. 
2023), a subclinical stage without evident signs (Mylonakis 
et al. 2019), and a chronic stage characterised by the same, 
but more severe, clinical signs of the acute stage (Harrus et 
al. 2011). In the latter stage, neurological impairment, ocular 

lesions, ulcerative stomatitis and glomerulonephritis may be 
observed (Sainz et al. 2015; Mylonakis et al. 2019; Ziliani 
et al. 2019). Thrombocytopenia, anaemia and hyperglobu-
linaemia and proteinuria are the most common laboratory 
findings associated with Anaplasma and Ehrlichia infection 
(Poitout et al. 2005; Sainz et al. 2015).

A confirmed diagnosis of these diseases is particularly 
complex because of the frequent subclinical course of the 
disease itself or its manifestation with non-specific clinical 
signs (Clark et al. 1996). Currently, the diagnosis of Ana-
plasmataceae species infection in dogs is achieved by the 
combined use of different methods: (i) cytologic examina-
tion of Romanowsky-stained peripheral blood and buffy-
coat smear, as well as lymph nodes and spleen aspirates, 
evidencing intracytoplasmic inclusion bodies (morulae) in 
granulocytes, mononuclear cells or platelets (Olano and 
Aguero-Rosenfeld 2008; Harrus and Waner 2011); (ii) 
rapid in-clinic immunoenzymatic (enzyme-linked immu-
nosorbent assay, ELISA) tests validated to detect specific 
antibodies in serum samples (Little et al. 2014; Liu et al. 
2018); (iii) serologic assays as indirect fluorescent antibody 
test (IFAT) and ELISA (Neer et al. 2002); and (iv) molec-
ular assays able to detect pathogen DNA mainly in blood 
samples (Sainz et al. 2015). All the diagnostic tests have 
strengths and limitations in the different stage of infection 
(Allison and Little 2013; Diniz and Moura de Aguiar 2022). 
Direct tests show a better performance in the acute phase of 
infection because morulae and pathogen DNA are readily 
detected in whole blood samples (Harrus et al. 1998). Indi-
rect testing is more effective in the later stages of infection, 
as antibodies against pathogens can take several weeks to 
become detectable after exposure, or when antibiotics have 
been administered before diagnosis, making direct testing 
ineffective (Egenvall et al. 2000).

The primary aim of this study was to assess the frequency 
of Anaplasma spp. and Ehrlichia spp. exposure in dogs 
tested by different diagnostic assays in a veterinary teaching 
hospital (VTH) in Italy. Secondary aims were to compare 
the performance of the different tests used, to evaluate cor-
relations between infection and clinical data, and to geneti-
cally analyse the identified bacteria.

Materials and methods

Study design and inclusion criteria

For the purposes of the study, dogs referred to VTH of the 
University of Bologna (Italy) between 2012 and 2020 and 
tested with at least one among rapid immunoenzymatic test 
(RIT), IFAT or end-point PCR assay (PCR) for Anaplasma 
spp. or Ehrlichia spp. detection, were retrospectively 
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included. Dogs were tested if they had clinical signs or clini-
copathological alteration or risk factors related to infection, 
and if they were potential blood-donor animals. RIT tests 
were carried out in accordance with the manufacturer’s rec-
ommendation and IFAT and PCR tests were carried out on 
fresh material or samples stored at − 20 °C for a maximum 
of seven days until examination. All laboratory tests were 
performed no later than 2020. The study was carried out 
only on data retrieved from medical records and sequencing 
of PCR products obtained for diagnostic purposes following 
owner’s informed consent. No sampling or analyses were 
carried out for the purpose of this study and no experimental 
animals were involved.

Year of sampling and signalment data (sex, age, breed 
and geographical origin) of the enrolled dogs were retrieved 
from medical records. Dogs included were grouped accord-
ing to the four different age categories proposed by Har-
vey (2021): (i) puppy, juvenile and young adult dogs (≤ 24 
months); (ii) mature adult dogs (25–84 months); (iii) senior 
adult dogs (85–156 months); and (iv) geriatric dogs (> 156 
months). Purebred dogs were divided according to the size, 
attitude and possible risk factors in: (i) toy breeds group, 
(ii) hunting breeds group, (iii) shepherd and guardian breeds 
group, and (iv) “other” breeds group when the dogs did not 
fit into any of the previous classes. Furthermore, the study 
population was divided in three groups according to the 
geographical area of origin in: Northern Italy (including 
dogs from Emilia-Romagna, Friuli Venezia Giulia, Liguria, 
Lombardia, Piemonte, Trentino Alto Adige, Valle d’Aosta, 
and Veneto regions), Central Italy (including dogs from 
Abruzzo, Lazio, Marche, Toscana, and Umbria regions) 
and Southern Italy (including dogs from Puglia, Basilicata, 
Calabria, Campania, Molise, Sardegna, and Sicilia regions) 
groups. In dogs tested positive, clinical and clinicopatho-
logical data including complete blood count (CBC), serum 
biochemistry and urine protein to creatinine ratio (UPC) 
were retrieved from medical records (Online Resource 1).

Diagnosis of infection by rapid immunoenzymatic, 
serological and molecular tests

A RIT for the simultaneous detection of Dirofilaria immi-
tis antigen and antibodies against A. phagocytophilum and 
A. platys, E. canis and E. ewingii, and Borrelia burgdorferi 
(SNAP 4DX, IDEXX Laboratories, Westbrook, ME, USA) 
was carried out on blood or serum specimens, following the 
manufacturer’s instructions.

Anaplasma phagocytophilum and E. canis IFAT for IgG 
detection (MegaFLUO ANAPLASMA phagocytophilum 
and MegaFLUO EHRLICHIA canis, MEGACOR Diagnos-
tik, Horbranz, Austria) were performed on serum samples, 
following the manufacturer’s instructions. Briefly, slides 

coated with A. phagocytophilum and E. canis infected 
cells were probed with sera serially diluted in phosphate-
buffered saline (PBS) starting with a concentration of 1:40 
until reaching a concentration of 1:1280, incubated at 37 °C 
for 30 min and washed two times with PBS. Internal canine 
positive and negative sera controls were included on each 
slide. The slides were probed with 20 μL of fluorescein 
isothiocyanate (FITC) conjugated anti-dog IgG antibody 
diluted in PBS at a concentration of 1:64 (Anti-Dog IgG-
FITC antibody produced in rabbit; Sigma-Aldrich, Saint 
Louis, MO, USA) at 37 °C for 30 min and were washed two 
times with PBS and examined under a fluorescent micro-
scope. The highest dilution showing fluorescence was the 
final antibody titre. Samples that showed no fluorescence 
were considered negative.

DNA was extracted from blood samples using the 
NucleoSpin Tissue Kit (Macherey-Nagel, Düren, Ger-
many), according to the manufacturer’s instructions. The 
extracted DNA were stored at − 20°C until use. The detec-
tion of all known Anaplasma spp. and Ehrlichia spp. DNA 
was carried out with a previously described end-point PCR 
assay (Balboni et al. 2021) using the Taq DNA Polymerase 
Kit (Qiagen, Hilden, Germany), according to the manu-
facturer’s instructions. An internal positive control and a 
no template control, consisting of ultrapure water, under-
went analysis simultaneously. A fragment of about 600 bp 
of the groEL gene of Anaplasma spp. and Ehrlichia spp. 
was amplified using the primers groEL_For (5’-ACT GAT 
GGT ATG CAR TTT GAY CG-3’) and groEL_Rev (5’-
TCT TTR CGT TCY TTM ACY TCA ACT TC-3’) (Bar-
ber et al. 2010). The thermal cycling consisted of an initial 
denaturation at 94 °C for 5 min followed by 45 cycles of 
denaturation at 94 °C for 30 s, annealing at 58 °C for 30 s 
and elongation at 72 °C for 45 s, followed by a final elonga-
tion step at 72 °C for 10 min. PCR products were visual-
ized under UV after electrophoresis migration on a 1.5% 
agarose gel stained with ethidium bromide or Midori Green 
Advance DNA Stain (Nippon Genetics, Düren, Germany) in 
1X standard tris-acetate-EDTA (TAE) buffer. Amplicons of 
the expected size were considered positive.

Dogs tested positive for more than one pathogen with the 
tests used were considered potentially coinfected.

Sequence analysis

Amplicons of the expected size were purified using the 
QIAquick PCR Purification Kit (Qiagen, Hilden, Ger-
many) according to the manufacturer’s instructions and 
directly sequenced by Sanger method (BioFab Research, 
Italy) using both forward and reverse primers. The nucleo-
tide sequences obtained were assembled and translated into 
amino acid sequences to evaluate their correct translation 
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were tested in the first year of the study (2012), an initial 
peak was reached in 2014 (155/1322, 11.7% dogs) followed 
by a decrease in the following two years (2015 and 2016) 
and then a progressive increase up to 216 dogs tested was 
reported in each of the last two years of the study (2019 and 
2020). As potential blood-donor animals, 102/1322 (7.7%) 
apparently healthy dogs were tested, all in the last four years 
(2017–2020). Among the dogs included, 657/1322 (49.7%) 
were male (130/657, 19.8% castrated) and 665/1322 (50.3%) 
were female (356/665, 53.5% spayed). The median age was 
5 years and 7 months (range 1 month − 17 years). For four 
dogs the age was not available. In particular, most of the 
dogs were mature or senior adults: 542/1318 (41.1%) and 
445/1318 (33.8%), respectively. Among the dogs included, 
482/1322 (36.5%) were mixed breed and 840/1322 (63.5%) 
purebreds, with 93 different breeds reported. Based on the 
above reported categories 137/840 (16.3%) were toy dogs, 
199/840 (23.7%) hunting dogs, 234/840 (27.9%) shepherd 
and guardian dogs, and 270/840 (32.1%) were dogs of other 
breeds. Most of the dogs (1232/1322, 93.2%) were from 
Northern Italy, whereas 57/1322 (4.5%) and 33/1322 (2.5%) 
were from Central and Southern Italy, respectively.

Diagnosis of infection by rapid immunoenzymatic, 
serological and molecular tests

Ninety-four of the 1322 (7.1%) dogs tested positive for at 
least one pathogen investigated in the study. The frequency 
of dogs tested positive had fluctuations but it significantly 
decreased over the study period (P = 0.0041, Table  1; 
Fig. 1). All the 102 potential blood-donor dogs tested nega-
tive and even excluding them the positivity rate significantly 
decreased over the study period (P = 0.019).

A significant association was found between positive 
result to at least one pathogen investigated and the sex of 
dogs, with females (57/665, 8.6%) more frequently posi-
tive than males (37/657, 5.6%) (P = 0.0486). The median 
age of dogs tested positive was 6 years and 10 months 
(range 2 months − 16 years) with no significance difference 
between age categories. The frequency of positive dogs 
was significantly higher in mixed breed (56/482, 11.6%) 
than in purebred (38/840, 4.5%) dogs (P < 0.0001). Dif-
ferently, no significant association was evidenced between 
the four breed groups: toy breeds, hunting breeds, shepherd 
and guardian breeds, and other breeds. No other significant 
association was found between the frequency of infection 
and signalment data analysed (Table 1), including the geo-
graphical origin of the dogs tested positive, which appears 
equally distributed between Northern (87/1232, 7.1%), Cen-
tral (5/57, 8.8%) and Southern (2/33, 6.1%) Italy. Clinical 
signs and clinicopathological variables of the dogs tested 
positive had no significant association with the presence 

using BioEdit sequence alignment editor version 7.2.5. 
The assembled nucleotide sequences were analysed using 
the BLAST web interface to determine which species they 
belonged to (https://blast.ncbi.nlm.nih.gov/Blast.cgi) and 
aligned with 55 A. phagocytophilum, 17 A. platys, eight 
A. platys-like and nine E. canis reference sequences avail-
able in the GenBank database (https://www.ncbi.nlm.nih.
gov/nucleotide/), using the ClustalW method implemented 
in the BioEdit software. Phylogeny was carried out with 
the MEGA 11 software version 11.0.11 (Tamura et al. 
2021) using Maximum Likelihood method and the Tamura 
3-parameter model. The robustness of individual nodes on 
the phylogenetic tree was estimated using 1,000 bootstrap 
replicates and relevant bootstrap values were indicated at 
the corresponding node.

Statistical analysis

All the collected data were captured in Microsoft Excel 
2019 and analysed using a commercially available statisti-
cal software (MedCalc Statistical Software version 19.5.1, 
Ostend, Belgium). The Shapiro-Wilk test was used to assess 
the distribution of continuous variables. Descriptive statis-
tics was performed for all the evaluated variables and data 
are reported as mean ± standard deviation or median and 
range (minimum-maximum values), based on their distribu-
tion. Categorical data, such as year of sampling, sex, age 
and breed categories, and geographic origin, were anal-
ysed using the Fisher’s exact P-value test or Pearson’s chi-
squared (χ2) test. Continuous data (e.g. clinicopathological 
findings) were analysed using the Mann-Whitney or Krus-
kal-Wallis tests. Inter-rater agreement test (Cohen’s kappa 
coefficient) was calculated to compare the results obtained 
by RIT, IFAT and PCR in dogs tested with two or more 
assays. Kappa values ≤ 0 were interpreted as indicating no 
agreement, 0.01–0.20 as no to mild agreement, 0.21–0.40 
as fair agreement, 0.41–0.60 as moderate agreement, 0.61–
0.80 as substantial agreement and 0.81–1.00 as near-perfect 
agreement between the compared tests. A P-value < 0.05 
was considered significant.

Results

Study population

One thousand three hundred twenty-two dogs were tested 
with at least one assay for Anaplasma spp. or Ehrlichia 
spp. detection and were included in the study. Year of sam-
pling, signalment data and clinicopathological findings of 
the enrolled dogs are reported in Table 1. The number of 
dogs tested increased during the years: 50/1322 (3.8%) dogs 
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of infections with the different pathogens considered in 
the study (Online Resources 2, 3 and 4). An exception was 
proteinuria, assessed by UPC values for 58 of 94 (61.7%) 
dogs tested positive. Indeed, of the 26/58 (44.8%) protein-
uric dogs, those tested positive for A. phagocytophilum pre-
sented proteinuria more frequently compared to those tested 
positive for the other pathogens (P = 0.0487).

Fifty-three of the 1246 (4.3%) dogs tested for A. phago-
cytophilum were positive. The frequency of dogs tested 
positive for A. phagocytophilum significantly decreased 
over the study period (P < 0.0001, Table  1; Fig.  1), with 
34/463 (7.3%) dogs tested positive in the first five years 
(2012–2016) and 19/783 (2.4%) dogs tested positive in the 
last four years (2017–2020). A slightly significant higher 
frequency of A. phagocytophilum detection was found in 
senior adult (26/426, 6.1%) dogs compared to other age 
groups (P = 0.0299), and in hunting breed dogs (14/190, 
7.4%) compared to the other breed groups (P = 0.0156). No 
other significant association was found between A. phagocy-
tophilum infection and signalment data analysed (Table 1).

One of the 920 (0.1%) dogs tested for A. platys was posi-
tive. It was a mixed-breed male dog of ten months old from 
a kennel in Rome (Central Italy) in 2020 (Table 1; Fig. 1).

Sixty-three of the 1312 (4.8%) dogs tested for E. canis 
were positive. The frequency of dogs tested positive for E. 
canis showed a constant distribution over the study period 
(Table 1; Fig. 1), whereas this frequency was significantly 
higher in mixed breed (47/479, 9.8%) than in purebred 
(16/833, 1.9%) dogs (P < 0.0001). No other significant asso-
ciation was found between E. canis infection and the signal-
ment data analysed (Table 1).

Twenty-four of the 1237 (2.1%) dogs tested for A. phago-
cytophilum and E. canis were positive to both pathogens, 
evidencing a state of potential coinfection. No significant 
association was found between potential coinfection and 
the signalment data analysed, with the exception of a higher 
frequency of potential coinfection in mixed breed (16/447, 
3.6%) than in purebred (8/790, 1.0%) dogs (P = 0.0034, 
Table 1).

One dog that tested positive only in PCR was excluded 
from the statistical analysis regarding the specific patho-
gens investigated because its nucleotide sequence was not 
obtained for the bacterial species identification.

During the study period 1544 tests were carried out: 739 
(47.9%) RIT, 566 (36.7%) IFAT and 239 (15.5%) PCR. 
IFAT was used since the start of the study period, with an 
increasing number of tests carried out in the first years and 
a progressive decrease starting from 2017. PCR was intro-
duced into the diagnostic routine since 2013, with a large 
number of tests carried out in the first two years, followed 
by significantly lower and constant numbers since 2015. RIT 
was introduced into the diagnostic routine since 2015 and 
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the number of tests carried out progressively increased until 
2020 (Fig.  1). The distribution of positive results accord-
ing to the tests used was: 38/739 (5.1%) for RIT, 79/566 
(14.0%) for IFAT and 15/239 (6.3%) for PCR. Several dogs 
were tested by more than one type of assay: 112/1322 (8.5%) 
were tested with RIT and IFAT, 24/1322 (1.8%) with RIT 
and PCR, 20/1322 (1.5%) with IFAT and PCR, and 33/1322 
(2.5%) with all three assays. Of the 94 dogs tested positive, 
45 were tested by RIT and 38/45 (84.4%) were positive, 82 
were tested by IFAT and 79/82 (96.3%) were positive, and 
39 were tested by PCR and 15/39 (38.5%) were positive 
(Online Resource 5). In Table 2 (A, B and C), the results 
obtained with the different tests used were reported and 
compared. In particular, 145 dogs were tested with both 
IFAT and RIT, 57 with both RIT and PCR, and 53 with both 
IFAT and PCR. The values of Cohen’s kappa coefficient 
were consistent with a near-perfect agreement between RIT 
and IFAT (0.88) and a poor agreement between PCR and 
RIT (0.21) or PCR and IFAT (0.17).

Table 2  Comparison between tests results in dogs positive for at least 
one pathogen

Pos Neg Total
A IFAT
RIT Pos 29 (20.0%) 4 (2.8%) 33 (22.8%)

Neg 2 (1.4%) 110 (75.9%) 112 (77.2%)
Total 31 (21.4%) 114 (78.6%) 145 (100%)

B PCR
RIT Pos 6 (10.5%) 16 (28.1%) 22 (38.6%)

Neg 3 (5.3%) 32 (56.1%) 35 (61.4%)
Total 9 (15.8%) 48 (84.2%) 57 (100%)

C IFAT
PCR Pos 7 (13.2%) 1 (1.9%) 8 (15.1%)

Neg 23 (43.4%) 22 (41.5%) 45 (84.9%)
Total 30 (56.6%) 23 (43.4%) 53 (100%)

A: Comparison between RIT and IFAT test results
B: Comparison between RIT and PCR test results
C: Comparison between PCR and IFAT test results
IFAT: indirect fluorescent antibody test; Neg: negative result; PCR: 
polymerase chain reaction; Pos: positive result; RIT: rapid immuno-
enzymatic test

Fig. 1  Dogs tested positive (A) 
and type of test used (B) during 
the study period
A) highlighted in bold: percent-
ages of positives on number of 
dogs tested per year
B) IFAT: indirect fluorescent anti-
body test; NT: not tested; PCR: 
polymerase chain reaction, RIT: 
rapid immunoenzymatic test
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tests identified it as E. canis. This A. platys sequence showed 
a nucleotide identity of 99.7–100%, 71.9% and ≤ 77.9% 
with A. platys, E. canis and A. phagocytophilum reference 
sequences, respectively. The sequences of E. canis obtained 
in this study (lab and GenBank IDs: 598/2014 OR209777, 
810/2014 OR209778, 1382/2016 OR209779, 421/2019 
OR209780, 438/2019 OR209781, 501/2019 OR209782, 
636/2019 ON245149, 637/2019 ON245150, the last two 
sequences were previously reported in Urbani et al. 2022) 
were identical.

The phylogenetic tree showed four main clusters, corre-
sponding to the species of pathogen investigated (Fig. 2).

In the A. phagocytophilum cluster, composed by sequences 
from Italy, three subgroups corresponding to three ecotypes 
proposed by Jahfari and colleagues (2014) were evidenced. 
The A. phagocytophilum sequenced in this study clustered 
in the ecotype I subgroup with other sequences identified 
in ticks and several mammalian hosts (dog, horse, red deer 
and chamois). The nucleotide sequence 682/2020 grouped 

Sequence analysis

Partial groEL gene nucleotide sequences of Anaplasma spp. 
or Ehrlichia spp. were obtained for 13/15 PCR positive 
dogs: on the basis of BLAST analysis, four were A. phago-
cytophilum, one was A. platys and eight were E. canis. In 
two dogs, nucleotide sequences were not obtained due to 
the low amount of PCR product: the first was PCR-posi-
tive only and it was excluded from the specific statistical 
analyses; the second one was tested positive by both RIT 
and IFAT tests for A. phagocytophilum and was considered 
infected with the latter. The sequences of A. phagocytophi-
lum obtained in this study (lab and GenBank IDs: 393/2012 
KF778380, 862/2014 KT970678, 901/2014 KT970679, and 
909/2014 KT970680, the first three sequences were previ-
ously reported in Dondi et al. 2014 and De Arcangeli et al. 
2018) showed a nucleotide identity of 99.5–100% among 
them. The only A. platys detected was sequenced in the dog 
682/2020 (GenBank ID: OR209783) and IFAT and SNAP 

Fig. 2  Phylogenetic tree based on partial heat shock gene (groEL) 
nucleotide sequences of Anaplasma phagocytophilum, A. platys 
and Ehrlichia canis. Phylogeny was evaluated using the Maximum 
Likelihood method and the Tamura 3-parameter model implemented 
on MEGA 11 software version 11.0.11 on multiple alignment con-
structed with nucleotide sequences obtained in this study, 55 reference 
sequences of A. phagocytophilum, 17 of A. platys, 8 of A. platys-like 
and 9 of E. canis retrieved from GenBank. On the left a traditional 
rectangular branch style of the tree and on the right a radiation branch 
style of the tree. Identification of the sequences undergoes the follow-
ing nomenclature: GenBank accession number, species, strain (only 

for sequences obtained in this study), host, country (AR: Argentina, 
AU: Australia, BR: Brazil, CL: Chile, CN: China, CU: Cuba, FR: 
France, IT: Italy, JP: Japan, KN: Saint Kitts and Navis, PH: Philip-
pines, SN: Senegal, TH: Thailand, TN: Tunisia, UR: Uruguay), and 
collection date (or date of database submission). Statistical support 
was provided by bootstrapping with 1000 replicates and values indi-
cated on the respective branches. Highlighted in black or black circles: 
sequences generated in this study. Main clusters of A. phagocytophi-
lum are labelled following the ecotype classification proposed by Jah-
fari and colleagues (Jahfari et al. 2014)
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ectoparasiticides by dog-owners or to several factors which 
led to carrying out a greater number of tests for screening 
purposes, testing animals at risk of infection and not only 
those with associated clinical signs, therefore with a lower 
probability of testing positive: (i) the introduction into the 
diagnostic routine of a rapid and easy-to-use test such as 
the RIT (since 2015), which has also led to a reduction in 
the use of IFAT and PCR; (ii) the increasing sensitivity of 
veterinarians to these pathogens, given the increasing preva-
lence of the associated diseases; and (iii) the launch in 2017 
of our veterinary blood bank (Veterinary Blood Solutions 
– VeBS) in the VTH with routine tests of blood donor dogs 
with low suspicion of infection. Consistently, Morganti and 
colleagues (2022) reported a lower prevalence of infection 
in potential blood donor dogs compared to a non-selected 
dog population.

Several studies reported that sex is not a risk factor for 
Anaplasma spp. and Ehrlichia spp. infection or reported a 
slight predisposition in male dogs, probably related to their 
behaviour which exposes them more to ticks (Sainz et al. 
2015; Ebani 2019; Hazelrig et al. 2023). Differently, in 
our study a slight predisposition to infection was found in 
female dogs, a result probably linked to random sampling. 
In our study, moreover, a slight association between dog age 
and infection was found for A. phagocytophilum only, with 
senior adult dogs (6–10 years of age) being more predisposed 
to contract the infection, a finding consistent with other 
studies (Watanabe et al. 2004; Costa et al. 2007; Ebani et al. 
2013). This predisposition is probably due to an increased 
risk of exposure of the senior adult dogs to TBP over time, 
rather than an increased susceptibility to them (Egenvall et 
al. 2000; Kohn et al. 2011). Some authors reported a higher 
prevalence of Ehrlichia spp. infection in adult dogs (Ebani 
2019; Hazelrig et al. 2023), while in several studies age was 
not a risk factor for any of the TBP considered (Ebani et al. 
2014; Sainz et al. 2015). A significantly higher prevalence 
of A. phagocytophilum infection was found in hunting breed 
dogs enrolled in this study, an association never reported 
in literature (Sainz et al. 2015; Piantedosi et al. 2017). On 
the other hand, some studies reported a link between TBP 
infection and the lifestyle or environments frequented by 
dogs of hunting breeds, due to closer contact with wooded 
and rural areas, cohabitation in outdoor kennels and poten-
tially less consistent use of acaricide products. For these 
reasons, it is possible to speculate that hunting dogs have a 
predisposition to contracting the infection due to exposure 
to risk factors rather than to the breed (Kordick et al. 1999; 
Solano-Gallego et al. 2006; Piantedosi et al. 2017). Further-
more, Ixodes ricinus tick, vector of A. phagocytophilum, is 
widespread in environments and animals to which hunting 
dogs are more exposed than other dog breeds (Santoro et 
al. 2016; Westmoreland et al. 2016). Indeed, I. ricinus is 

in the A. platys cluster with reference strains from different 
geographical areas of the world. The so-called A. platys-
like cluster had three subgroups composed by A. cinensis, 
A. africanum and A. turritanum candidates, respectively 
(Zobba et al. 2022a, b). Nucleotide sequences of E. canis 
obtained in this study grouped in a single cluster with the 
E. canis reference strains identified in ticks and dogs from 
various countries.

Discussion

This study was primarily aimed to describe the frequency 
of Anaplasma spp. and Ehrlichia spp. exposure in a vet-
erinary hospital population of dogs in Italy, retrospectively 
enrolled in a 9-year period from 2012 to 2020. Performance 
of the tests adopted, correlations between infection and 
clinical data, and phylogeny of the identified bacteria were 
also investigated. A total of 94/1322 dogs tested positive to 
Anaplasma spp. or Ehrlichia spp. antibodies or DNA, with 
an overall frequency of infection of 7.1%. In particular, 
the values of frequency of infection of A. phagocytophi-
lum (53/1246, 4.3%), A. platys (1/920, 0.1%), and E. canis 
(63/1312, 4.8%) obtained in this study were lower com-
pared with previous surveys carried out in Italy which, how-
ever, were highly variable in relation to the diagnostic tests 
used, geographical area investigated and inclusion criteria 
adopted (Piantedosi et al. 2017; Petruccelli et al. 2021). In 
fact, some authors reported seroprevalence in dogs between 
29% and 41.5% for A. phagocytophilum and between 28.7% 
and 44% for E. canis (Trotta et al. 2009; Mendoza-Roldan 
et al. 2021), while other surveys reported molecular preva-
lence in dogs between 0% and 5.1% for A. phagocytophi-
lum, 0.8% and 3.7% for A. platys, and between 2.9% and 
9.7% for E. canis (Solano-Gallego et al. 2006; Trotta et al. 
2009; Zanet et al. 2020).

During the study period, the frequency of exposure 
detected decreased significantly, with highest frequency in 
2012 (6/50, 12%) and 2014 (20/155, 12.9%) and a progres-
sive decline from 2016 to 2020 (11/216, 5.1%). This trend 
was predominantly associated with the number of dogs tested 
positive to A. phagocytophilum and could be related to the 
climatic conditions, that are known to strongly influence the 
presence of ticks in the environment and consequently the 
spreading of vector-borne pathogens (Ebani 2019). Indeed, 
the year 2014, which showed the highest frequency of pos-
itivity detected, was a very warm and rainy year in Italy, 
with the average annual temperature 1.63  °C higher than 
the normal value and a total annual rainfall overall higher of 
about 13% than the climatic average (Desiato et al. 2014). 
Furthermore, the progressive decrease in frequency of 
positivity detected could be linked to the increasing use of 
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be easily identified by direct methods. For these reasons, 
negative results in molecular tests only indicate that the 
respective nucleic acid sequence is not detected in a par-
ticular sample at a particular point of time and should not be 
interpreted as conclusive evidence of absence of infection 
(Allison and Little 2013; Sainz et al. 2015; Diniz and Moura 
de Aguiar 2022). Furthermore, a major therapeutic dilemma 
is posed by asymptomatic dogs with positive tests results, 
because the treatment of choice against infections with bac-
teria of the Anaplasmataceae family is long-term antibiotic 
therapy. At a time when antimicrobial resistance and the 
reduction of the use of antimicrobial drugs are becoming 
increasingly important, it is difficult to assess the real need 
to treat positive dogs even in the absence of clinical or clini-
copathological abnormalities (Harrus et al. 2023).

Phylogeny of the pathogens sequenced in this study 
showed a clear distinction between the three species exam-
ined. All the A. phagocytophilum obtained in this study 
clustered in the ecotype I subgroup (Jahfari et al. 2014; 
Jaarsma et al. 2019), which exhibits the widest host range 
and includes all strains identified in humans in Europe, sug-
gesting potential zoonotic implications and reservoir role 
of wild animals (Balboni et al. 2021; Grassi et al. 2021). 
The A. platys obtained in this study clustered with other A. 
platys detected in dogs worldwide, revealing a high genetic 
similarity between strains from different geographical areas 
(de la Fuente et al. 2006; Zobba et al. 2015). All the E. canis 
obtained in this study clustered and showed an identity of 
100% with reference strains identified in dogs and ticks 
from Europe, Asia and Africa, excluding correlation with 
host and geographical origin (Alhassan et al. 2021).

Of interest, the A. platys sequenced in this study was 
identified in a dog (682/2020) tested positive by RIT and 
IFAT, which were apparently indicative for E. canis expo-
sure. This result can have two explanations. The dog could 
have antibodies against E. canis from a previous exposure 
and at the same time an active infection with A. platys, 
without detectable levels of specific antibodies. This type 
of coinfection has already been reported and may be related 
to sharing the same tick vector (Rhipicephalus sanguineus, 
Piratae et al. 2019; Garcia Ribeiro et al. 2023). Otherwise, 
an antibody cross-reactivity between the two pathogens may 
have occurred, thus distorting the RIT and IFAT tests results. 
Few cases of cross-reactivity have been reported, but never 
between E. canis and A. platys. They often occur between 
different Ehrlichia species, or between A. phagocytophilum 
and A. platys, or even between A. phagocytophilum and E. 
canis (Al-Adhami et al. 2011; Qurollo et al. 2021). Further 
studies are needed to investigate the occurrence of potential 
cross-reactions between these two species.

The present study has some limitations due to its retro-
spective design. Firstly, the animals enrolled were not all 

found in mixed and deciduous forests, open pastures and 
other areas with high humidity and its wide distribution is 
also related to a broad host range, including many mam-
malian species and birds (Medlock et al. 2013). Differently, 
a predisposition to contract infection sustained by E. canis 
was found in this study for mixed-breed dogs compared to 
purebred ones. This finding is not in agreement with the lit-
erature which reports mixed-breed dogs as generally more 
resistant to infection (Harrus et al. 1997). As for hunting 
breed dogs, also the predisposition of mixed-breed dogs to 
contract TBP infection may be related to the lifestyle of the 
dogs investigated. Moreover, mixed-breed dogs are often 
adopted without knowing their infectious status or the epi-
demiological situation of the geographical area of origin, 
thus increasing the possibility that they were infected prior 
to adoption. Analysing the geographical origin of the dogs 
included in this study, the majority of enrolled dogs come 
from Northern Italy (1237) compared to other areas (57 and 
33 dogs for Central and Southern Italy, respectively), as a 
result of the location of our veterinary hospital. Neverthe-
less, no significant differences in the frequency of exposure 
were found in our study in the different Italian geographical 
areas. Differently, several studies found significantly higher 
prevalence in Central and Southern Italian regions (Solano-
Gallego et al. 2006; Vascellari et al. 2016; Colombo et al. 
2021). This discrepancy in the results may be due to an 
underestimation of the prevalence of Anaplasma spp. and 
Ehrlichia spp. in Central and Southern Italy for a limited 
sampling of dogs from these regions. Proteinuria was the 
only clinicopathological variable that showed a significantly 
higher frequency in A. phagocytophilum infections com-
pared to dogs tested positive for the other pathogens inves-
tigated in this study. This finding was already reported to be 
associated with this pathogen and this clinicopathological 
variable could be considered to differentiate the diagnosis of 
these TBP (Dondi et al. 2014; Ravnik et al. 2014).

The tests used in this study showed a different perfor-
mance. The serological methods (RIT and IFAT) had high 
concordance among them and allowed the identification of 
a higher number of positive dogs compared to PCR. This 
result is in agreement with the characteristics of serologi-
cal tests which, detecting antibodies against pathogens even 
after the infection has resolved, identify more positive dogs 
than the molecular methods. Conversely, PCR can only diag-
nose active infections and therefore identifies fewer positive 
dogs. In fact, molecular assays applied to blood samples are 
highly sensitive and specific but false-negative results may 
occur as consequence of pathogen load (Sainz et al. 2015), 
presence of inhibitors, variations in levels of circulating 
pathogens due to intermittent bacteraemia and antibiotics 
administration (Allison and Little 2013). Furthermore, E. 
canis often play a role in chronic infections which may not 
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epidemiological role by acting as source of infection for 
invertebrate hosts, with an increased risk of transmission to 
humans and posing a threat to public health.
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