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Abstract
Background: Ehrlichia, Anaplasma, and Babesia spp. are canine pathogens transmitted by the Rhipicephalus sanguineus
tick which can cause varied clinical signs. These pathogens have been investigated in the Philippines, but coinfection has
not been reported yet.
Aim: The aim of this study was to evaluate the presence of Ehrlichia/Anaplasma and Babesia spp. in Philippine dogs.
Materials and Methods: A total of 100 dogs from seven different veterinary establishments in Cebu, Philippines, were
examined for Ehrlichia/Anaplasma and Babesia spp. infection using peripheral blood smear examination and polymerase
chain reaction (PCR). Inclusion criteria included a history or presence of tick infestation, anemia, and/or thrombocytopenia.
Clinical signs were recorded. Statistical analyses were performed between PCR positivity and clinical signs and hematological
results.
Results: A total of 10 and 18 dogs were found to be positive for Ehrlichia/Anaplasma and Babesia spp., respectively. One
animal was PCR positive for both pathogens, which is the first report of coinfection in the country. The most common
clinical signs observed include inappetence (89%), lethargy (80%), thrombocytopenia (85%), and anemia (74%). Analyses
revealed that inappetence (p=0.044) and weight loss (p=0.028) were found statistically significant with Ehrlichia/
Anaplasma infection. Basophil (p=0.001) and eosinophil counts (p=0.000) were also found significantly different between
Ehrlichia/Anaplasma spp.-positive and -negative dogs. On the other hand, differential monocyte count (p=0.009) was found
significantly different between Babesia spp.-positive and -negative dogs.
Conclusion: The present study showed low infection rates of canine ehrlichiosis/anaplasmosis and babesiosis and provided
additional evidence for the presence of the pathogens in the area.
Keywords: Babesia, Cebu, dogs, Ehrlichia/Anaplasma, Philippines.
Introduction

Canine babesiosis, canine ehrlichiosis (canine
monocytic ehrlichiosis [CME]), and canine anaplasmosis are diseases transmitted by the brown dog
tick Rhipicephalus sanguineus [1-5]. This tick species is also a vector for several other pathogens and
coinfection in individual ticks has been shown to
occur [6]. Concurrent infections in dogs [7-9] can be
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fatal [10]. Hence, the detection of coinfection is vital
for the institution of appropriate veterinary treatment.
Economic losses associated with these diseases can be
significant, which include the cost of treatment, abortions, and death.
Babesia spp., Ehrlichia spp., and Anaplasma spp.
have global distribution, primarily in tropical and subtropical regions [10-13]. In the Philippines, detection,
and diagnosis of Ehrlichia/Anaplasma and Babesia
spp. infections are mostly done through serological testing and peripheral blood smear examination
(PBSE) [4,14]. PBSE is the simplest and most accessible diagnostic test for most veterinarians in detecting intraerythrocytic parasites but may be unreliable
because pathogens may be absent in blood smears
when parasitemia is low [15]. Moreover, accurate
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identification can be difficult if morphology alone is
used as the basis for identification of species. On the
other hand, disease diagnosis in chronically infected
and carrier dogs remains challenging due to very low
and often intermittent parasitemia [16].
While coinfection of Ehrlichia/Anaplasma and
Babesia spp. in dogs may be present in other countries, there had has been no previous report yet in the
Philippines. Obtaining information on the status of
these diseases and their possible coinfection in dogs
is important for its surveillance and prompt diagnosis.
The present study generally aimed to detect Ehrlichia/
Anaplasma and Babesia spp. infection in dogs using
PBSE and polymerase chain reaction (PCR) and to
document the presenting clinical signs and hematological values of the suspected dogs in Cebu, Philippines.
Materials and Methods
Ethical approval

The procedures performed in this study were
guided by the principles of animal welfare, Animal
Welfare Act of the Philippines (RA 8485) and
Administrative Order No. 45 of the Bureau of the
Animal Industry of the Philippines.
Research design

The study was a prospective descriptive analytical type which involved testing of suspected dogs from
selected veterinary clinics for Ehrlichia/Anaplasma
and Babesia spp. Profile of dogs, presenting clinical
signs, and hematological values were obtained.
Research subjects and environment

A total of 100 dogs, regardless of sex, age, and
breed, which have been suspected for Ehrlichiosis/
Anaplasmosis or Babesiosis were selected based
on criteria, including the presence or history of tick
infestation, thrombocytopenia, and anemia. Dogs
were conveniently selected from seven veterinary
establishments in Cebu, Philippines, including GPY
Veterinare Animale Clinic at Punta Princesa, Cebu
City, Southwestern University Veterinary Teaching
Hospital (SWU-VTH), Basak, Cebu City, Pet Doctor’s
Veterinary Clinic at Talisay City, Animal Kingdom
Veterinary Hospital at Lahug, Cebu City, Animal
Wellness Veterinary Hospital at Banilad, Cebu City,
Pets in the City Veterinary Clinic at Talamban, Cebu
City, and Pet Science Veterinary Clinic, at Talamban,
Cebu City. The hematological examination was performed at SWU-VTH, while DNA extraction and
PCR testing were performed at the Molecular Biology
Laboratory of the University of the Philippines Cebu.
Sample collection and processing

Blood samples were aseptically collected from
the peripheral veins using a 3 ml syringe and were
separated into aliquots for DNA extraction (in the sterile plain tube) and complete blood count (CBC) analysis (in the sterile ethylenediaminetetraacetic acid tube)
and PBSE. Blood samples for DNA extraction were
stored at −20°C until further use. DNA extraction,
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elution, and storage were performed as previously
described [1].
PCR

For Ehrlichia/Anaplasma spp. detection, PCR
based on 16S rRNA with primer pairs EHR16D and
EHR16SR were used following a previously described
procedure [17]. For Babesia spp. detection, PCR based
on 18S rRNA PCR assay with forward (5’- GCATTT
AGCGATGGACCATTCAAG -3’) and (5’- CCTG
TATTGTTATTTCTTGTCACTACCTC-3’) reverse
primers was used [18]. Final volumes were modified
to 10 µL and 25 µL for the first and second round
PCRs, respectively, using a similar method by [15].
The negative control used was double-distilled water.
Anaplasma phagocytophilum and Babesia gibsoni
DNA were used as positive controls. Amplicons were
viewed under ultraviolet light illumination using 1.5%
agarose gel after electrophoresis.
Data collection and analysis

Profile, clinical signs, and hematological values of the selected dogs were recorded in a sheet and
were encoded in Microsoft Excel using appropriate
variable coding. Data were imported into a statistical software. Descriptive statistics were employed.
Statistical significance was assessed using Chi-square
and Mann–Whitney tests.
Results and Discussion

Most of the dogs were purebred (56%), with
shih-tzu (14%) as the most common breed. The
majority were male (56%), with an average age of
2.5 years (standard deviation =2.3 years). Identifying
breed, age, and sex predilections can be useful in
tick-borne disease (TBD) diagnosis, but several
past reports have shown inconsistent results. Some
reported that canine ehrlichiosis may have no breed,
sex, and age preference [19,20], while others reported
that the severity of the disease might be influenced
by breed [21,22]. German shepherds are shown to be
predisposed to show hemorrhagic signs (including
epistaxis) [23], while the beagles and mongrels are
believed to show the typical signs of the disease [24].
For canine babesiosis, younger dogs can be more susceptible to B. vogeli [25], although it was also suggested that the pathogen could infect dogs at any age
groups [26]. Furthermore, crossbred dogs may have
higher chances of acquiring the infection than purebred dogs, although there might be no sex predilection [26]. More investigations are needed to determine
breed and age predispositions in the Philippine setting.
Although it was expected that a high number of
the subjects would be positive because of the inclusion criteria, PCR results revealed that only 10 and
17 dogs were found positive for Ehrlichia/Anaplasma
and Babesia spp., respectively, and with only one
animal positive for both pathogens. These results are
lower than those reported by Baticados et al. [27] and
Cruz-Flores et al. [14] but similar to that of Corales
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et al. [28]. The difference may be due to the varying
place and time of sample collections of the previous
studies. The result indicates that unless confirmatory
or diagnostic tests are performed, practitioners should
not always be biased to canine ehrlichiosis, anaplasmosis, and babesiosis even if some signs may appear
to be indicative of these diseases.
The coinfected case reported in this study is the
first report in the Philippines. The infected patient
was a female mixed bred 3-month-old puppy. The
presenting clinical signs were non-specific, including tick infestation, inappetence, fever, and lethargy
(Table-1). Thrombocytopenia and anemia were also
observed in the infected dog (Table-2). Coinfection
with Ehrlichia/Anaplasma and Babesia spp. in dogs
has been observed in other countries. At least one
clinical sign that characterizes the different TBDs was
observed in these cases [29-31]. The possibility of
coinfection of Ehrlichia/Anaplasma and Babesia spp.
or even more than two pathogens is usually higher in
thrombocytopenic cases [30,31].

None of the blood smears were found positive,
which implied low bacteremia and/or parasitemia.
The absence of pathogens in blood smears does not
rule out the possibility of infection as PBSE has low
sensitivity and reliability [4,17]. Although PBSE has
limited capability, it is a simple and cheap method
to detect TBD pathogens that can be useful, especially when commercial test kits are not available or
are deemed expensive. Veterinarians should perform
PBSE if condition warrants. However, molecular
methods are useful in cases where PBSE is negative
and/or clinical signs are not definitive [32].
Almost all of the subjects were exhibiting
inappetence (89%) and lethargy (80%) and had tick
infestation (89%). Other observed signs included
pale mucous membrane (39%), fever (34%), weight
loss (31%), and vomiting (20%) (Table-1). The most
observed clinical signs remain consistent in those positive for Ehrlichia/Anaplasma and/or Babesia spp.
These clinical signs are non-specific and can also
be observed in other TBDs [33]. For E. canis cases,

Table-1: Clinical signs of dogs PCR positive for Ehrlichia/Anaplasma and/or Babesia spp. in Cebu, Philippines (n=100).
Clinical signs

Ehrlichia/Anaplasma
positive (n=9)

Babesia
positive (n=16)

Coinfection
(n=1)

Negative
(n=74)

Total (n=100)

6
9
6
1
3
0
0
1
1
0
0
1
0
0

12
12
13
7
4
5
2
2
1
1
1
0
0
0

1
1
1
1
1
0
0
0
0
0
0
0
0
0

70
67
60
30
26
26
18
14
4
4
3
0
1
1

89
89
80
39
34
31
20
17
6
5
4
1
1
1

Inappetence
Tick infestation
Lethargy
Pale mucous membrane
Fever
Weight loss
Vomiting
History of Ehrlichia
Seizure
Mortality
Splenomegaly
Jaundice
Petechiae and Ecchymosis
Hemoglobinuria
PCR=Polymerase chain reaction

Table-2: Complete blood count analysis results of dogs tested for Ehrlichia/Anaplasma and Babesia spp. in Cebu,
Philippines (n=100).
Parameter

Packed cell volume (%)
RBC (×106/µL)
MCV (fL)
Hemoglobin (g/dL)
MCH (pg)
MCHC (g/dL)
Platelet (×103/µL)
WBC (×103/µL)
Differential count (%)
Basophil
Eosinophil
Neutrophil
Monocyte
Lymphocyte

Reference
values

Mean±SD

Co‑infection (n=1)

Negative (n=74)

Ehrlichia/Anaplasma
positive (n=9)

Babesia
positive
(n=16)

Mean±SD

35‑57
5.0‑7.9
66‑77
12‑19
21.0‑26.2
32‑36.3
211‑621
5.0‑14.1

31.1±9.5
4.9±1.2
62.7±4.2
10.3±3.0
19.0±2.4
33.3±0.8
97.0±66.5
14.0±7.5

30.0±9.3
4.8±1.6
65.3±15.6
10.0±3.2
21.7±5.3
33.2±1.2
108.6±81.5
13.6±8.9

36.0
4.9
74.2
12.1
24.9
33.6
30.0
5.9

31.3±13.4
4.5±2.1
77.2±30.5
9.9±4.9
25.5±10.4
33.5±0.1
130.4±103.0
13.8±11.9

0‑1
0‑9
58‑85
2‑10
8‑21

0.0±0.0
0.0±0.0
76.1±15.8
4.8±3.9
18.9±14.5

0.7±1.4
0.8±1.3
63.9±26.4
3.1±2.3
30.9±26.9

0.0
1.0
73.0
2.0
24.0

0.5±1.6
1.4±3.1
71.1±20.3
5.0±4.5
21.8±19.5

RBC=Red blood cell, WBC=White blood cell, SD=Standard deviation
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expression of clinical signs may be partly caused by
the infection of the pathogen to circulating monocytes that will affect different body systems or organs
producing varied clinical signs or their combinations [3,34]. On the other hand, the chronic cough and
hematuria observed in Babesia spp.-infected dogs [33]
were not observed. The varying signs may be caused
by indefinite clinicopathological patterns [25] or by
the disease stages of the infected animals [35].
Including the coinfected, 13 of the 17 Babesia
spp. positive had tick infestation and all (10 of 10) of
the Ehrlichia/Anaplasma spp. had tick infestation. For
those positive but with no observed ticks, the dogs may
have been exposed to the ticks and pathogens earlier.
This finding is similar to a previous study where the
absence or presence of ticks in the observed patient
did not rule out the possibility of infection [13,36].
The reported clinical signs of the subjects will
give suspicion for an Ehrlichia/Anaplasma and/or
Babesia spp. infection because these signs are common for TBDs. These signs have been reported in
canine ehrlichiosis cases [18,37], with the addition
of other signs, including apathy, lymphadenopathy,
splenomegaly, and uveitis. Epistaxis, which is the
most dramatic sign of CME experimental infection in
German shepherd dogs [34], was not observed in this
study.
CBC results revealed that 85%, 69%, and 55%
were found anemic, thrombocytopenic, and both,
respectively. Similar to the previous studies [13],
anemia and thrombocytopenia were the most common hematologic observations in the Ehrlichia/
Anaplasma and Babesia spp.-positive dogs (Table-2).
The mean PCV and red blood cells (RBC) counts
were lower than the reference values. Although
inconsistent, these findings were similar in experimentally E. canis-infected dogs where low PCV and
RBC were observed [38]. Similarly, platelet counts
were lower than the reference values which may be
due to the presence of antiplatelet serum during CME
infection [39]. Platelet count is a good screening test
for E. canis infection [40] and is used to assess recovery from the disease [41]. On the other hand, it was
expected that Babesia spp.-infected animals would
exhibit anemia and paleness because these pathogens parasitize RBCs [25,42,43]. These observed
hematological signs and the non-specific clinical
signs observed in the subjects found negative for the
tested pathogens which can be characteristic of other
TBD pathogens such as Rickettsia, Mycoplasma,
Hepatozoon, and Bartonella spp. [44], the low detection of Ehrlichia/Anaplasma and Babesia spp., and
the presence of the common tick vector in the area
suggest the possible presence of other TBDs in the
studied patients. Further investigations are needed to
determine their epidemiologic status in the country.
Statistical analyses revealed that inappetence
(p=0.044) and weight loss (p= 0.028) were found
Veterinary World, EISSN: 2231-0916

statistically significant with Ehrlichia/Anaplasma
infection. Basophil (p=0.001) and eosinophil counts
(p=0.000) were also found significantly different
between Ehrlichia/Anaplasma spp.-positive and -negative dogs. Basophil counts were within the normal
range, but those from Anaplasma/Ehrlichia spp.-negative dogs were mostly higher than those positive,
which conflicts the previous findings [13,45] where
Anaplasma platys-infected dogs had higher basophil
counts. Similarly, eosinophil counts were also higher
in negative dogs. Further studies are needed to clarify these observations. On the other hand, differential
monocyte count (p=0.009) was found significantly
different between Babesia spp.-positive and -negative dogs. Similar to a previous study [46], average
monocyte counts in this study were within the normal
range, but these were observed to be lower in Babesia
spp.-positive dogs (3.0%) than those negative (5.0%).
Further investigation is also needed to clarify this
observation.
The R. sanguineus tick can host several pathogens at a time, which can result in coinfection [47-49].
Coinfection with several pathogens is common [50],
producing severe and fatal signs in dogs [51,52]. Due
to possibilities of coinfection [53], especially with
other TBD pathogens that were not tested in this study,
it may be difficult to associate a specific clinical sign
or hematological abnormality to a particular canine
vector-borne disease.
Canine TBDs continue to be global threats. With
the common clinical signs seen in several TBDs either
as sole or coinfection, its diagnosis and treatment are
challenging. Surveillance of possible TBD pathogens
in an area is important, especially when the vector is
ubiquitous. This will assist veterinary practitioners in
making differential diagnoses. As the present study
only tested for Ehrlichia/Anaplasma and Babesia
spp., it cannot be ruled out that the observed clinical
signs might be influenced by other pathogens. It will
be interesting to test for other TBD pathogens, including Rickettsia, Bartonella, and Hepatozoon spp., in
the future and assess their clinical signs most, especially, in coinfections.
Conclusion

Ehrlichia/Anaplasma and Babesia spp. were
molecularly detected in dogs in Cebu, Philippines.
One dog was found coinfected with both pathogens,
which is the first report in the country. The most common clinical observations include tick infestation,
lethargy, inappetence, anemia, and thrombocytopenia.
The results of this study posit the possible presence of
other TBD pathogens in the country.
Authors’ Contributions

RHDY and APY conceptualized the study and
analyzed and wrote the manuscript. LLAA, LMPB,
KGFM, PBCC, ZROA, and MGT took charge of the
sample collection and data analyses. ML and XX gave
17

Available at www.veterinaryworld.org/Vol.11/January-2018/4.pdf

valuable insights and support in the conduct of the
study. All authors finally read and approved the final
manuscript.

12.

Acknowledgments

This study was funded by the University
Enhanced Creative Work and Research Grant of the
University of the Philippines Cebu, Japanese Society
for the Promotion of Science (KAKENHI 26304036),
and the Commission on Higher Education of the
Philippines. The authors would like to express its gratitude to the clinic and hospital owners for their participation and assistance to this study and to Dr. Keflin T.
Sinoy, Dr. Simeon Alabi, Dr. Ryan S. Yandug, and Dr.
Jorim C. Langbid for the technical support.

13.

14.

15.

Competing Interests

The authors declare that they have no competing
interests.

16.

References
1.

2.

3.

4.

5.
6.
7.
8.

9.

10.

11.

Ybañez, A.P., Perez, Z.O., Gabotero, S.R., Yandug, R.T.,
Kotaro, M. and Inokuma, H. (2012) First molecular detection of Ehrlichiacanis and Anaplasmaplatys in ticks from
dogs in Cebu, Philippines. Ticks Tickborne Dis., 3(5):
288-293.
Fourie, J.J., Stanneck, D., Luus, H.G., Beugnet, F.,
Wijnveld, M. and Jongejan, F. (2013) Transmission of
Ehrlichiacanis by Rhipicephalussanguineus ticks feeding
on dogs and on artificial membranes. Vet. Parasitol.,197(3):
595-603.
Ramos, R.A.N., Latrofa, M.S., Giannelli, A., Lacasella, V.,
Campbell, B.E., Dantas-Torres, F. and Otranto, D.
(2014) Detection of Anaplasmaplatys in dogs and
Rhipicephalussanguineus group ticks by a quantitative realtime PCR. Vet. Parasitol.,205(1): 285-288.
Ybañez, A.P., Ybañez, R.H.D., Yokoyama, N. and
Inokuma, H. (2015) RNA polymerase sub-unit β (rpoB)
characterization of Ehrlichiacanis detected from dogs
and Rhipicephalussanguineus ticks in Cebu, Philippines.
Philippines. Vet. Arch., 85: 601-608.
Ybañez, A.P. and Inokuma, H. (2016) Anaplasma species of
veterinary importance in Japan. Vet. World, 9(11): 1190.
Dantas-Torres, F. (2010) Biology and ecology of the brown
dog tick, Rhipicephalussanguineus. Parasit. Vectors,
3(1): 26.
Al Izzi, S., Martin, D.S., Chan, R.Y. and Leutenegger, C.M.
(2013) Babesiacanisvogeli, Ehrlichiacanis, and Anaplasma
platys infection in a dog. Vet. Clin. Pathol.,42(4): 471-475.
Adamu, M., Troskie, M., Oshadu, D.O., Malatji, D.P.,
Penzhorn, B.L. and Matjila, P.T. (2014) Occurrence of
tick-transmitted pathogens in dogs in Jos, Plateau State,
Nigeria. Parasit. Vectors, 7(1): 119.
Costa, A.P.D., Costa, F.B., Labruna, M.B., Silveira, I.,
Moraes-Filho, J., Soares, J.F., Spolidorio, M.G. and
Guerra, R.D.M. (2015) A serological and molecular survey
of Babesiavogeli, Ehrlichiacanis and Rickettsia spp. among
dogs in the state of Maranhão, Northeastern Brazil. Rev.
Bras Parasitol. Vet., 24(1): 28-35.
Matjila, P.T., Leisewitz, A.L., Jongejan, F. and
Penzhorn, B.L. (2008) Molecular detection of tick-borne
protozoal and ehrlichial infections in domestic dogs in
South Africa. Vet. Parasitol., 155(1): 152-157.
Kelly, P.J., Xu, C., Lucas, H., Loftis, A., Abete, J., Zeoli, F.,
Stevens, A., Jaegersen, K., Ackerson, K., Gessner, A. and
Kaltenboeck B. (2013) Ehrlichiosis, babesiosis, anaplasmosis and hepatozoonosis in dogs from St. Kitts, West Indies.
PLoS One, 8(1): e53450.

Veterinary World, EISSN: 2231-0916

17.
18.

19.
20.
21.

22.
23.
24.

25.

26.

27.

28.

Tanikawa, A., Labruna, M.B., Costa, A., Aguiar, D.M.,
Justiniano, S.V., Mendes, R.S., Melo, A.L.T., Alves, C.J.
and Azevedo, S.S. (2013) Ehrlichiacanisin dogs in a
semiarid region of Northeastern Brazil: Serology, molecular detection and associated factors. Res. Vet. Sci., 94(3):
474-477.
Ybañez, A.P., Ybañez, R.H.D., Villavelez, R.R.,
Malingin, H.P.F., Barrameda, D.N.M., Naquila, S.V. and
Olimpos, S.M.B. (2016) Retrospective analyses of dogs
found serologically positive for Ehrlichiacanisin Cebu,
Philippines from 2003 to 2014. Vet. World, 9(1): 43-47.
Cruz-Flores, M.J., Claveria, F.G., Verdida, R., Xuan, X. and
Igarashi, I. (2008) First detection of Babesiagibsoni infection in Philippine stray dogs by immunochromatographic
test (ICT). Vet. Arhiv., 78(2): 149.
Ybanez, A.P., Sivakumar, T., Ybanez, R.H.D., Ratilla, J.C.,
Perez, Z.O., Gabotero, S.R., Hakimi, H., Kawazu, S.I.,
Matsumoto, K., Yokoyama, N. and Inokuma, H. (2013)
First molecular characterization of Anaplasmamarginale
in cattle and Rhipicephalus(Boophilus) microplus ticks in
Cebu, Philippines. J. Vet. Med. Sci., 75(1): 27-36.
Matsuu, A., Ono, S., Ikadai, H., Uchide, T., Imamura, S.,
Onuma, M. and Higuchi, S. (2005) Development of a
SYBR green real-time polymerase chain reaction assay for
quantitative detection of Babesiagibsoni (Asian genotype)
DNA. J. Vet. Diagn. Invest., 17(6): 569-573.
Ybañez, A.P. (2014) First molecular evidence of
Ehrlichiacanisinfection in dogs with probable disease
relapse in the Philippines. J. Adv. Vet. Res., 4: 184-188.
Kordick, S.K., Breitschwerdt, E.B., Hegarty, B.C.,
Southwick, K.L., Colitz, C.M., Hancock, S.I., Bradley, J.M.,
Rumbough, R., Mcpherson, J.T. and MacCormack, J.N.
(1999) Coinfection with multiple tick-borne pathogens
in a walker hound kennel in North Carolina. J. Clin.
Microbiol.,37(8): 2631-2638.
Harrus, S. and Waner, T. (2011) Diagnosis of canine monocytotropicehrlichiosis (Ehrlichiacanis): An overview. Vet.
J., 187(3): 292-296.
Akhtardanesh, B., Blourizadeh, H. and Ghanbarpour, R.
(2010) Serological evidence of canine monocyticehrlichiosis in Iran. Comp. Clin. Pathol., 19: 469-474.
Buhles, W.C. Jr., Huxsoll, D.L. and Ristic, M. (1974)
Tropical canine pancytopenia: Clinical, hematologic, and
serologic response of dogs to Ehrlichiacanisinfection, tetracycline therapy, and challenge inoculation. J. Infect. Dis.,
130(4): 357-367.
Elias, E. (1992) Diagnosis of ehrlichiosis from the presence
of inclusion bodies or morulae of E can is. J. Small Anim.
Pract., 33(11): 540-543.
McDade, J.E. (1990) Ehrlichiosis-a disease of animals and
humans. J. Infect. Dis., 161: 609-617.
Dagnone, A.S., De Morais, H.S.A., Vidotto, M.C.,
Jojima, F.S. and Vidotto, O. (2003) Ehrlichiosis in anemic,
thrombocytopenic, or tick-infested dogs from a hospital
population in South Brazil. Vet. Parasitol., 117(4): 285-290.
Solano-Gallego, L., Trotta, M., Carli, E., Carcy, B.,
Caldin, M. and Furlanello, T. (2008) Babesiacanis and
Babesiacanisvogeliclinicopathological findings and DNA
detection by means of PCR-RFLP in blood from Italian
dogs suspected of tick-borne disease. Vet. Parasitol.,157(3):
211-221.
Maia, M.G., Costa, R.T., Haddad, J.P., Passos, L.M. and
Ribeiro, M.F. (2007) Epidemiological aspects of canine
babesiosis in the semiarid area of the state of Minas Gerais,
Brazil. Prev. Vet. Med., 79(2), 155-162.
Baticados, A.M., Baticados, W.N., Villarba, L.A.,
Carlos, E.T., Carlos, S. and Fajardo, P.V. (2011) PCR assay
and microscopy for examination of mixed Ehrlichiacanis
and Babesia spp. infection in bomb sniffing dogs and other
canines in the national capital region, Philippines. Eur. J.
Vet. Sci., 27: 111-115.
Corales, J.M.I., Viloria, V.V., Venturina, V.M. and
18

Available at www.veterinaryworld.org/Vol.11/January-2018/4.pdf

29.

30.

31.

32.
33.

34.
35.

36.

37.

38.

39.

40.

41.

Mingala, C.N. (2014) The prevalence of Ehrlichiacanis,
Anaplasmaplatys and Babesia spp. in dogs in Nueva Ecija,
Philippines based on multiplex polymerase chain reaction
(mPCR) assay. Ann. Parasitol., 60: 267-272.
Das, M. and Konar, S. (2013) Clinical and hematological
study of canine ehrlichiosis with other hemoprotozoan parasites in Kolkata, West Bengal, India. Asian Pac. J. Trop.
Biomed., 3(11): 913-915.
Santos, F., Coppede, J.S., Pereira, A.L., Oliveira, L.P.,
Roberto, P.G., Benedetti, R.B. and Marins, M. (2009)
Molecular evaluation of the incidence of Ehrlichiacanis,
Anaplasmaplatys and Babesia spp. in dogs from
RibeirãoPreto, Brazil. Vet. J., 179(1): 145-148.
Rojas, A., Rojas, D., Montenegro, V., Gutiérrez, R.,
Yasur-Landau, D. and Baneth, G. (2014) Vector-borne
pathogens in dogs from Costa Rica: First molecular description of Babesiavogeli and Hepatozooncanisinfections with
a high prevalence of monocyticehrlichiosis and the manifestations of co-infection. Vet. Parasitol. 199(3): 121-128.
Földvári, G., Hell, E. and Farkas, R. (2005) Babesiacanis in
dogs from hungary: Detection by PCR and sequencing. Vet.
Parasitol.,127(3): 221-226.
Duh, D., Tozon, N., Petrovec, M., StraŠek, K. and AvŠicŽupanc, T. (2004) Canine babesiosis in Slovenia: Molecular
evidence of Babesiacaniscanis and Babesiacanisvogeli.
Vet. Res., 35(3): 363-368.
Huxsoll, D.L., Hildebrandt, P.K., Nims, R.M., Amyx, H.L.
and Ferguson, J.A. (1970) Epizootiology of tropical canine
pancytopenia. J. Wildlife Dis., 6(4): 220-225.
Waner, T. and Harrus, S. (2000) Canine monocyticehrlichiosis. In: Recent advances in canine infectious diseases. In: Carmichael, L.E., editor. International Veterinary
Information Service. Available from: http://www.ivis.
org/advances/infect_dis_carmichael/waner/ivis.pdf. Last
accessed on 30-06-2017.
Ybañez, A.P., Ybañez, R.H.D., Talle, M.G., Liu, M.,
Moumouni, P.F.A. and Xuan, X. (2017) First report
on Babesiavogeli infection in dogs in the Philippines.
Parasitol. Int., 66(1): 813-815.
Nakaghi, A.C.H., Machado, R.Z., Costa, M.T., André, M.R.
and Baldani, C.D. (2008) Canine ehrlichiosis: Clinical,
hematological, serological and molecular aspects. Ciência
Rural., 38: 766-770.
Waner, T., Harrus, S., Bark, H., Bogin, E., Avidar, Y. and
Keysary, A. (1997) Characterization of the subclinical
phase of canine ehrlichiosis in experimentally infected beagle dogs. Vet. Parasitol., 69: 307-317.
Harrus, S., Waner, T., Keysary, A., Aroch, I., Voet, H.
and Bark, H. (1998) Investigation of splenic functions in
canine monocyticehrlichiosis. Vet. Immunol. Immunopath.,
62: 15-27.
Bulla, C., Takahira, R.K., Araújo J.P. Jr., Aparecida, T.L.,
Lopes, R.S. and Wiedmeyer, C.E. (2004) The relationship
between the degree of thrombocytopenia and infection with
Ehrlichiacanisin an endemic area. Vet. Res., 35(1): 141-146.
Harrus, S., Waner, T., Aizenberg, I. and Bark, H. (1998)

Veterinary World, EISSN: 2231-0916

42.

43.

44.
45.

46.

47.

48.

49.

50.
51.

52.

53.

Therapeutic effect of doxycycline in experimental subclinical canine monocyticehrlichiosis: Evaluation of a 6-week
course. J. Clin. Microbiol., 36: 2140-2142.
René-Martellet, M., Chêne, J., Chabanne, L.,
Chalvet-Monfray, K. and Bourdoiseau, G. (2013) Clinical
signs, seasonal occurrence and causative agents of canine
babesiosis in France: Results of a multiregional study. Vet.
Parasitol.,197(1): 50-58.
Salem, N.Y. and Farag, H.S. (2014) Clinical, hematologic, and molecular findings in naturally occurring
Babesiacanisvogeli in Egyptian dogs. Vet. Med. Int.,
2014: 270345.
Shaw, S.E., Day, M.J., Birtles, R.J. and Breitschwerdt, E.B.
(2001) Tick-borne infectious diseases of dogs. Trends.
Parasitol., 17(2): 74-80.
Lasta, C.S., Santos, A.P.D., Messick, J.B., Oliveira, S.T.,
Biondo, A.W., Vieira, R.F.D., Dalmolin, M.L. and
González, F.H.D. (2013) Molecular detection of
Ehrlichiacanis and Anaplasmaplatys in dogs in Southern
Brazil. Rev. Bras. Parasitol. Vet.,22(3): 360-366.
Zygner, W., Gójska, O., Rapacka, G., Jaros, D. and
Wędrychowicz, H. (2007) Hematological changes during
the course of canine babesiosis caused by large Babesia in
domestic dogs in Warsaw (Poland). Vet. Parasitol.,145(1):
146-151.
Latrofa, M.S., Dantas-Torres, F., Giannelli, A. and
Otranto, D. (2014) Molecular detection of tick-borne
pathogens in Rhipicephalussanguineus group ticks. Ticks
Tickborne Dis., 5(6): 943-946.
Cicuttin, G.L., Brambati, D.F., Eugui, J.I.R., Lebrero, C.G.,
De Salvo, M.N., Beltrán, F.J., Dohmen, F.E.G., Jado, I.
and Anda, P. (2014) Molecular characterization of
Rickettsia massiliae and Anaplasma platys infecting
Rhipicephalussanguineus ticks and domestic dogs, Buenos
Aires (Argentina). Ticks Tick-borne Dis., 5(5): 484-488.
Vargas-Hernández, G., André, M.R., Faria, J.L.M.,
Munhoz, T.D., Hernandez-Rodriguez, M., Machado, R.Z.
and Tinucci-Costa, M. (2012) Molecular and serological
detection of Ehrlichiacanisand Babesiavogeli in dogs in
Colombia. Vet. Parasitol.,186(3): 254-260.
Rani, P.A.M.A., Irwin, P.J., Coleman, G.T., Gatne, M. and
Traub, R.J. (2011) A survey of canine tick-borne diseases in
India. Parasites Vectors, 4(1): 141.
Hii, S.F., Kopp, S.R., Thompson, M.F., O’leary, C.A.,
Rees, R.L. and Traub, R.J. (2012) Canine vector-borne
disease pathogens in dogs from south-east Queensland and
north-east Northern Territory. Aust. Vet. J., 90(4): 130-135.
Gal, A., Harrus, S., Arcoh, I., Lavy, E., Aizenberg, I.,
Mekuzas-Yisaschar, Y. and Baneth, G. (2007) Coinfection
with multiple tick-borne and intestinal parasites in a
6-week-old dog. Can. Vet. J., 48: 619-622.
de Caprariisa, D., Dantas-Torresa, F., Capellib, G.,
Menckec, N., Stanneckc, D., Breitschwerdt, E.B. and
Otrantoa, D. (2011) Evolution of clinical, haematological
and biochemical findings in young dogs naturally infected
by vector-borne pathogens. Vet. Microbiol., 149: 206-212.

********

19

