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Abstract

Hepatozoonosis is an arthropod-borne disease caused by Apicomplexan protozoa from the family
Hepatozoidae, genus Hepatozoon described in amphibians, reptiles, birds, marsupials and mammals. Transmission of
Hepatozoon spp. in dogs occurs by ingestion of ticks that contains mature oocysts. The aim of this study was to investigate
the prevalence of H. canis in dogs from the west and south-west Romania by using non-molecular and molecular
techniques and the relationship between infestation and some epidemiological factors. During study 260 symptomatic
and asymptomatic dogs from eleven west and south-western Romania counties were investigated by Diff Quik stain and
PCR for presence of Hepatozoon spp. Molecular surveillance of blood samples from dogs in the western and south-
western Romania, showed a 9.3% prevalence of canine hepatozoonosis. No statistical differences were observed between
prevalence reported in age, gender, race, habitat and provenance. Following amplification of 18S rDNA gene sequence
Hepatozoon canis species was identified. The results demonstrate the expansion of this disease transmitted by vectors in
non-endemic regions and is first screening in the canine population in Romania.
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Introduction

Hepatozoonosis is an arthropod-borne disease caused by over 300 different species of
protozoa of the family Hepatozoidae, suborder Adeleorina, Hepatozoon genus described in
amphibians, reptiles, birds, marsupials and mammals. Of these, more than 120 species are found
in reptiles and about 50 have been reported in mammals (Baneth, 2001, 2011, Vincent Johnson,
2014).

The genus name is due to the merogonic development of type strain Hepatozoon muris in
the rat liver. The species from amphibians, reptiles and birds are red blood cells parasites, while in
mammals Hepatozoon spp. gamonts are found mainly in leukocytes. There is a variety of
haematophagous arthropod vectors that serve as the definitive host for different species of
Hepatozoon. These hosts include ticks, mites, mosquitoes, sand flies, tsetse flies, fleas, lice and
reduviidae (Baneth 2006, Macintire and Vincent-Johnson, 2006).

Transmission of Hepatozoon spp. occurs by ingestion of the definitive host, an invertebrate
that contains mature oocysts, by the intermediate host, a vertebrate. There have been identified two
species, in domestic dogs as intermediate host, namely Hepatozoon canis and Hepatozoon
americanum (Baneth 2001, 2004, 2011, Vincent-Johnson, 2014 Ivanov and Tsachev, 2008).

The general lack of information on the spread and prevalence of canine hepatozoonosis in
Europe, the lack of molecular studies to determine the species and the lack of information on
Hepatozoon infection in the canine population of Romania led to the present study on 260 dogs,
apparently asymptomatic and symptomatic, from different counties of Romania.

The purpose of this study was to investigate the prevalence of H. canis in dogs from the
west and south-west Romania by using non-molecular and molecular techniques and the
relationship between infestation and some epidemiological factors.
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Materials and methods

Area and animals studied

During 2011-2015, in order to identify of some pathogens with blood localizations,
including etiological agents from Hepatozoon genus, a total of 260 symptomatic and asymptomatic
dogs were investigated.

The research was conducted at the Parasitology and parasitic diseases clinic of Faculty of
Veterinary Medicine Timisoara. Samples representing of dogs blood from various localities in
western and south western Romania were collected.

The study was conducted in both rural and urban areas, in eleven west and south-western
Romania counties (Arad, Bihor, Caras-Severin, Dolj, Hunedoara, Gorj, Mehedinti, Olt, Satu-Mare,
Timis, Valcea) with the support of veterinarians from private veterinary clinics and owners.

Dogs were cases of University Veterinary Clinics, private clinics, shelters or dog
households. Animal’s age ranged from 2 months to 16 years and there were several purebreds and
crossbreds. Symptomatic animals had at least one clinical sign characteristic of a morbid entities,
the most common clinical signs recorded were fever, hemoglobinuria, jaundice, dyspnea, arthritis,
lameness, resistance to antibiotics related to previous contact with a tick, anorexia progressive
weakening.

Working methods

After general examination of each animal whole blood sample were collected in sterile
vacutainer with anticoagulant EDTA by puncture of the cephalic vein. In the day of collection or
at a later date the samples were processed by classical techniques or molecular biology to highlight
the presence of blood parasites concerned. The smears were stained by Diff-Quik method and then
microscopically examined.

The first stage in the molecular analysis was the isolation of genomic parasitic DNA from
the blood sample analyzed. This extraction was performed using PureLink®Genomic DNA Mini
Kit kit (INVITROGEN®). The purified DNA product obtained was kept in a freezer at - 20° C
until further processed.

The extracted DNA was subjected to polymerase chain reaction (PCR) of the 18S rRNA
gene fragment (about 666 base pairs section) using specific primer set HepF (forward) (5'-
ATACATGAGCAAAATCTCAAC-3") and HepR (reverse) (5-CTTATTATTCCATGCTGCAG-
3") and amplification conditions described by INOKUMA et al., 2002.

Positive and negative controls were also included in the reactions. In addition, to confirm
the results of PCR 9 PCR products of H. canis, randomly selected, were purified and sequenced
(Macrogen Europe®, Amsterdam, The Netherlands) using the same primers.

Control of the amplicons was performed by electrophoresis in a system horizontal
submerged electrophoresis in 1.5% agarose gel at 120 V and 90 mA for 60 minutes.

After migrating samples in agarose gel, migrated DNA fragments in gel image was
captured using a UV photodocumentation system (Molecular Imager® Gel Documentation System
DocTM XR + Bio Rad®). Acquisition was performed using image analysis program Quantity One
ver. 4.6.5., and using the computer program to calculate the amount of USI Vilber Lourmat
amplified fragments.

Statistical analysis of the results was performed using GraphPad Software QuickCalcs to
evaluate possible differences between epidemiological data of the dogs in the study. A value of
p<0.05 was considered statistically significant.

Results and discussions

After examining blood samples (Table 1) different results depending on the method used
were obtained. Thus, examination of stained Diff-Quik smears method revealed gamonts in 10 of
the 260 dogs examined, which is a prevalence of 3.8%.
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Table 1
Sinoptic of positive samples resulting from epidemiological investigation of Hepatozoon canis
infection in 260 dogs studied, in the western and south-western Romania

Hepatozoon canis

Epldeg:;);oglcal Diff-Quik PCR
(o) (o)
Age
<2 years (n=70) 2(2)9) 4 (5,7)
> 2 to 6 years 3(2.8) 8 (7.3)
(n=110) ’ ’
> 6 years (n= 80) 5(6,3) 12 (15,0)
Gender
Female (n=149) 6 (4,0) 14 (9,4)
Male (n=111) 4 (3,6) 10 (9,0)
Breed
Pure (n=210) 6(2,9) 16 (7,6)
Mixed (#=50) 4 (8,0) 8 (16,0)
Habitat
Urban (n=190) 6(3,2) 15 (7,9)
Rural (n=70) 4(5,7) 9(12,9)
Owner
With (n=230) 52.2) 18 (7,8)
Without (n=30) 5(16,7) 6 (20,0)
Total 10/260 24/260
(3,8%) (9,3%)

n — dogs examined; % - prevalence obtained

Diff-Quik method is sensitive and specific, gamonts (fig. 1) are observed based on the
morphological appearance in leukocytes in mammals, and the disadvantage of this method is that
only a small percentage of infection can be detected by this method.

Fig. 1. Hepatozoon spp. (original)
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Molecular biology analysis of 260 blood samples from dogs originating from 11 counties

of western and south-western Romania revealed the presence of Hepatozoon spp etiologic agents.

Molecular screening of the 260 blood samples from dogs in the western and south-western

Romania, registered a prevalence of 9.3% (24/260) for canine hepatozoonosis. Thus, based on
amplification of the 18S rDNA sequence of the gene Hepatozoon canis species was identified.

The products of migration in 1.5% agarose gel of the PCR revealed consistent thickness
and apparent bright strips at about 666 bp (Fig. 2)

Sequencing was done successfully for all the selected samples (n = 9), and confirmed the
results of the conventional PCR. Genetic sequences of 18S rRNA isolated from H. canis in dogs,
were identical to each other, and indicated the presence of a single genotype in our country.

The presence of this parasite in dogs is not surprising, given that tick R. sanguineus is wide
distributed in the studied area (Imre et al., 2012, 2015).

During the sampling medical history and data about every animal we obtained and also
additional data on the origin (232 dogs from urban areas and 28 dogs from rural areas), breed (50
mongrels and 210 pure-bred), age (<2 years 70 dogs, 146 dogs from 2 to < 6; 44 dogs aged over 6
years), gender (149 females and 111 males) (Table 1).

Fig. 2. Migration of PCR products in molecular diagnosis of Hepatozoon canis
(Mp-positive control; Neg. — negative samples, 666 — positive samples) (original)

It was observed that the prevalence increased with age and were affected both females and
males (9.4% - and 9.0 F - M), both pure breed dogs (7.6%) and cross breed (16%). The infestation
was present in dogs in urban areas (7.9%) and those in rural areas (12.9%) in those with owners
(7.8%) and without owner (20%). No statistical differences were observed between prevalence
reported in age, gender, race, habitat and provenance.

The prevalence of hepatozoonosis has different values in the world. In the United States,
Grenada, Yabsley et al., 2008, have identified a prevalence of 7%, by PCR in the dogs included in
the study. In the south-eastern USA, LI et al. (20) examined blood samples of 614 dogs using the
same technique and have found a prevalence of 27.2% for H. americanum, 2.3% H. canis and a
value of 2.3% for mixed infections (H. americanum + H. canis). In the southern US, Allen et al.,
2008, identified a prevalence of H. americanum of 1.83% and 98.8% for H. canis.

By examining blood smears, Mundim et al., 2008, established in dogs of Minas Gerais,
Brazil, a seroprevalence of 77.39% for H. canis, while ODWYER et al., 2001, by the same
technique, reported a 39.2% seroprevalence in dogs in Rio de Janeiro, Brazil. In 2008, Metzer et
al., 2008, examined samples from wild cats from different zoos by PCR and identified a prevalence
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of 17.24% to 3.44% H. canis and H. americanum. Also in Brazil, Lima de Miranda et al., 2011,
found in a tick (Rhipicephalus microplus) from a dog H. canis oocysts.

Mylonakis et al., 2005, tested by ELISA serological method, 69 samples from dogs in
Greece and obtained 65.2% seropositivity for H. canis.

On the Aegean coast of Turkey, Karagenc et al. 2006, studied samples from 349 dogs and
obtained a prevalence of 10.6% through blood smears method, 36.8% by indirect
immunofluorescence and 25.8% by PCR (for H. canis ).

In France, Criado-Fomelio et al., 2009, examined by PCR serological samples to identify
hepatozoonosis in dogs and cats. The authors identified a prevalence of 0.9% and 1.7% for H.
canis.

In Croatia, Vojta et al. 2009, have obtained a prevalence of 11.6% in dogs.

Conclusions

Molecular surveillance of blood samples from dogs in the western and south-western
Romania, showed a 9.3% prevalence of canine hepatozoonosis.

Following amplification of 18S rDNA gene sequence Hepatozoon canis species was
identified.

The results demonstrate the expansion of this disease transmitted by vectors in non-
endemic regions and is first screening in the canine population in Romania.

Acknowledgements

This study was financially supported by the Ministry of Education, Research and
Innovation and CNCS-UEFISCDI from Romania, Grant TE 277 No.116/2010 and this paper was
published under the frame of European Social Fund, Human Resources Development Operational
Programme 2007-2013, project no. POSDRU/159/1.5/S/132765.

References

1. Allen, K. E., Li, Y., Kaltenboeck, B., Johnson, E. M., Reichard, M. V., Panciera, R. J., Little, S. E.
(2008) - Diversity of Hepatozoon species in naturally infected dogs in the southern United States.
Vet. Parasitol., 154: 220-225.

2. Baneth G. (2004) - Canine hepatozoonosis-Two different diseases. 29th World Small Animal
Veterinary Association World Congress Proceedings; Rhodes, Greece 2004.

3. Baneth G., (2006) - CHAPTER 74 Hepatozoonosis in GREENE CE. Infectious Diseases of the Dog
and Cat, 3rd ed.Elsevier, St. Louis, Missouri, USA, 1387 pp. ISBN 1-4160-3600-8,

4. Baneth, G. (2001) - Hepatozoonosis, canine. In Encyclopedia of Arthropod-transmitted Infections of

Man and Domesticated Animals, Ed M.W. Service. Oxon, CAB International. pp 215-220.

Baneth, G. (2011) - Perspectives on canine and feline hepatozoonosis. Vet. Parasitol., 181: 3-11.

Criado-Fornelio, A., Buling, A., Pingret, J.L., Etievant, M., Boucraut-Baralon, C., Alongi, A., Agnone,

A., Torina, A. (2009) - Hemoprotozoa of domestic animals in France: Prevalence and molecular

characterization. Vet. Parasitol., 159: 73-76.

7. Imre Mirela, Dudu Andreea, llie M S., Morariu S, Imre K, And Darabus Gh. (2015) - Molecular Survey
of Hepatozoon canis in Red Foxes (Vulpes vulpes) from Romania, Journal of Parasitology
101(4):490-491.

8. Imre, M., llie M. S., Mihali C. V., Oprescu I., Morariu S., Hotea |., Imre K., llie A., Palca M., Darabus
Gh.. (2012) - Prevalence of tick species in dogs using classical methods and SEM. Lucrari. Stiintifice
Medicina Veterinara 45: 131-136.

9. Inokuma, H., Okuda, M., Ohno, K., Shimoda, K., Onishi, T., (2002) - Analysis of the 18S rRNA gene
sequence of a Hepatozoon detected in two Japanese dogs. Vet. Parasitol. 106, 265-271.

10. Ivanov A., Tsachev I. (2008) - Hepatozoon canis and hepatozoonosis in the dog, Trakia Journal of
Sciences, 6, 2, 27-35.

11. Karagenc, T. |, Pasa, S., Kirli, G., Hosgor, M., Bilgic, H. B., Ozon, Y. H., Atasoy, A., Eren, H. (2006)
- A parasitological, molecular and serological survey of Hepatozoon canis infection in dogs around
the Aegean coast of Turkey. Vet. Parasitol., 135:113—-119.

12. Lima De Miranda, R., Ribeiro De Castro, J., Martins Olegario, M. M., Beletti, M. E., Mundim, A. V.,
O’dwyer, Lucia Helena, Eyal, O., Talmi-Frank, D., Cury, Marcia Cristina, Baneth, G. (2011) - Oocysts

404

o o


http://www.sciencedirect.com/science/journal/03044017
http://www.sciencedirect.com/science?_ob=RedirectURL&_method=outwardLink&_partnerName=27983&_origin=article&_zone=art_page&_linkType=scopusAuthorDocuments&_targetURL=http%3A%2F%2Fwww.scopus.com%2Fscopus%2Finward%2Fauthor.url%3FpartnerID%3D10%26rel%3D3.0.0%26sortField%3Dcited%26sortOrder%3Dasc%26author%3DCriado-Fornelio%2C%2520A.%26authorID%3D6603439916%26md5%3D6b83a253bce0c383fa0f9a4fe9778cc4&_acct=C000067007&_version=1&_userid=5611402&md5=80c1698b40eb7330ddbf205fdf06f2e1
http://www.sciencedirect.com/science?_ob=RedirectURL&_method=outwardLink&_partnerName=27983&_origin=article&_zone=art_page&_linkType=scopusAuthorDocuments&_targetURL=http%3A%2F%2Fwww.scopus.com%2Fscopus%2Finward%2Fauthor.url%3FpartnerID%3D10%26rel%3D3.0.0%26sortField%3Dcited%26sortOrder%3Dasc%26author%3DBuling%2C%2520A.%26authorID%3D15062503400%26md5%3D191bebe96efd5708f1e0e7e853787838&_acct=C000067007&_version=1&_userid=5611402&md5=9985752242361baa4ae0ad52b15c9571
http://www.sciencedirect.com/science?_ob=RedirectURL&_method=outwardLink&_partnerName=27983&_origin=article&_zone=art_page&_linkType=scopusAuthorDocuments&_targetURL=http%3A%2F%2Fwww.scopus.com%2Fscopus%2Finward%2Fauthor.url%3FpartnerID%3D10%26rel%3D3.0.0%26sortField%3Dcited%26sortOrder%3Dasc%26author%3DPingret%2C%2520J.L.%26authorID%3D6507598943%26md5%3Da65cdb607d0deb9f8f20a2e61e9cc5c1&_acct=C000067007&_version=1&_userid=5611402&md5=baf304573d16e97cf8fc06a9ea65270c
http://www.sciencedirect.com/science?_ob=RedirectURL&_method=outwardLink&_partnerName=27983&_origin=article&_zone=art_page&_linkType=scopusAuthorDocuments&_targetURL=http%3A%2F%2Fwww.scopus.com%2Fscopus%2Finward%2Fauthor.url%3FpartnerID%3D10%26rel%3D3.0.0%26sortField%3Dcited%26sortOrder%3Dasc%26author%3DEtievant%2C%2520M.%26authorID%3D26221766700%26md5%3D769ee4d2edecd838ebc8b5a31290ff27&_acct=C000067007&_version=1&_userid=5611402&md5=72e3224f921c12ea373650e4219a516b
http://www.sciencedirect.com/science?_ob=RedirectURL&_method=outwardLink&_partnerName=27983&_origin=article&_zone=art_page&_linkType=scopusAuthorDocuments&_targetURL=http%3A%2F%2Fwww.scopus.com%2Fscopus%2Finward%2Fauthor.url%3FpartnerID%3D10%26rel%3D3.0.0%26sortField%3Dcited%26sortOrder%3Dasc%26author%3DBoucraut-Baralon%2C%2520C.%26authorID%3D6603062500%26md5%3D1818cef2aae57c7e81dff5a6d06f1c8d&_acct=C000067007&_version=1&_userid=5611402&md5=38ce9239d8460facedebb5cf1a2a8edc
http://www.sciencedirect.com/science?_ob=RedirectURL&_method=outwardLink&_partnerName=27983&_origin=article&_zone=art_page&_linkType=scopusAuthorDocuments&_targetURL=http%3A%2F%2Fwww.scopus.com%2Fscopus%2Finward%2Fauthor.url%3FpartnerID%3D10%26rel%3D3.0.0%26sortField%3Dcited%26sortOrder%3Dasc%26author%3DAlongi%2C%2520A.%26authorID%3D9037950600%26md5%3D4fad9bff6a80f7727ede297bf6fd2406&_acct=C000067007&_version=1&_userid=5611402&md5=1a8f8259b2afd92fafcbd6e7ee5b954a
http://www.sciencedirect.com/science?_ob=RedirectURL&_method=outwardLink&_partnerName=27983&_origin=article&_zone=art_page&_linkType=scopusAuthorDocuments&_targetURL=http%3A%2F%2Fwww.scopus.com%2Fscopus%2Finward%2Fauthor.url%3FpartnerID%3D10%26rel%3D3.0.0%26sortField%3Dcited%26sortOrder%3Dasc%26author%3DAgnone%2C%2520A.%26authorID%3D25639324100%26md5%3Debc849967db13c2e43c82549fed0f200&_acct=C000067007&_version=1&_userid=5611402&md5=6a030ed65627f96cb2c555fd8b7bb9fa
http://www.sciencedirect.com/science?_ob=RedirectURL&_method=outwardLink&_partnerName=27983&_origin=article&_zone=art_page&_linkType=scopusAuthorDocuments&_targetURL=http%3A%2F%2Fwww.scopus.com%2Fscopus%2Finward%2Fauthor.url%3FpartnerID%3D10%26rel%3D3.0.0%26sortField%3Dcited%26sortOrder%3Dasc%26author%3DTorina%2C%2520A.%26authorID%3D8833471600%26md5%3Db1bf99acc894efdb2613031ac8aa856b&_acct=C000067007&_version=1&_userid=5611402&md5=b8e5fba98ecbf064dc575270fefbd04a
http://www.sciencedirect.com/science/journal/03044017
http://www.sciencedirect.com/science?_ob=RedirectURL&_method=outwardLink&_partnerName=27983&_origin=article&_zone=art_page&_linkType=scopusAuthorDocuments&_targetURL=http%3A%2F%2Fwww.scopus.com%2Fscopus%2Finward%2Fauthor.url%3FpartnerID%3D10%26rel%3D3.0.0%26sortField%3Dcited%26sortOrder%3Dasc%26author%3Dde%2520Miranda%2C%2520Renata%2520Lima%26authorID%3D36953007400%26md5%3Db14f324523fdc8caa2113b2ef9581e0b&_acct=C000067007&_version=1&_userid=5611402&md5=943cc04a3feb078136e98c0dbdef9142
http://www.sciencedirect.com/science?_ob=RedirectURL&_method=outwardLink&_partnerName=27983&_origin=article&_zone=art_page&_linkType=scopusAuthorDocuments&_targetURL=http%3A%2F%2Fwww.scopus.com%2Fscopus%2Finward%2Fauthor.url%3FpartnerID%3D10%26rel%3D3.0.0%26sortField%3Dcited%26sortOrder%3Dasc%26author%3Dde%2520Castro%2C%2520Jacqueline%2520Ribeiro%26authorID%3D7004930993%26md5%3D054e890f120eb7495ea5693fbb673c6e&_acct=C000067007&_version=1&_userid=5611402&md5=43ec9e49ea3e44886f68f94d3f51dab0
http://www.sciencedirect.com/science?_ob=RedirectURL&_method=outwardLink&_partnerName=27983&_origin=article&_zone=art_page&_linkType=scopusAuthorDocuments&_targetURL=http%3A%2F%2Fwww.scopus.com%2Fscopus%2Finward%2Fauthor.url%3FpartnerID%3D10%26rel%3D3.0.0%26sortField%3Dcited%26sortOrder%3Dasc%26author%3DOleg%25C3%25A1rio%2C%2520Maria%2520Marlene%2520Martins%26authorID%3D36620732800%26md5%3D63c2c7f228e2fca8425fa8f365b0a6de&_acct=C000067007&_version=1&_userid=5611402&md5=4f793c59e95a3f7c68d110ae81d1c894
http://www.sciencedirect.com/science?_ob=RedirectURL&_method=outwardLink&_partnerName=27983&_origin=article&_zone=art_page&_linkType=scopusAuthorDocuments&_targetURL=http%3A%2F%2Fwww.scopus.com%2Fscopus%2Finward%2Fauthor.url%3FpartnerID%3D10%26rel%3D3.0.0%26sortField%3Dcited%26sortOrder%3Dasc%26author%3DBeletti%2C%2520Marcelo%2520Em%25C3%25ADlio%26authorID%3D21741441400%26md5%3D2973c1f6dedbc28326306bc020cf4af4&_acct=C000067007&_version=1&_userid=5611402&md5=e0cd1ee98924cf8961ac7e38f0701072
http://www.sciencedirect.com/science?_ob=RedirectURL&_method=outwardLink&_partnerName=27983&_origin=article&_zone=art_page&_linkType=scopusAuthorDocuments&_targetURL=http%3A%2F%2Fwww.scopus.com%2Fscopus%2Finward%2Fauthor.url%3FpartnerID%3D10%26rel%3D3.0.0%26sortField%3Dcited%26sortOrder%3Dasc%26author%3DMundim%2C%2520Antonio%2520Vicente%26authorID%3D6603002826%26md5%3D13dd2d7f7e717b3791b37a790a376346&_acct=C000067007&_version=1&_userid=5611402&md5=008276e46f46ad9ff88765cdc1ff68ba
http://www.sciencedirect.com/science?_ob=RedirectURL&_method=outwardLink&_partnerName=27983&_origin=article&_zone=art_page&_linkType=scopusAuthorDocuments&_targetURL=http%3A%2F%2Fwww.scopus.com%2Fscopus%2Finward%2Fauthor.url%3FpartnerID%3D10%26rel%3D3.0.0%26sortField%3Dcited%26sortOrder%3Dasc%26author%3DO%25E2%2580%2599Dwyer%2C%2520Lucia%2520Helena%26authorID%3D8403320800%26md5%3Dc9e37d350e44e1a5bf996a753ef44007&_acct=C000067007&_version=1&_userid=5611402&md5=119c492bdaa3dc0ab1846248a529b971
http://www.sciencedirect.com/science?_ob=RedirectURL&_method=outwardLink&_partnerName=27983&_origin=article&_zone=art_page&_linkType=scopusAuthorDocuments&_targetURL=http%3A%2F%2Fwww.scopus.com%2Fscopus%2Finward%2Fauthor.url%3FpartnerID%3D10%26rel%3D3.0.0%26sortField%3Dcited%26sortOrder%3Dasc%26author%3DO%25E2%2580%2599Dwyer%2C%2520Lucia%2520Helena%26authorID%3D8403320800%26md5%3Dc9e37d350e44e1a5bf996a753ef44007&_acct=C000067007&_version=1&_userid=5611402&md5=119c492bdaa3dc0ab1846248a529b971
http://www.sciencedirect.com/science?_ob=RedirectURL&_method=outwardLink&_partnerName=27983&_origin=article&_zone=art_page&_linkType=scopusAuthorDocuments&_targetURL=http%3A%2F%2Fwww.scopus.com%2Fscopus%2Finward%2Fauthor.url%3FpartnerID%3D10%26rel%3D3.0.0%26sortField%3Dcited%26sortOrder%3Dasc%26author%3DO%25E2%2580%2599Dwyer%2C%2520Lucia%2520Helena%26authorID%3D8403320800%26md5%3Dc9e37d350e44e1a5bf996a753ef44007&_acct=C000067007&_version=1&_userid=5611402&md5=119c492bdaa3dc0ab1846248a529b971
http://www.sciencedirect.com/science?_ob=RedirectURL&_method=outwardLink&_partnerName=27983&_origin=article&_zone=art_page&_linkType=scopusAuthorDocuments&_targetURL=http%3A%2F%2Fwww.scopus.com%2Fscopus%2Finward%2Fauthor.url%3FpartnerID%3D10%26rel%3D3.0.0%26sortField%3Dcited%26sortOrder%3Dasc%26author%3DEyal%2C%2520Osnat%26authorID%3D6701522920%26md5%3D36fcd472a17da2fbe8306b756f13e420&_acct=C000067007&_version=1&_userid=5611402&md5=cd00203ebc0c3c394977a9dcdf53fa03
http://www.sciencedirect.com/science?_ob=RedirectURL&_method=outwardLink&_partnerName=27983&_origin=article&_zone=art_page&_linkType=scopusAuthorDocuments&_targetURL=http%3A%2F%2Fwww.scopus.com%2Fscopus%2Finward%2Fauthor.url%3FpartnerID%3D10%26rel%3D3.0.0%26sortField%3Dcited%26sortOrder%3Dasc%26author%3DTalmi-Frank%2C%2520Dalit%26authorID%3D6603975181%26md5%3D35a9ad902980cb507df37ff258193087&_acct=C000067007&_version=1&_userid=5611402&md5=93ea252a1bdf3aa2056a7851c29a9c17
http://www.sciencedirect.com/science?_ob=RedirectURL&_method=outwardLink&_partnerName=27983&_origin=article&_zone=art_page&_linkType=scopusAuthorDocuments&_targetURL=http%3A%2F%2Fwww.scopus.com%2Fscopus%2Finward%2Fauthor.url%3FpartnerID%3D10%26rel%3D3.0.0%26sortField%3Dcited%26sortOrder%3Dasc%26author%3DCury%2C%2520M%25C3%25A1rcia%2520Cristina%26authorID%3D12780238700%26md5%3D522a4b579a08b7386532324bfa943658&_acct=C000067007&_version=1&_userid=5611402&md5=199d3acf02ed167b46a68f37897dc65b

13.

14.

15.

16.

17.

18.

19.

20.

of Hepatozoon canis in Rhipicephalus (Boophilus) microplus collected from a naturally infected dog.
Vet. Parasitol., 177:392-396.

Macintire D. K., Vincent-Johnson Nancy A. CHAPTER 74 Hepatozoonosis in GREENE CE.
Infectious Diseases of the Dog and Cat, 3rd ed.Elsevier, St. Louis, Missouri, USA, 2006, 1387 pp.
ISBN 1-4160-3600-8,

Metzger, Betina, Dos Santos Paduan, Karina, Rubini, A. S., Gomes De Oliveira, T., Pereira, C.,
O’dwyer, Lucia Helena (2008) - The first report of Hepatozoon spp. (Apicomplexa: Hepatozoidae) in
neotropical felids from Brazil. Vet. Parasitol., 152: 28-33.

Mundim, A. V., Aparecida De Morais, |., Tavares, M., Cury, M. C., Mundim, M. J. S. (2008) - Clinical
and hematological signs associated with dogs naturally infected by Hepatozoon spp. and with other
hematozoa: A retrospective study in Uberlandia, Minas Gerais, Brazil. Vet. Parasitol., 153: 3-8.
Mylonakis, M. E., Leontides, L., Gonen, L., Billinis, C., Koutinas, A. F., Baneth, G. (2005) - Anti-
Hepatozoon canis serum antibodies and gamonts in naturally-occurring canine monocytic
ehrlichiosis. Vet. Parasitol., 129: 229-233.

O’dwyer, Lucia Helena, Massard, C. L., Pereira De Souza, J. C. (2001) - Hepatozoon canis infection
associated with dog ticks of rural areas of Rio de Janeiro State, Brazil. \et. Parasitol., 94:143-150.
Vincent-Johnson Nancy (2014) - Canine and Feline Hepatozoonosis, Chapter 77, in SYKES JANE
E., (2014), Canine and Feline Infectious Diseases, Pages 747—759.

Vojta, L., Mrljak, V., Curkovi¢, S., Ziviénjak, T., Marinculi¢, A., Beck, R. (2009) - Molecular
epizootiology of canine hepatozoonosis in Croatia. Int. J. for Parasitol., 39: 1129-1136.

Yabsley, M. J., Mckibben, J., Macpherson, C. N., Cattan, P. F., Cherry, N. A., Hegarty, B. C,,
Breitschwerdt, E. B., O’connor, T., Chandrashekar, R., Paterson, T., Perea, M. L., Ball, G., Friesen,
S., Goedde, J., Henderson, B., Sylvester, W. (2008) - Prevalence of Ehrlichia canis, Anaplasma
platys, Babesia canis vogeli, Hepatozoon canis, Bartonella vinsonii berkhoffii, and Rickettsia spp. in
dogs from Grenada. Vet. Parasitol., 151: 279-285.

405


http://www.sciencedirect.com/science/journal/03044017
http://www.sciencedirect.com/science?_ob=RedirectURL&_method=outwardLink&_partnerName=27983&_origin=article&_zone=art_page&_linkType=scopusAuthorDocuments&_targetURL=http%3A%2F%2Fwww.scopus.com%2Fscopus%2Finward%2Fauthor.url%3FpartnerID%3D10%26rel%3D3.0.0%26sortField%3Dcited%26sortOrder%3Dasc%26author%3DO%25E2%2580%2599Dwyer%2C%2520Lucia%2520Helena%26authorID%3D6701522920%26md5%3D153a4bce452cfe61a69e161fc4711f3e&_acct=C000067007&_version=1&_userid=5611402&md5=659b9098b5b756e209ce5e7becd16c1f
http://www.sciencedirect.com/science?_ob=RedirectURL&_method=outwardLink&_partnerName=27983&_origin=article&_zone=art_page&_linkType=scopusAuthorDocuments&_targetURL=http%3A%2F%2Fwww.scopus.com%2Fscopus%2Finward%2Fauthor.url%3FpartnerID%3D10%26rel%3D3.0.0%26sortField%3Dcited%26sortOrder%3Dasc%26author%3DMassard%2C%2520Carlos%2520Luiz%26authorID%3D6603193038%26md5%3Dcb03964c5a7ab061459730259a2bc569&_acct=C000067007&_version=1&_userid=5611402&md5=67a5352b1e4151ac4dd410ab39358db0
http://www.sciencedirect.com/science?_ob=RedirectURL&_method=outwardLink&_partnerName=27983&_origin=article&_zone=art_page&_linkType=scopusAuthorDocuments&_targetURL=http%3A%2F%2Fwww.scopus.com%2Fscopus%2Finward%2Fauthor.url%3FpartnerID%3D10%26rel%3D3.0.0%26sortField%3Dcited%26sortOrder%3Dasc%26author%3DPereira%2520de%2520Souza%2C%2520Jos%25C3%25A9%2520Carlos%26authorID%3D15738577400%26md5%3D3ec5dd566407a924d440a9bca8a79c00&_acct=C000067007&_version=1&_userid=5611402&md5=628216f21fe4db023749774b42515c19
http://www.sciencedirect.com/science/journal/03044017
http://www.sciencedirect.com/science/journal/00207519

