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			Abstract | Canine babesiosis is a tick borne hemolytic disease caused by intra-erythrocytic protozoan belonging to genus Babesia, comprising two main species B. canis and B. gibsoni.Present study estimated the prevalence of canine babesiosis in dog population located in and around Bengaluru city of Karnataka state. Prevalence was estimated on the basis of history, clinical signs and detectionof the organisms in the blood of infected dogs. Dogs (>70.0%) exhibited clinical symptoms of high fever (104°F), anemia, lethargy, history of tick infestation, congested/pale/icteric mucous membranes, hematuria and epistaxis.A total of 102 blood samples from dogs suspected for canine babesiosis were collected from different breeds, gender and age group of animals and presented to Veterinary College Hospital, Hebbal, Bengaluru. Of 102 samples screened, 40 (39.2%) and 66 (64.7%) were positive by blood microscopy and PCR, respectively. Overall prevalence of canine babesiosis was 31(30.3%)and 50(49.0%) for B. canis and B. gibsoni, respectively. Mixed infections both with B. canis and B. gibsoni were detected in 25 (24.50 %) samples. Higher incidence of canine babesiosis was seen in the age group above 1-2 years (23%), breed-wise in Labrador Retrievers (26.0%) and gender-wise in male dogs (57.5%). Prevalence of canine babesiosis was moderately high in dogs. Adoption of combination of blood microscopy as screening test and PCR as confirmatory test,as a strategy for diagnosis of canine babesiosis in dogs is recommended. 
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			INTRODUCTION 

			 

			Amongst the various prevalent canine vector-borne diseases, canine babesiosis is a clinically significant disease caused by intra-erythrocytic protozoa belonging to genus Babesia, which has beenreported worldwide including India (Patton, 1910; Kjemtrup and Conrad, 2006). Babesia canis (large 3.0–5.0 μm) and B. gibsoni (small 1.5–2.5 μm) are recognized as two species which causes canine babesiosis worldwide (Jefferies et al., 2003). Babesia infection is transmitted by ticks Dermacentor reticulatus, Rhipicephalus sanguineus, Haemaphysalis leachi. The tick vector is usually specific to each species of Babesia. The occurrence of Babesia spp. in dogs and their geographical distribution are related to the distribution of their vector species (Solano-Gallego and Baneth, 2011). Transmission can also occur from dog to dog through bite (Jefferies et al., 2007) and transplacental transmission (Fukumoto et al., 2005).

			 

			Clinically canine babesiosis has been found to result in a wide range of presentations from sub clinical to serious illness characterised by fever, depression, pallor, jaundice, lymphadenopathy, splenomegaly, weakness and collapse associated with intravascular and extravascular haemolysis, hypoxic injury, systemic inflammation, thrombocytopenia. After initial acute infection, the animal may become a chronic carrier (Irwin, 2009).

			 

			Currently definite diagnosis of canine babesiosis is based on haematological, biochemical results and demonstration of the parasite by light microscopy. Various serological methods such as complement fixation test (CFT), immunofluorescent antibody test and enzyme linked immunosorbent assay (ELISA) were used. But the  polymerase chain reaction (PCR)  assay present a higher sensitivity and specificity than the blood smear evaluation and may differentiate species that may not be morphologically distinguished by smear method (Boozer and Macintire, 2003). Information does not exist on the prevalence of canine babesiosis in dogs in and around Bengaluru.Hence present study was undertaken to estimate the prevalence of canine babesiosis  in dogs  based on age, breed and gender in and around Bengaluru.

			 

			MATERIALS AND METHODS

			 

			Collection of Samples and Tests

			A total of 102  blood samples  were collected from dogs with clinical signs of high fever of 104°F, inappetance, anemia, lethargy, history of tick infestation, congested/pale/icteric mucous membranes, lymphadenopathy, hematuria and epistaxis  from different breeds,  gender and  age  group of  1 - 11 years, which were presented to Veterinary College Hospital, Hebbal, Bengaluru. Blood samples were collected in vacutainer containing EDTA as anticoagulant and stored at 4°C at ICAR-NAE laboratory at Veterinary college, Hebbal, Bengaluru for further processing. Blood samples were screened by Giemsa staining and PCR

			 

			Blood Smear Examination

			A drop of well mixed fresh blood sample was used to prepare blood smear and  stained with Giemsa stain and examined under microscope for the presence of intra-erythrocytic babesia organisms. B.canis and B.gibsoni were differentiated based on their size (large or small) and appearance inside the erythrocytes (Soulsby, 1982).

			 

			Polymerase Chain Reaction

			DNA was extracted from all the blood sample using QIA amp DNA blood mini kit (QIAGEN, GmbH, Germany) as per manufacturer’s instruction. DNA samples were amplified  using B.canis and B.gibsoni species specific primers  published by (Foldvari et al., 2005; Inokuma et al., 2004) respectively with slight modifications (Table 1). The specific amplicon size 450 bp (B. canis)  and 671 bp (B. gibsoni) was analyzed by 1.0 % agarose ethidium bromide gel electrophoresis.

			 

			RESULTS

			 

			Of 102 samples screened,40 (39.21 %) and 66 (64.70 %) were positive by blood microscopy and PCR respectively (Table 2). Out of 40 blood microscopy positive samples 8 (7.84 %) and 32 (31.37 %) were positive for B. canisand B. gibsoni respectively (Figure 1 and 2). Out of 66 PCR positive samples, 23 (22.55 %) and 18 (17.65 %) were positive for B. canis and B. gibsoni respectively and 25 (24.50 %) samples were positive for both B. canis and B. gibsoni. (Figure 3 and 4)

			 

			Characteristic clinical features observed among 66 positive clinical cases were fever/pyrexia (77.5%), Anorexia (76%), history of ticks presence (73%), Lymphadenopathy (68%), Depression and lethargy (53%), Pale mucous membrane (45.5%), Loss of body weight (39.5%), Congested mucous membrane (38%), Respiratory distress (30%), Weakness (18%), Ocular discharge (18%), Nasal discharge (16.5%), Lameness (15%), Vomiting (13.5%), Diarrhea (7.5%), icteric mucous membrane (7.5%), Haematuria (6%) and Epistaxis (3%). In addition to the above signs splenomegaly (10.5%) and hepatomegaly (9%) were recorded based on abdominal ultrasonography. Neurological signs such as circling, trembling were recorded in 1.5% of cases.

			 

			In the present study out of 66 positive cases, higher incidence of canine babesiosis was seen in the age group of   >1 – 2 years (23%) and lesser was in >8 - 10 years dogs (3%). The order of susceptibility observed was, > 1 – 2 years (23.0%), > 3 – 4 years (20%),  > 2 – 3  years (15.0%), > 4 – 5 years (9.0%), > 6–12  months (7.5%), > 7 – 8 years (7.5%), 0 – 6 months (6.0%), > 6 – 7 years (3%),  >8 – 9 years (3.0%), > 9 – 10 years (3.0%), > 5 – 6 years (1.5%) and > 10 – 11 years (1.5%). In Gender wise incidence, 38 (57.5%) were male dogs and 28 (42.5%) were female which indicated that male dogs had higher incidence than female.

			 

			The breed-wise incidence was higher in Labrador Retrievers (26%) compared to other breeds. The order of susceptibility was, German shepherd (17%), Cocker Spaniel (10.5%), Non-descriptive (9.0%), Golden Retriever (7.5%), Pug (7.5%), Rottweiler (4.5%), Dalmatian (3%), Great dane (3%), Siberian huskey (1.5%), Spitz (1.5%), Mudhol hound (1.5%), Irish setter (1.5%), Boxer (1.5%), Saint Bernard (1.5%), Pit bull terrier (1.5%) and Toy fox terrier (1.5%).
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			Figure 1: Giemsa stained blood smear showing B.canis (arrow) organism
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			Figure 2: Giemsa stained blood smear showing B.gibsoni (arrow) organism

			 

			DISCUSSION 

			 

			Giemsa stained blood smear examination findings in the present study corroborates with the results of (Laha et al., 2013; Das et al., 2015). However higher percentage of incidence has been reported by (Porchet et al., 2007; Senthil Kumar et al., 2009; Bhattacharjee et al., 2013). These variations in the occurrence of canine babesiosis could be attributed to prevalence of tick population, season, immune status of the host and other managemental practices. 

			 

			In the present study PCR detected more number  of samp-
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			Figure 3: Electrophoresis gel (1.0 % agarose), showing lanes L1-100 bp DNA marker, L2- Positive control, L3- Negative control, L4- No template control, L5 to L10- Test samples showing positive PCR product of B.canis (450 bp), L11 to L13- Negative test samples.
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			Figure 4: Electrophoresis gel (1.0 % agarose, stained with ethidiumbromide), showing lanes L1-100 bp DNA marker, L2- Positive control, L3- Negative control, L4- No template control,L5, L6, L8 & L10- Test samples showing positive PCR product of B.gibsoni (671 bp), L7 & L9- Negative test samples.

			 

			les as compared to blood smear examination indicating higher sensitivity and specificity of PCR which corroborates with the findings of (Macintire et al., 2002; Porchet et al., 2007; Laha et al., 2013).The clinical findings observed in the present study were similar to the observations made earlier by (Levine, 1973; Lobetti, 1998; Irwin, 2005; Loretti and Barros, 2005; Mathe et al, 2005).

			 

			In the present study, higher incidence of canine babesiosis was found in the age group of >1– 2 years (23%) which correlates with the findings of (Singh et al., 2012; Amritpal Singh et al., 2014; Parveen kumar et al., 2015), which could be due to the underdeveloped immune system. 

			Table 1: Species specific primers used for the diagnosis of B.canis and B.gibsoni using PCR
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							PIRO-A1

							PIRO-B      

						
							
							F5’ AGGGAGCCTGAGAGACGGCTACC 3’

							R5’ TTAAATACGAATGCCCCCAAC 3’     

						
							
							B.canis

						
							
							450 bp

						
							
							Foldvari et al. (2005)

						
					

					
							
							Gib599

							Gib 1270   

						
							
							F5’ CTCGGCTACTTGCCTTGTC 3’R5’GCCGAAACTGAAATAACGGC 3’     

						
							
							B.gibsoni

						
							
							671 bp

						
							
							Inokuma et al. (2004)

						
					

				
			

			

			 

			Table 2: Screening of dogs for Canine babesiosis by blood smear examination and PCR

			
				
					
					
					
					
				
				
					
							Diagnostic tests
							
							Samplesscreened (n)

						
							Positives
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							a.  Microscopy ( Blood smear)

						
							
							102

						
							
							40

						
							
							39.21

						
					

					
							
							b.  PCR

						
							
							102

						
							
							66

						
							
							64.70

						
					

					
							
							Total

						
							
							204

						
							
							106

						
							51.96
					

				
			

			

			 

			in young dogs as compared to adults. Many authors reported babesiosis in different age group of dogs. Therefore it can be opined that the age is not the criteria for babesia infection and depends on the transmitting vector and the immune status of the host.

			 

			In the present study male dogs (57.5%) were most commonly affected than females, which is in agreement with the findings of (Ilie et al., 2010; Nalubamba et al., 2015). However (Sandor Hornok et al., 2006; Senthil Kumar et al., 2009; Amuta et al., 2010; Amritpal Singh et al., 2014) have opined that breed of the host was not significantly associated with the incidence of babesiosis.

			 

			CONCLUSION 

			 

			Overall prevalence of canine babesiosis was 51.9% both by blood smear examination and PCR. B. canis and B. gibsoni were detected in 30.3% and 49.0% dogs, respectively. Mixed infections with both B. canis and B. gibsoni were detected in 24.5% dogs. Prevalence of Canine babesiosis was ‘moderately high’ in dogs in and around Bengaluru. Higher prevalence may be attributed to the increased population of tick vectors and lower immune status of the host.Hence, proper control measures for ecto-parasite should be followed in dogs. Utility of multiple diagnostic tests is suggested for confirmatory detection and epidemiological diseases investigations of canine babesiosis in dogs.

			 

			Conflict of interest

			 

			We declare that we have no conflict of interest.

			 

			Acknowledgements

			 

			Authors are thankful to Indian Council of Agricultural Research (ICAR) and Karnataka Veterinary Animal and Fisheries Sciences University (KVAFSU), for provision of  funding and facilities through ICAR -Niche Area of Excellence project ‘Animal Disease Registry and Tissue Bank’, Department of Veterinary Pathology, Veterinary College, Hebbal, Bengaluru.

			 

			AUTHOR’S CONTRIBUTION

			 

			All authors contributed equally.

			 

			REFERENCES 

			 

			
					•	Amritpal S, Harkirat S, Singh NK, Singh ND, Rath SS, (2014). Canine Babesiosis in Northwestern India: Molecular Detection and Assessment of Risk Factors. Bio. Med. Res. Int. Volume 2014. 

					•	Amuta BO, Atu RS, Houmsou, Ayashar JG, (2010).  Rhipicephalus sanguineus infestation and Babesia canis infection among domestic dogs in Makurdi, Benue.  State-Nigeria, Int. J. Aca. Res. 2(3): 170– 172.

					•	Bhattacharjee K, Sarmah PC, (2013). Prevalence of haemoparasites in pet, working and stray dogs of Assam and North-East India: A hospital based study. Vet. World. 6(11): 874-878. https://doi.org/10.14202/vetworld.2013.874-878

					•	Boozer AL, Macintire DK, (2003). Canine babesiosis. Vet. Clin. N. Am. Small Anim. Pract. 33: 885–904. https://doi.org/10.1016/S0195-5616(03)00039-1

					•	Das MK, Baidya S, Mahato A, Pandit S, Ghosh JD, Chadhuri S, Das M, (2015). Incidence of canine babesiosis in and Around Kolkata, West Bengal, India. Explor. Anim. Med. Res. 5(1): 102-107.

					•	Foldvari G, Hell E, Farkas R, (2005). Babesia canis canis in dogs from Hungary: detection by PCR and sequencing. Vet. Parasitol. 127: 221–226. https://doi.org/10.1016/j.vetpar.2004.10.016

					•	Fukumoto S, Hiroshi S, Igarashi I, Xuan X, (2005). Fatal experimental transplacental Babesia gibsoni infections in dogs. Int. J. Parasitol. 35: 1031- 1035. https://doi.org/10.1016/j.ijpara.2005.03.018

					•	IlieMS, Darabuş GH, Imre, Mirela, Imre K, Hotea, Ionela, Sorescu ID, (2010). Survey of canine babesiosis in Banat area. In: Bulletin UASVM - CN, Vet. Med. 67: 125-130.

					•	Inokuma H, Yoshizaki Y, Matsumoto K, Okuda M, Onishi T, Nakagome K, Kosugi R, Hirakawa M, (2004). Molecular survey of Babesia infection in dogs in Okinawa, Japan. Vet. Parasitol. 121: 341–346. https://doi.org/10.1016/j.vetpar.2004.03.012

					•	Irwin PJ, (2005). Babesiosis and cytauxzoonosis. In: Arthropod borne infectious diseases of the dog and cat, Shaw, S,E. and M, J. Day (Eds.), Manson publishing, Barcelona: 63-67. https://doi.org/10.1201/b15174-7

					•	Irwin PJ, (2009). Canine babesiosis: from molecular taxonomy to control. Parasit. Vectors 2(1): S4. https://doi.org/10.1186/1756-3305-2-S1-S4

					•	Jefferies R, Ryan UM, Irwin PJ, (2007). PCR-RFLP for the detection and differentiation of the canine piroplasm species and its use with filter paper-based technologies. Vet. Parasitol.144: 20–27. https://doi.org/10.1016/j.vetpar.2006.09.022

					•	Jefferies R, Ryan UM, Muhlnickel CJ, Irwin PJ, (2003). Two species of canine Babesia in Australia: Detection and characterization by PCR. J. Parasitol. 89: 409-412. https://doi.org/10.1645/0022-3395(2003)089[0409:TSOCBI]2.0.CO;2

					•	Kjemtrup AM, Conrad PA, (2006). A review of the small canine piroplasms from California: Babesia conradae in the literature. Vet. Parasitol. 138: 112–117. https://doi.org/10.1016/j.vetpar.2006.01.045

					•	Laha R, Bhattacharjee K, Sarmah PC, (2013).  Babesia infection in naturally exposed pet dogs from a north-eastern state (Assam) of India: detection by microscopy and polymerase chain reaction. J. Parasit. Dis. 38(4): 389-393. https://doi.org/10.1007/s12639-013-0261-1

					•	Levine ND, (1973). Protozoan Parasites of Domestic Animals and Man. Burgess Publishing Company, Minneapolis, MN, 406.

					•	Lobetti RG, (1998). Canine Babesiosis. Compendium on Continuing Education for the Practicing Veterinarian. 20: 418-431.

					•	Loretti AP, Barros SS, (2005). Hemorrhagic disease in dogs infected with an unclassified intraendothelial prioplasm in southern Brazil. 134: 193-213.

					•	Macintire DK, Boudreaux MK, West GD, Bourne EC, Wright JC, Conrad PA, (2002). Babesia gibsoni infection among dogs in the south eastern United States. J. Am. Vet. Med. Assoc. 220: 325-329. https://doi.org/10.2460/javma.2002.220.325

					•	Mathe A, Voros K, Papp L, Reiczigel J, (2005). Clinical manifestations of canine babesiosis in Hungary (63 cases). Acta. Vet. Hung. 54(3): 367–385. https://doi.org/10.1556/AVet.54.2006.3.7

					•	Nalubambaking S, Ntombi B, Mwakamwangala N, Chilufya S, Eugene CB, Ethelm K, Ngonda S, Careen H, Elizabeth O, Martin S, (2015).  A Study of naturally acquired canine babesiosis caused by single and mixed Babesia species in Zambia: Clinicopathological findings and case management. J. Parasit. Res. Volume 2015.

					•	Parveen Kumar A, Vipan kumar B, Hei gopal C, Hanish S, Wadhawane VM, (2015). Prevalence of Canine Babesiosis in and around Jalandhar (Punjab), India. Veterinary Clinical Science., 3 (1): 01-03.

					•	Patton WS, (1910). Preliminary report on a new piroplasm (Piroplasma gibsoni sp. Nov.) found in the blood of the hounds of Madras Hunt and subsequently discovered in the blood of the jackel Canis aureus. Bull. Soc. Pathol. Exo .3: 274-280.

					•	Porchet MJ, Sager H, Muggli L, Oppliger A, Muller N, Frey C, Gottstein B, (2007). A descriptive epidemiological study of canine babesiosis in the Lake Geneva region. Schweiz. Arch. Tierheilkd. 149: 457–465. https://doi.org/10.1024/0036-7281.149.10.457

					•	Sandorhornok, Edelhofer R, Farkas R, (2006). Seroprevalence of canine babesiosis in Hungary suggesting breed predisposition. Parasitol. Res. 99: 638–642. https://doi.org/10.1007/s00436-006-0218-8

					•	Senthil kumar K, Vairamuthu S, Kathiresanl D, (2009). Prevalence of Haemoprotozoans in canines in Chennai City, Tamilnadu. J. Vet. Anim. Sci. 5: 104-108.

					•	Singh H, Haque M, Jyoti, Singh NK, Rath SS, (2012). Occurrence of parasitic infections in dogs in and around Ludhiana, Punjab (India). Appl. Biol. Res. 14: 108-110.

					•	Solano-Gallego L, Baneth G, (2011). Babesiosis in dogs and cats-Expanding parasitological and clinical spectra.  J. Vet. Parasitol. 181: 48-60. https://doi.org/10.1016/j.vetpar.2011.04.023

					•	Soulsby EJL, (1982). Helminths, Arthropods and Protozoa of domesticated animals, 7th edn.

			

			 

			 

		

	OEBPS/image/1479879409_Figure_2_fmt.jpeg





OEBPS/image/1479879399_Figure_1_fmt.jpeg





OEBPS/image/1479879417_Figure_3_fmt.png
U 2 1B WU IL5IL LT I8 U U U2 u us

- - - s s <— 50D





OEBPS/image/1479879435_Figure_4_fmt.jpeg





OEBPS/image/808.png
OPEN a ACCESS Advances in Animal and Veterinary Sciences

Research Article @ CrossMark

Prevalence of Canine Babesiosis in Different Breeds of Dogs in and

Around Bengaluru

MonaN Kumar CHILLAHALLL MAHALINGAIAH!, MURALIDHARA ASOOR?, RaAMESH PooOjaRT
TuiMMAaIAH!, HOGALAGERE DODDAPPAIAH NARAYANASWAMY’, SHIVALINGAPPA YAMANAPPA
MUKARTALY, ANURADHA MENON E1ATTUVALAPPIL’, NISHANTH CHIKKAHONNAIAH®, SAURABH
GuPTA’, SHOORVIR SINGH’

IDepmtment of Veterinary Medicine, Veterinary College, Hebbal, Karnataka Veterinary Animal and Fisheries
Sciences University(KVAFSU), Bengaluru-560024 ; ZDﬂparmmnt of TVCC, Veterinary College, Hebbal, Karna-
taka Veterinary Animal and Fisheries Sciences University(KVAFSU), Bengaluru-24; *Department of Pathology,
Veterinary College, Hebbal, Karnataka Veterinary Animal and Fisheries Sciences University(KVAFSU), Bengalu-
ru-560024;*Department of Veterinary Microbiology, Veterinary College, Hebbal, Karnataka Veterinary Animal and
Fisheries Sciences University(KVAFSU), Bengaluru-560024 ; ’ICAR NAE project, Veterinary College, Karnataka
Veterinary Animal and Fisheries Sciences University(KVAFSU), Bengaluru-560024; ‘Department of Veterinary
public health and epidemiology, Veterinary College, Hebbal, Karnataka Veterinary Animal and Fisheries Sciences
University (KVAFSU), Bengaluru-560024. 7Mifra/)iology Laboratory, Animal Health Division, Central Institute
Jfor Research on Goats, Makhdoom, PO - Farah, Mathura, 281122, Uttar Pradesh.

Abstract | Canine babesiosis is a tick borne hemolytic disease caused by intra-erythrocytic protozoan belonging to
genus Babesia, comprising two main species B. canis and B. gibsoni.Present study estimated the prevalence of canine
babesiosis in dog population located in and around Bengaluru city of Karnataka state. Prevalence was estimated
on the basis of history, clinical signs and detectionof the organisms in the blood of infected dogs. Dogs (>70.0%)
exhibited clinical symptoms of high fever (104°F), anemia, lethargy, history of tick infestation, congested/pale/icteric
mucous membranes, hematuria and epistaxis. A total of 102 blood samples from dogs suspected for canine babesiosis
were collected from different breeds, gender and age group of animals and presented to Veterinary College Hospital,
Hebbal, Bengaluru. Of 102 samples screened, 40 (39.2%) and 66 (64.7%) were positive by blood microscopy and
PCR, respectively. Overall prevalence of canine babesiosis was 31(30.3%)and 50(49.0%) for B. canis and B. gibsoni,
respectively. Mixed infections both with B. canisand B. gibsoni were detected in 25 (24.50 %) samples. Higher incidence
of canine babesiosis was seen in the age group above 1-2 years (23%), breed-wise in Labrador Retrievers (26.0%)
and gender-wise in male dogs (57.5%). Prevalence of canine babesiosis was moderately high in dogs. Adoption of
combination of blood microscopy as screening test and PCR as confirmatory test,as a strategy for diagnosis of canine
babesiosis in dogs is recommended.

Keywords | B. canis, B. gibsoni, PCR, Blood microscopy, Canine babesiosis.

Editor | Kuldeep Dhama, Indian Veterinary Research Institute, Uttar Pradesh, India.

Received | December 11,2016; Accepted | January 26,2017; Published | March 20,2017

*Correspondence | Shoorvir Singh, Microbiology Laboratory, Animal Health Division, Central Institute for Research on Goats, Makhdoom, PO - Farah, Ma-
thura, 281122, Uttar Pradesh; Email: shoorvir.singh@gmail.com

Citation | Mahalingaiah MKC, Asoor M, Thimmaiah RP, Narayanaswamy HD, Mukartal SY, Elattuvalappil AM, Chikkahonnaiah N, Gupta S , Singh S (2017).
Prevalence of canine babesiosis in different breeds of dogs in and around bengaluru. Adv. Anim. Vet. Sci. 5(3): 140-144.

DOI | http://dx.doi.org/10.14737/journal.aavs/2017/5.3.140.144

ISSN (Online) | 2307-8316; ISSN (Print) | 2309-3331

Copyright © 2017 Mahalingaiah et al. This is an open access article distributed under the Creative Commons Attribution License, which permits unrestricted
use, distribution, and reproduction in any medium, provided the original work is properly cited.

INTRODUCTION disease caused by intra-erythrocytic protozoa belonging
to genus Babesia, which has beenreported worldwide in-

mongst the various prevalent canine vector-borne cluding India (Patton, 1910; Kjemtrup and Conrad, 2006).
diseases, canine babesiosis is a clinically significant Babesia canis (large 3.0-5.0 pm) and B. gibsoni (small 1.5~

March 2017 | Volume 5 | Issue 3 | Page 140 Lo






