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A study on prevalence, molecular identification @hdracterization of
blood and tissue protozoa of domestic ruminanthittagong,
Bangladesh

Summary

Blood and tissue parasites infect both the small &arge ruminants causing
significant economic losses all over the world unthg Bangladesh. The actual
extent of these parasitic diseases and their epudiegic features is not yet
comprehensively studied in Bangladesh. Accuratetifieation and characterization
are essential for any epidemiologic investigatigvith the availability of modern
DNA based tools and resources, the capacity farrate and reliable detection of any
disease agents are now possible which was notadl@ibefore. The present study
was therefore designed to investigate the prevalefalowed by molecular
identification of selected hemoparasitBaljesia, Anaplasma, Trypanosgnoé cattle

in different geographic areas of the country. Idiadn, an attempt was made towards
the molecular characterization of tissue protoz¢&oxoplasma gondiiin small
ruminants in the Chittagong Metropolitan area ledah southern part of Bangladesh.
Further analyses of the associated risk factoreve¢éso done to help to develop
necessary prevention and control options agaiesetimportant protozoa.

Blood samples collected from cattle were presernvedhe laboratory for further
examination with conventional microscopy and modaaiecular tools like PCR and
DNA sequencing. Sample size varied among diffemotozoa species and initial
screening was aided by Giemsa stained thin smeamieations. A variable numbers
of samples were assessed to detect hemoprotozhalimg Anaplasma(n=1680),
Babesia (n=1680) andTrypanosoma(n=480) where 8.21%, 1.43% and 0.63%
prevalence was recorded respectively from diffestundy areas inside Bangladesh.

Bovine anaplasmosis was found as an important tteiké disease with limited
reports related to its prevalence inside Banglad€simparative prevalence of this
hemoparasitewas recorded as 9.33% in the hillysar@®0% in coastal areas and
5.83% in plain lands inside the country. Furtheralgses indicated a higher
prevalence (P>0.05) in crossbred cattle comparetbdal or indigenous breeds.
Variations in seasonal incidence were also obsemtthigh case numbers recorded
in winter season of the year. Age of the animals waso found an important
epidemiologic factor where animals aged 18-30 n®miere more vulnerable to
anaplasmosis than other age groups. Housing amt figpes also found to be
associated with variable prevalence and animaisdiin non-cemented or soil-type
floors were more prone to suffer from anaplasmoBislecular characterization
through PCR amplification dfi6S rRNAgene was achieved where an 80% cases (40
out of 50 samples) were found positive fér marginale infections. Further
amplification ofMSP4gene fragments successfully identified all forsitive cases
in 16S rRNAscreening. Further DNA sequencing and phylogersttidies revealed
that all the isolates of this present study wersely related to the isolates already
reported from countries like Argentina, AustraliaaChina.

Bovine babesiosis is an economic important protoatiaease with sporadic reports
on its prevalence and incidence in Bangladesh. iguthis study, prevalence of
babesiosis was found as 1.17%, 1.67% and 1.46%eirs¢lected hilly, coastal and

XVii



plain areas respectively in the study areas. Fudat analysis showed crossbred and
female animals more vulnerable than local or indayes cattle and their male
counterparts. High number of babesiosis was redardeummer season compared to
other time of the year. Animals aged 6-18 montheewmore susceptible to babesiosis
than other age groups. Molecular identification tbé organism were achieved
through PCR amplification 0L8SrRNAgene fragments where all positive cases
(n=24) screened by conventional microscopy wereessfully amplified. Further
DNA sequencing and phylogenetic analysis revealed two distinct isolates of
BabesiaBabesia bigeminandBabesia ovatavere present in the country.

Trypanosomiasis is one of the least studied blomcsgites of cattle in Bangladesh
and thought to be distributed in different partsevehrelevant vectors are available.
During this study out of 480 blood samples, onkgéhwere found positive in a single
dairy farm located in Chittagong Metropolitan ar@d.positive cases were recorded
in female and Holstein Frisian crossbred cattle andne farm where previous
incidence and disease record was not availabletiiteeof the year when these cases
were found was in rainy season and all the aniwal®e aged 6 years or more and
none of the younger animals were found positive.ledaar identification was
achieved through PCR amplification BBSrRNAgene fragment following previously
published protocols. Sequencing of amplified DNAl darther phylogenetic analysis
revealed thaffrypanosoma evansiere circulating in Bangladesh which is closely
related to the isolates reported from countries Tiliwan, Thailand and Japan.

Toxoplasmosis is an important zoonotic tissue @wdn disease of small ruminants
in Bangladesh and has been documented by a nurhpablications. Several studies
reported variable prevalence rate of toxoplasmiwsdifferent parts of the country.
The present study revealed an overall prevalentexoplasmosis in sheep and goats
as 30.43% and 41.30% respectively. Further stedistinalysis of the data indicated
that animals aged two years or more were highlgsm®sitive toToxoplasma gondii
History of abortion and sources of drinking wateere/ found to be significantly
associated with toxoplasmosis. Animals with presibistory of abortion were highly
seropositive compared to the other groups. Higloperalence was recorded in
farms where ponds and municipality supply water @sed as water sources for
animals.

Apart from serodiagnosis, acute and chronic cadetoxoplasmosis are always
troublesome to detect hindering their preventiom aontrol efforts. Combined
histopathological and molecular approaches werdiegppuring this study to detect
the Toxoplasma gondirom several aborted tissues of sheep and goatsalence of
T. gondiiwas detected as high as 25% in sheep (n=4) aBd%6(n=19) in goats. All
the positive cases were detected in animals thattexd at 3.5 months of gestation.
Further sequencing of amplified DNA and phylogemetnalysis of the sequences
confirms the presence @f gondiiin a single cluster with minimum genetic variagon
among the four isolates which are closely relatedthe isolates recorded from
countries like India and Iran.
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Chapter-1
General introduction

1.1Livestock sector in Bangladesh perspective

Bangladesh is a subtropical, agro based developmumtry covering an area of
55,125 square miles and located between 20°34-R6888 88°01-92°41E. Livestock
IS an emerging subsector of agriculture that playgital role in the economy of
Bangladesh. The agricultural livestock specieshef ¢ountry mainly include cattle,
buffalo, sheep and goats while other species hags kconomic significance.
Livestock population in Bangladesh was recordedadite 23.17 million, buffalo 1.42
million, goats 24.75 million, sheep 3.02 milliondpartment of Livestock Services,
Government of Bangladesh, 2012). While the numlibgropulation is thought to be
increasing over the years, notable that their esdnignificance is also rising as
well. These are mainly because of its role as arceowf food, in generating
employment, delivery of alternate energy sourcesidd biogas), bio fertilizer, weed
control, use of marginal lands, investment andrggssiand transport etc. (Sansoucy,
1995). In the fiscal year 2014-15 the livestockiseccontribute approximate 2.07%
in the national GDP of Bangladesh and in agriceltsector it was 16.95% (BBS,
2016). Moreover, the sector also plays a crucidé nm poverty reduction in
Bangladesh where around 75 percent rural peopl@iegetly or indirectly engaged
on livestock for their livelihood. This subsectof agriculture pursues fulltime
employment for 20% of total population and partdiemployment for another 50%
population (Rahman et al.,, 2014a). Generally peofuilill their nutritional
requirement from the animal originated food at lowst. It was reported that this
sector supply average 8% of total protein for hunsansumption and 42.5% of
animal protein in the form of milk, meat and egd3@& 2006). Moreover, hides and
skin of cattle, buffaloes, goats and sheep areadduexport items, ranked third in
earnings after readymade garments (RMG) and shanmgp ultimately helping to
fulfill the vision 2021, which is a national devplment agenda of current

Government of Bangladesh.



1.2 Cattle are the largest population of ruminants in Bangladesh

Cattle, the largest group of ruminants in the coudb provides the necessary draft
power for ploughing and transportation in rural tpaof Bangladesh. Most
importantly, they provide the milk and meat tha dch in nutrient and essential for
maintenance of human health. Cow dung is used pertamt source of nutrient for
soil fertility maintenance by rural farmers. Driedw dung is used as a fuel in some
areas for cooking. The recent estimate of 25%ftaill tyearly production of cow dung
used as household fuel indicate how crucial theyfar providing energy to rural
people (Department of Livestock Services, GoverrtnoéBangladesh, 2000). Cattle
hides, skin and bone are used as a raw materiaidinstry that is earning huge
revenue by exporting the leather and leather prsduRairying is also creating
employment opportunity for many people in BanglédeSeveral giant agro-based
farms such as PRAN, BRAC and Aftab running theieragions on livestock sector
which directly help in the developing different mess options and nutrient supply to

the huge and ever-growing population of Bangladesh.
1.3Sheep and goat, the small ruminants of Bangladesh

Goats and sheep provide a wide range of producissacio-economic services and
have played a significant role in the social lifentany people (Peacock, 1996). They
play a vital role in ensuring the economic gain &owhl security of a household, often
being the only asset owned by many poor familidgeyTare prolific and require low

inputs for a moderate level of production, reachumty early and are profitable to

keep (Devendra and Burns, 1983). Farmers and eiifagre increasingly relying on

goats and sheep as means of survival and a wagastibg their income (Peacock,

2005).

1.4 Significance of blood parasites of ruminants

While a cattle farming plays a significant role fiaral economy of Bangladesh,
several factors directly and indirectly hinder grewth of livestock sector. Among
them vector-borne blood parasitic diseases ardyhghcial. These include diseases
which are visible through light microscopy and ré@ma&n blood circulation to
complete their life cycle (Demessie and Derso, 20Most of the blood parasitic

diseases are caused by protozoa and rickettsiaranmansmitted by various vectors.



The diseases are most prevalent in endemic arehsaarse devastating and deadly
diseases in the developing countries all over tleldvincluding Bangladesh. The
diseases are transmitted through the respectiveorgeincluding ticks, flies and
mosquitoes species which are very common in fareasar The diseases cause
devastating losses to the livestock industry inftlien of death, decreased production,
declined working efficiency (Uilenberg, 1995). Irddition these are not only
considered as a serious economic challenge butiasive in zoonoses in many

countries of the world (Sparagano, 1999).

Anaplasmosis is an arthropod-borne rickettsial atiseof cattle, sheep and goats and
has a wide distribution. The disease in cattleaissed byAnaplasma marginaleand

A. centrale Infection caused byA. marginaleis characterized by fever, severe
anemia, jaundice, weakness, decreased productieightvloss, abortion, hyper-
excitability due to cerebral anoxia and death (Ryctand Palmer, 1990) while
infection with A. centraleinduces subclinical to mild disease. Anaplasmasises
important economic constraints to animal breedgesides the costs of the additional
veterinary care, it causes abortion in animalsucgdn of milk production, body
weight and frequently leads to death (Stuen et28l03). The actual economic cost
associated with anaplasmosis in Bangladesh hasyetoreported by any study.
However, one would assume substantial loss in soralarge scale dairy farming

considering the calculated loss in other counwiaste world.

Bovine babesiosis is a tick borne blood parasitseakse caused by a number of
BabesiaspeciesB. bigeminaB. divergensB. bovis andB. major Among thempB.
bigeminaand B. bovishave major impacts on cattle health and prodifgtivm
tropical and subtropical countries (Iseki et alQ1@). Infections in cattle are
characterized by fever, anorexia, listlessnessydtation and progressive anemia,
and may be followed by hemoglobinuria and hemogietiia resulting in jaundice
(Zintl et al., 2005). Babesiosis in cattle causgeneconomic loss through mortality,
loss of production, and cost of control measures@lwith possible impact on the

international cattle trade embargo (Bock et alQ40

The trypanosomiasis is a devastating diseases a¢dmgethe salivarian group of
trypanosome parasite. There are several speciggpEfnosomes in livestock which

includesTrypanosoma brucell. vivax T. congolensel. evansandT. theileri(Garcia



et al., 2011a; Nantulya, 1990; Sekoni et al., 20®dylsby, 1982). General signs are
intermittent fever, pale mucous membrane, emadciatienlarged lymphnode,
occasional diarrhoea and a heavy mortality rat&dSieet al., 1988). However, the
mortality and morbidity depends on the breed, imenstatus, flies prevalence and age
of animals (OIE, 2003). The disease has great esmnomportance in the livestock
industry due to high mortality and severe productiosses in cattle with chronic

trypanosomiasis.
1.5Diagnosis of blood parasitic diseases
1.5.1 Anaplasmosis

Although challenging, accurate diagnosis is esakntor controlling bovine

anaplasmosis. There are several direct and indiexiiniques for diagnosis of
anaplasmosis. Direct methods include detection l®ymGa-stained peripheral blood
smears by light microscopy (Aubry and Geale, 20&hyd molecular test like
polymerase chain reaction (PCR) based techniquadatMet al., 2006). Indirect
methods include different serological tests usiiffgebnt surface antigens (Madruga
et al., 2001).

1.5.1.1 Clinical diagnosis

Bovine anaplasmosis is characterized by severe ianemd jaundice without
hemoglobinemia and hemoglobinuria. Other clinicains include weight loss,
decreased milk production, abortion and suddenhdérichey and Palmer, 1990).
However it is sometime difficult to differentiateom other diseases which develop

similar symptoms and thereby need specialist opinio
1.5.1.2 Conventional microscopy

The conventional microscopic examination of periphdlood smears (thick and
thin) is the most commonly used technique and istnsensitive when used to
evaluate animals that are clinically ill, typicaluring the acute phase of disease
(Eriks et al., 1989). However, parasites are seldietected microscopically in

chronic infection requiring alternative strategies.



1.5.1.3 Molecular diagnostic tools

Polymerase chain reaction (PCR) detects DNA ofotimasite in peripheral blood and

therefore recognizes active infection, and thetikedaamount of DNA detected

correlates with the level of parasitemia (Eriksabt 1989). PCR based diagnosis is

very specific and sensitive molecular diagnosti¢hod even at low parasitemia stage

and is able to differentiation between specie8rddplasmaHowever the technique is

costly, time consuming and requires modern equipsnellolecular techniques

targeting different gene were used by various mebea at different part of world and

some selected studies are summarized below (Table 1

Table-1.1:Selected studies where different types of primertargeting different

genes used for molecular identification oAnaplasma spp.

Target Primers used Amplicon References
gene size (bp)

MSP4 5-CCCATGAGTCACGAAGTGG-3 753 Joazeiro et al., 2015
5-GCTGAACAGGAATCTTGCTCC-3

16SrRNA | 5-AAGCTTAACACATGCAAGTCGAA-3 1406 Oh et al., 2009
5-AGTCACTGA CCCAACCTTAAATG-3

MSP L 5-TGTGCTTATGGCAGACATTTCC-3 1224 Baéta et al., 2015
5-AAACCTTGTAGCCCCAACTTATCC-3

MSP5 5-ATGAGAATTTTCAAGATTGTGTCTAACCTT-3 714 Bacanelli et al., 2014
5-AGGAAAGCCCCCAAAGCCCCATACTT-3

MSP1b For primary PCI 347 Molad et al., 200
5-CCATCTCGGCCGTATTCCAGCGCA-3
5-CTGCCTTCGCGTCGATTGCTGTGC-3
For secondary PCR
5-CAGAGCATTGACGCACTA CC-3
5-TTCCAG ACCTTCCCTAACTA-3

MSP: 5-AACCCAACTTTCAACGGTATCAAGGACCT-3 247 Hammac et al., 20:

5-ATCCCTACTTCAACCCTGGCTCCT-3




1.5.2 Babesiosis

Different types of diagnostic techniques includir@pnventional microscopy,
serological tests, and molecular tools are cuilyemthilable for diagnosis of bovine
babesiosis. However, each of them has some limitgstihat should be considered

beforehand.
1.5.2.1 Clinical diagnosis

Clinically, babesiosis can be confused with sonfenimportant diseases of cattle
which develop similar symptoms (such as fever, aaefemolysis, jaundice, or
reddish or coffee color urine). Therefore, confitima of diagnosis by light

microscopic examination through Giemsa-stained dlooorgan smears is essential

but not conclusive.

1.5.2.2 Conventional microscopy

Traditionally, the microscopic examination of thiekd thin smears of peripheral
blood for detection oBabesiaparasites has always been considered as the gold
standard method for the diagnosis of acute baliegB#§se et al., 1995). However,
the major disadvantage of microscopic examinatibrblood parasites is the low
sensitivity of the technique, thus making it ditfit to detect parasites in blood
smears during low parasitemia in carrier animalen@ia et al., 2001). Again this is

further complicated in cases of mixed infectiorc@lason, 2006).
1.5.2.3 Molecular diagnostic tools

PCR amplification for the diagnostic detection aibbsiosis is considered as a
powerful diagnostic tool both in the early phaserdéction and in carrier animals.

The sensitivity of a PCR assay can be increasedebgral folds by performing a

semi-nested or nested PCR where two differentafeamplification primers are used

(Mosqueda et al., 2012). Different investigatorsvehaised separate protocols and
amplified different gene fragments for reliable ewllar identification ofBabesia

organism. Some of these selected studies are sunethdelow (Table 1.2).



Table 1.2:Selected studies where different types of primertargeting different
genes used for molecular identification oBabesia spp.

Target Primers used Amplicon References
gene size (bp)

SSrRN, 5-TGGCGGCGTTTATTAGTTC( 3 112 Chaudhry et al., 20:

gene 5-CCACGCTTGAAGCACAGGA- 3

B. 5- ATGATTCACTACGCTTGCCT(C3 60C Suarez et al., 20!

bigemina | 5- GTCTTGTAGTATATGGCGGTCATGTAG-3

RAP-1

gene

RRAgene | 5-CACGAGGAAGGAACTACCGATGTTGA-3| 387 Suarez et al., 2011
5 -CCAAGGAGCTTCAACGTACGAGGTCA-3
5 -TCAACAAGGTACTCTATATGGCTACC-3
5 -CTACCGAGCAGAACCTTCTTCACCAT-3

Partial18S| 5-TTTCTGMCCCATCAGCTTGAC-3 422-440 Hilpertshauser et al., 20

rRNA 5-CAAGACAAAAGTCTGCTTGAAAC-3

gene

Rar-1c 5-AAGCAGCAGCCGTGGTACAAGCGTG(-3 | 657 Niu et al. 201¢
5-TTACGACGATCGTTTGAAGTACTTC-3

Rap-la ACGCGAATGGTTGCGTTTCAGA 570 Niu et al., 2015
GGCTCAGCAACATTGGCTTTCAG

gp45 For primary PCR 170 Mtshali and Mtshali, 201

5-CATCTAATTTCTCTCCATACC-3
5-CCTCGGCTTCAACTCTGATGCCAAAG-3
For secondary PCR
5-CGCAAGCCCAGCACGCCC-3
5-CCGACCTGGATAGGCTGTGTGATG-3

1.5.3 Trypanosomiasis

Several approaches including microscopic and mtdecliagnostics are available for

accurate and reliable diagnosis of trypanosomia$igese findings need to be

incorporated with the relevent clinical featuregomfirm the diagnosis.

1.5.3.1 Clinical diagnosis

The clinical symptoms of trypanosomiasis in animedsy with host immunity,

trypanosome species and respective strains. Consyraptoms include intermittent

fever, severe anemia, decreased body conditionghrolair coat along with

enlargement of superficial lymph nodes, occasignathortion with reduced milk

yield which could be fatal if untreated. Affecteal\es show depression, weight loss,

pale mucous membranes, enlarged lymphnodes, edetha dewlap, cough, coryza

along with diarrhoea (Batista et al., 2012). Thaichl signs are not pathognomonic

and not sufficient for diagnosis of trypanosomiasis
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1.5.3.2 Conventional microscopy

The most convenient and simple technique for detecbf trypanosomes in
peripheral blood is by direct examination of blosmlears, either by the wet film
method to detect motile trypanosomes or as Gienasaesl thick and thin smears, by
light microscopy (Nantulya, 1990). The direct mgropic examination is considered
as gold standard method for diagnosis of trypan@ssim although half of those
infected could be missed by this techniques (Baraé47). However, the sensitivity
of direct microscopic examination was improved t®ng another two techniques
namely (i) buffy coat techniques (Woo, 1970) by ta&mgation of blood and (ii)
miniature-anion exchange centrifugation techniqueAECT) (Lumsden et al., 1979)
that involve separation of blood cell prior to aégngation. The disadvantage of these
techniques are mainly their difficulties to appty field condition (Lumsden et al.,
1979).

1.5.3.3 Molecular diagnostic tools

Modern molecular techniques are capable of detgthia presence of parasites based
on their antigenic components or DNA segmentslisib @an be used to differentiate
the members of the genuSrypanosomaare preferably used because visual
morphological discrimination of trypanosomes is aw difficult (Jittapalapong et al.,
2008). Developing of PCR for trypanosome is mosialée and highly sensitive
technique for specific identification of naturalimal infections by most trypanosome
species and sub-species (Njiokou et al., 2004). HGR is extremely sensitive as
even minute amount of parasite DNA can be amplified a detectable quantity to
further characterize the species. Until now sevaeiet genes have been used to
optimize PCR assayand some of the selected armatither details are summarized in
Table 1.3.



Table 1.3:Selected studies where different types of primertargeting different
genes used for molecular identification o rypanosoma spp.

Target gene Primers used Amplicon References
size (bp)

18< and 5.85 | 5-GCG TTC AAA GAT TGG GCA A™-3 45k Desquesnes et al., 2(

rRNAgenes | 5-CGC CCG AAAGTT CAC C-3

18Sgene 5-CAACGATGACACCCATGAATTGGGGA-3 | Variable Geysen et al., 2003
5-TGCGCGACCAATAATTGCAATAC-3
5-GTGTCTTGTTCTCACTGACATTGTAGTG-3

Universal 5- GCGTTCAAAGATTGGGCAAT-3 Variable Mwandiringana et al., 20:

Trypanosome| 5-CGCCCGAAAGTTCACC-3

Species

SG RoTat1 | 5-GCGGGGTGTTTAAAGCAATA-3 205 Claes et al., 2004
5-ATTAGTGCTGCGTGTGTTCG-3

Minicircl 5-ACAGTCCGAGAGATAGAG-3 436 Njiru et al., 2004
5-CTGTACTCTACATCTACCTC-3

ITS-1 5-CCGAAGTTCACCGATATTG-3 Variable Nirju et al., 2005
5-GCTGCGTTCTTCAACGAA-3

gGAPDH 5-CTYMTCGGNAMKGAGATYGAYG-3 88(-90C Hamilton et al. 2004

5-GRTKSGARTADCCCCACTCG-3
5-GTTYTGCAGSGTCGCCTTGG-3

1.6 Tissue protozoa in small ruminants

Different types of tissue protozoan diseases inolyidoxoplasmosis, sarcocystosis

and neosporosis cause devastating loss in smalhamts. Among tissue protozoa,

Toxoplasma gondicaused significant amount of loss in small rumisaand is

considered as a major pathogen for abortion in Ismalinants (Buxton et al., 2007,
Dubey et al., 2011).

1.7 Effects of toxoplasmosis in small ruminants

Toxoplasmosis considered as one of the major caofsesproduction disorder in

small ruminants (Dubey et al., 2011). Among foodraais clinical toxoplasmosis in

more common in goat with fatal outcome (Webstef,(0Although asymptomatic in

most cases, toxoplasmosis can cause abortion, rificawion of fetus, still birth and

weak lamb and kids (Anastasia et al., 2013). Imbectacquired during perinatal

period can lead to death of fetus and causing f&igni economic loss in livestock

industries (Buxton, 1991). The majority of natufBl gondii infections in small

ruminants are subclinical. Clinical sign includesde anorexia, respiratory distress

and sometimes diarrhoea. Central nervous systeandéisis rarely reported. While

causes significant economic loss in livestock imdes, it also has zoonotic

significance (Ghoneim et al., 2009).




1.8 Diagnosis ofT oxoplasma gondii infection

Several techniques are available to detect toxomas in small ruminants that
include serology, histopathology and molecular dasgic techniques (Glor et al.,
2013).

1.8.1 Serology

Serological diagnosis is more widely used technigueetectl. gondiiinfection both

in human and animals (Hashemi-Fesharki, 1996%. dni important tool for diagnosis
of abortion in small ruminants (Buxton, 1998). fere=e of specific antibodies in body
fluids indicates the tissue infection. There arexamy serological tests used for the
detection of antibodies again$t gondii including Dye test (Sabin and Feldman,
1948); IFAT, IHA (Jacobs and Lunde, 1957); CFT, MAJesmonts and Remington,
1980); LAT, DAT (Devada et al., 1998), ELISA (Li etl., 2000). Among all
serological tests, some researcher concludedii#atIFAT and ELISA all are highly
sensative for epidemiological survey in small ruamts (Figueiredo et al., 2001),
while other researchers consider both IHAT antiSALare efficient diagnostic tools
for detection ofToxoplasman small ruminants (Barakat et al., 2009). In EldSA
test, microtitre plates were precoated with inattd antigen and diluted serum
sample is added to bind with the antigen to fornmigan—antibody complex.
Numerous modification of the ELISA has been adapteehhance the sensitivity and
specificity of the conventional ELISA test (DubeydaBeattie, 1988). The test is very
simple, economic, sensitive and easily adaptediédd use (Spencer et al., 1980).
The original ELISA use a soluble antigen made fr@mxoplasmaRH strain
tachyzoites (Voller et al., 1976). Later on ELISA\used based on the recombinant
antigen or combination of recombinant antigen H&/AG&d H11/GST (Tenter et al.,
1992). Various recombinant antigens including gkanantigen GRAl, GRAZ2,
GRA4, GRA6, GRA7 and GRAS; rhoptry protein ROP1 &@P2; Matrix protein
MAGZ1; micronems protein MIC2, MIC3, MIC4 and MIC&hnd surface antigen and
SAG 2 were used for detection of specific antibedigainst. gondii(Bastien, 2002;
Liu et al., 2015). Used of recombinant antigen it combination showed higher
sensitivity and specificity (Sudan et al., 2013an8wich ELISA with recombinant
P35 is more specific for the acute infection thiae traditional ELISA (Suzuki et al.,
2000). Dot-ELISA, a modification of ELISA in whidhe antigen-antibody reaction is
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performed on nitro-cellulose in place of the polyshe plate, has been used to detect

antigens and antibodies ©f gondii bysome researchers (Pour Azami et al., 2011).
1.8.2 Histopathology

The identification of characteristic histopatholgital changes in the tissues are the
indicative for toxoplasmosis (Buxton and Finlaysd®86). The parasite had been
detected in various tissues including brain, hesket)etal muscle, small intestine, liver
and diaphragm. Placenta, brain and heart are tt# coonmonly affected organs as
found inT. gondiiinduced abortion in small ruminants (Dubey andtB®a1988). In
another study it was found that brain arethe mfisti®d oran by toxoplasmosis in
small ruminants and it was the most commonly usedu¢ for diagnosis of
toxoplasmosis (Uggla et al., 1987). Detection chteoite is very difficult to detect
histopathologically except acute phase of toxoptass(Remington et al., 2001) but
bradyzoite cysts could be observed with the devetog of immunity.

Myocarditis, interstitial nephritis, non- suppuvatiencephalitis, hepatitis and diffuse
interstitial pneumonia were the most histopathaabchanges in aborted feti (Ahmed
et al., 2008; Dubey et al., 1990). Other histopiaitioal changes include necrotic foci
followed by mononuclear inflammatory reactionTingondiiaffected organs (Buxton
and Finlayson, 1986). Periodic acid schiff (PAS)er@sa stain, Modified Ziehl
Nelson stain, Von Kossa stain etc. are also usexd geecial stain for toxoplasmosis
(Sheehan and Hrapchak, 1980).

1.8.3 Molecular diagnostic tools

Molecular techniques such as PCR to defecgondiiin fetal tissues and placenta
were considered as important tool for diagnosigosbplasmosis (Hurtado et al.,
2001; Kamani et al., 2010a). These technique haesm kommonly used for clinical
diagnosis and epidemiological study ©f gondii (Su et al., 2010). Some of the
molecular techniques include the PCR, nested PGRgaantitative PCR to detect
DNA from biological samples along with PCR-RFLP,cnoisatellite and multilocus
sequence typing (MLST) for identification of isaatf T. gondii(Su et al., 2010).
PCR assays targeting different genes have beemdotad by researcher around the
globe. Some of the selected studies using PCR appes are summarized in Table
1.4.
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Table 1.4:Selected studies where different types of primersna the respective
target genes used for molecular identification of oxoplasma gondii

Target
gene

Type of
PCR

Primers used

Amplicon
size (bp)

References

Bl

Nested

For primary PCR:
5 -GGAACTGCATCCGTTCATGAG-3
5-CTTTAAAGCGTTCGTGGTC-3
For secondary PCR:
5 -TGCATAGGTTGCAGTCACTG-3
5-GGCGACCAATCTGCGAATACACC-3

94

Ahmed et al., 2008

18S-5.8S
rRNA
ITS-1

Nested

For primary PCR:
5-CCTTTGAATCCCAAGCAAAACATGAG-3
5-GCGAGCCAAGACATCCATTGCTGA-3
For secondary PCR:
5-GTGATAGTATCGAAAGGTAT-3
5-ACTCTCTCTCAAATGTTCCT- 3

227

Kamani et al., 2010a

ITS-1

Simple

5-GATTTGCATTCAAGAAGCGTGATAGTAT-3
5-AGTTTAGGAAGCAATCTGAAAGCACATC-3

333

Moazeni Jula et al., 2013

Universal
18S
rRNA

5-CGGCTACCACATCTAAGCG-3
5-TATACGCTATTGGAGCTGG-3

205

Moazeni Jula et al., 20

B1

Nested

For primary PCR:
5-GGAACTGCATCCGTTCATGAG-3
5-AATACGACTCACTATAGGGTGCATAGGTTG
CA GT CACTG-3
For secondary PCR:
5'-GGCGACCAATCTGCGAATACACC-3
5-TCTTTAAAGCGTTCGTGGTC-3

97

Burg et al., 1989

Bl

Nested

For primary PCR:
5-TGTTCT GTC CTA TCG CAA CG-3
5-ACG GAT GCA GTT CCT TTC TG-3
For secondary PCR:
5-TCT TCC CAG ACGTGG ATT TC-3
5-CTC GAC AATACG CTG CTT GA-3

531

Habibi et al., 2012

B1

Nested

For primary PCR:
5-TCA AGC AGC GTATTG TCG AG-3
5-CCG CAG CGA CTT CTATCT CT-3
For secondary PCR:
5-GGA ACT GCA TCCGTT CAT GAG-3
5-TCT TTA AAG CGTTCG TGG TC-3

197

Habibi et al., 2012

P30

Simple

5-CACACGGTTGTATGTCGGTTTCGCT-3
5-TCAAGGAGCTCAATGTTACAGCCT-3

372

Hyman et al., 1995

529 bp
repeat
element

Simple

5-CGC TGC AGG GAG GAA GAC GAA AGT TG-3
5-CGC TGC AGA CAC AGT GCATCT GGATT -3

529

Homan et al., 2000

16S
rRNA

Simple

5-CGCCTGTTTATCAAAAACAT-3
5-CCGGTCTGAACTCAGATCACGT-3

652

Hyman et al., 1995

ITS-1

Nested

For primary PCR:
5-CCTTTGAATCCCAAGCAAAACATGAG-3
5-GCGAGCCAAGACATCCATTGCTGA-3
For secondary PCR:
5-GTGATAGTATCGAAAGGTAT-3

5-ACTCTCTCTCAAATGTTCCT-3

227

Hurtado et al., 2001
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1.9 Present status of blood protozoa of cattle ind®gladesh

Bangladesh has a tropical climate characterizedwie variations in rainfall,
temperatures and humidity. This weather favors grewvth and multiplication of
many arthropods vectors like ticks, flies and masgs etc. that are responsible for
the transmission of a number of hemoprotozoan géesedal he most commonly found
haemoparasitic diseases in the country include diadie, anaplasmosis along with
less common theileriosis, leishmaniosis and trypanoasis. Researchers have long
been studying the prevalence of different speciddand parasites in different parts
of Bangladesh. Among theriiyypanosoma theilerB. bigeminaTheileria annulata

T. mutansand blood rickettsia lik&. marginaleandA. centraleetc.were reported by
some investigators (Ahmed, 1976; Alim et al., 20B@nerjee et al., 1983; Rahman et
al., 1982; Samad and Goutam, 1984; Siddiki eR8l0; Talukdar and Karim, 2001).
Among different hemoparsitic diseases in cattle, prevalence of anaplasmosis and
babesiosis was found to be comparatively highein{it al., 2012; Chowdhury et al.,
2006; Rahman et al., 1982; Samad et al., 1989pmpeehensive list of all reports on
different hemoparasitic diseases prevalent in Badeghi cattle are summarized in
Table 2.1, 2.3 and 2.4.

Several epidemiological studies have been conduciad vector-borne
haemoprotozoan diseases in Bangladesh (Alim et28ll2; Belal et al., 2015;
Chowdhury et al., 2006; Rahman et al., 2015a; Saetaal., 1989; Siddiki et al.,
2010; Talukdar and Karim, 2001). Most of these i&sidvere based on microscopic
examination of blood smear collected from periphétaod circulation while some
were based on molecular examination (Rahman ef@l5a). To our knowledge,
there is no published article on molecular charazgon of blood protozoa in cattle
in Bangladesh. Howover, previous report on vectimb diseases in cattle in

Chittagong area was very limited (Alim et al., 2p12
1.10 Present status of toxoplasmosis in Bangladesh

In Bangladesh, several earlier reports have bedsisped on toxoplasmosis in
animals and human (Biswas et al., 1993; Khaturl.ei998; Rahman et al., 2015b;
Samad et al., 1993; Samad et al., 1997; Shahidumzanal., 2011). These studies
were conducted in different regions of the counmgiuding northern Mymensingh

and Rangpur areas. Most of the studies were baseskmlogical techniques like
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latex agglutination test (LAT) while one was basad histopathological study in

naturally occurring abortion in Black Bengal goBafi et al., 1993).

In absence of modern molecular tools, until noveaeshers were solely dependent on

serology to diagnose clinical cases. Further madecinvestigation is therefore

essential for their complete characterization.

The present research was designed with followirjgatives as described preferably

in different dedicated Chapters:

1.

Investigate the prevalence of selected vector-bbaemoprotozoan diseases
(babesiosis, anaplasmosis and trypanosomiasiitite én different selected
areas of Chittagong region.

Determine different epidemiologic factors incluglibreed, age, sex, seasons
and their correlation with disease incidence.

Molecular characterization of the selected haenagi@ms and their
phylogenetics.

Determine the prevalence and identification of festors of toxoplasmosis in
sheep and goats in Chittagong Metropolitan ardzaoijladesh.
Histopathological identification and molecular cheterization offoxoplasma

gondii from several cases of abortion in small ruminants.
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Chapter-2
Review of Literature

2.1 Anaplasmosis

Bovine anaplasmosis is an important hemoparasieade of cattle caused by the
rickettsial organism of the genu#\naplasma (Order Rickettsiales, Family
Anaplasmataceae). The diseases is characteriziEday weight loss, decreased milk
production, pale mucous membranes, severe anauialice, brownish urine, hyper-
excitability, abortion and mortality without showjimny sign of hemoglobinemia and
hemoglobinuria during acute form of the diseasel{By and Palmer, 1990). Clinical
signs of disease are usually not apparent in persig affected carrier animals.
However, the persistent form is important for mai@nce ofA. marginalewithin a
herd.

2.1.1 Etiology

There are several speciesfofaplasmaecorded to date. These includemarginale,

A. centrale A. ovis A. phagocytophilumA. bovisand A. platys Anaplasmosis in
cattle is mainly caused k4. marginaleandA. centrale(De La Fuente et al., 2008).
Among the twoA. marginaleis the most important one (Kumar and Sangwan, 2010
A. centraleis closely related té\. marginaleand causes mild anaplasmosis in cattle.
Although A. bovisusually found in cattle and small mammals areugfmd to act as
reservoir of infection (Goethert and Telford, 2003)he protozoan infects the

monocytes and responsible for causing monocytiplasmosis.
2.1.2 Susceptible host range

Bovine anaplasmosis has been reported in variousesiic and wild animals
including cattle, buffalo, bison, African antelopasd the mule deer (Dumler et al.,
2001; Kocan et al.,, 2003). Clinical anaplasmosium€ommon in wild animals,
however two clinical cases of anaplasmosis wererted in giraffe (Augustyn and
Bigalke, 1974). Serological occurrenceAriaplasmaspp. has also been reported in
impala (Aepyceros melampysjvaterbuck Kobus ellipsiprymnusand plain zebra

(Equus quaggalNgeranwa et al., 2008).
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2.1.3 Transmission by tick vectors

Almost 20 species of ticks have been reported tansmit anaplasmosis
experimentally (Kocan et al., 2004). The main vectof bovine anaplasmosis are
Ixodid ticks (mainly Boophilus microplus while other ticks of the genera
Rhipicephalus, Dermacentor, Haemaphysalis, Hyalomamal Ixodes can also
transmit the ricketssia (Kumar and Sangwan, 20I®)e infectious agent also
transmitted mechanically via contaminated mouthtspaf biting insects or by
contaminated fomites such as needles, castrativgkrear taggers and other surgical
instruments (Ewing et al.,, 1997). In addition to amenical and biological
transmissionA. marginalecan also be transmitted from cow to calf transphdally
during the time of gestation period (Kocan et2003).

2.1.4 Geographic distribution

Anaplasmosis in cattle is prevalent worldwide ammshtommonly reported in South
Africa, Australia, Asia, the former USSR, South Aimna and the United States
(Woldehiwet and Ristic, 1993A. bovishas been most commonly reported in cattle
and buffalo from Africa, the Middle East and SoAihnerica (Ooshiro et al., 2008). In
BangladeshA. marginale A. centralewas previously reported in cattle (Ahmed,
1976).

2.1.5 Breed susceptibility

Several studies were conducted to determine tHeréifces in susceptibility foh.
marginaleinfection among local breedBds indicu¥ European breed8¢s tauru}
and their crosses (Chowdhury et al., 2006; Jonssah, 2008). Among cattle breeds,
B. taurus are more likely to develop acute anaplasmosis tmassbred Zebu cattle
(Aguirre et al., 1987). However in experimentaleiction local and crossbred were
equally susceptible t&. marginaleand developed similar clinical signs (Bock et al.,
1997).

2.1.6 Susceptibility among different sexes

Generally female animals are thought to be moreepitble to anaplasmosis than the
male animals. Several published reports validai® statement (Alim et al., 2012;

Atif et al.,, 2012; Rajput et al., 2005). The sumsien of immunity in advanced
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pregnancy due to physiological changes and or aigdrgy loss in lactation in high
yielding animals are thought to be the possiblesaaa for a higher prevalence of

anaplasmosis in cows (Kocan et al., 2010).
2.1.7 Age susceptibility

Anaplasmaspp. can cause infections in cattle of all age ggowhere severity and
mortality rate depends on the age of animals. Gédlgeainimals more than two years
of age develop clinical disease associated witlgla imortality, contrary to calves that
are less susceptible (Aubry and Geale, 2011). Galwneler the age of 6 months rarely
develop clinical signs and when older than 6 moatiesusually found to suffer from
mild clinical disease (Kocan et al., 2010). Calitween one and two years of age

may develop more acute signs of disease, whicirédyr fatal (Kocan et al., 2010).
2.1.8 Effect of climate change

Temperature plays an important role in the develmrand multiplication of the
ticks that consequently play role in the epidengglof anaplasmosi€£hanges in the
environment like climate change effects on the mlem arthropod—pathogen—host
epidemiological cycle through variety of complexahanisms from the molecular to
the population level (Tabachnick, 2010). Global mveng may influence the
movement of the tick vectors and accordingly treritiution of anaplasmosis varies
in different places (Jonsson and Reid, 2000).The dml humid climate is very
favorable for the development and survival of tigkctors and is a constant and

important source of infection to susceptible angx{@howdhury et al., 2006).

2.1.9 Prevalence of anaplasmosis around the globe

Many sero-epidemiological and molecular studiesehattempted to investigate the
prevalence of anaplasmosis in different parts ef world. Some of the selected
studies are summarized in Table 2.1. Molecularstgations were found to be less
sensitive than serological studies where high casabers were recorded by the
researchers. The prevalence of anaplasmosis Vesi®s0.20% to 70.0% in different
countries as reported through conventional todke Imicroscopy and staining.
However, serological reports suggest a prevaleate ranging from 16.57% to

79.40% possibly indicating higher sensitivity oetkerological tests. Other reports
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using molecular tools indicates a wide range oWalence from 19.05 to 98.6% in
some parts of the world. In Bangladesh severaliesudere conducted in northern,
southern and north eastern part of the countrycbaseparasitological approach and
the prevalence was recorded from 0.20% to 70.0% watriable sample sizes. In
neighboring India, the prevalence varied from 2.684%2.08% while in Pakistan the
prevalence was ranged from 4.07% to 17.26%. A cpwide sero-surveillance is
therefore necessary to determine the extent of ithigortant blood parasite in

Bangladesh.
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Table 2.1:Selected studies investigating the prevalence of gplasmosis in cattle
reported from different countries. Different authors used different tools and sample
size varied in each study.

Country Regions Sample | Methods Percent References
size (n) | applied Prevalence
Bangladesh Sirajgon;j 60 Microscopy 70.00 Chowdrairgl., 2006
Bangladesh Sirajgon;j 395 Microscopy| 25.82 Belal et al., 2014
Bangladesh Chittagong 166 Microscopy 1.00 Siddiki et al., 2010
Bangladesh Chittagong 648 Microscopy 4.05 Alim et al., 2012
Bangladesh Chittagong 2614 Retrospectjve.20 Badruzzaman et al., 2014
study
Banglades Hilly area: 47E Microscopy 14.9¢ Mohanta and Monda
2013
Pakistal Sargodh 35C Microscopy 9.71 Atif et al., 201:
Pakistal Islamabac 307 Microscopy 17.2¢ Khan et al., 20C
and Attock
Pakistan Punjab 836 Microcopy 4.07 Sajid et al1420
Pakistan Punjab 1050 ELISA 31.05 Atif et al., 2013
India Tamil Nadu | 2637 Microcopy 2.64 Velusamy ef 2014
India Punjab 298 Microscopy | 12.08 Ashuma et al., 2013
PCR 51.01
India Ludiana, 703 Microscopy 8.53 Singh et al., 2012
Punjab
Malaysie - 264 ELISA 79.4( Pong and Ni-Him, 2012
Iran Khorasar 16C Microcopy 19.37 Razmi et al., 20C
Province
Thailanc Nan, Nakhor| 56¢ PCF 19.0¢ Saetiew et al., 20:
Sawan and
Ayutthaya
Morocco North and | 668 ELISA 16.50 Hamou et al., 2012
Central PCR 21.90
Morocco
Brazil South 165( PCF 98.€ Brito et al., 201
western
Amazonia

2.2 Babesiosis

Babesiosis is an important vector borne diseasgechly blood protozoa of the genus
Babesiathat affect many species of mammals includindlegBock et al., 2004).
The disease was first reported in 1888 by Viktob&ain Romania in erythrocytes of
cattle associated with bovine hemoglobinuria or veater fever (Babes, 1888).
Throughout the world, babesiosis is popularly kn@snpiroplasmosis, tick fever, red
water fever, Texas fever, splenic fever or tristeza and are known to be transmitted
only byIxodid ticks (Ristic, 1988). In endemic areas major pgtimnonic symptoms
include high fever, haemolytic anemia, jaundice dm@gmoglobinuria (Soulsby,

1982). Other signs include fever, inappetence, efpon, increased respiratory rate,
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weakness, reluctant to move, muscle wasting, trenamd abortion (De Vos and

Potgieter, 1994). In severe cases animals diewi4ihours.
2.2.1 Etiology

Bovine babesiosis is caused by several specideagj@énudBabesia These includ®.
bigemina B. divergensB. major, B. bovis B. ovata(Japan) an®. occultangSouth
Africa) (Bock et al., 2004; Uilenberg, 2006). Amotigem,B. bigeminaandB. bovis
have considerable impact on health and productieftgattle in tropical and sub-

tropical countries including Bangladesh (Isekilgt2010).
2.2.2 Susceptible host range

Babesiaspp. is host-specificB. bovisand B. bigeminausually infect cattle but
capable of producing disease in water buffalo soe of wild ruminants (Kistner
and Hayes, 1970B. bigeminawas recorded from roe deer, red deer and wild boar
(Zanet et al., 2014). One study reported that evtsitied deer were responsible for
reintroducing the tick vector of cattle Tick FeverCentral Texas, in USA (Holman

et al., 2011). Fatal babesiosis dueBtadivergensvas reported in captive rein deer in
United Kingdom (Langton et al., 2003) and captiveodland caribou in America
(Petrini et al., 1995).

2.2.3 Transmission by tick vectors

Under natural condition, Babesia is transmittediblys which may become infected
by feeding of infected bloodBoophilus ticks are major vector responsible for
transmission of babesiosis. These vectors are caiyniound in tropical and sub-
tropical countries like Bangladesh (Rony et al1@0 However other tick vectors are
also capable of transmitting the disease. Sele@&abesia organisms and their

concerned vector ticks are presented in Table 2.2.
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Table 2.2:Major Babesa species infective to domestic animals and theirxodid
tick vectors (Adapted from Uilenberg, 1995)

Species Vector

Babesia bigemina Boophilus microplus
B. decoloratus

B. annulatus

B. geigyi
Rhipicephalus evertsi

Babesia bovis B. microplus
B. annulatus
B. geigyi
Babesia divergens I. ricinus
I. persulcatus
Babesia major Haemaphysalis punctate
Babesia ovat H. longicornis

B. microplusis the most important vector all over the world¢ept in southern Africa,
whereB. decoloratuss availableB. annulatuds the principal vector dB. bovisand
B. bigeminain Northern Africa (Sahibi et al., 1998), the Middast (Pipano, 1997),
Turkey (Sayin et al.,, 1994) and some areas of sontEurope (Caeiro, 1999R.
divergens is transmitted almost exclusively bl ricinus in northern Europe
(Friedhoff, 1988).

2.2.4 Geographic distribution

Babesia is a cosmopolitan parasite and the geograjitribution depends on the
availability of tick vectors (Aboulaila et al., 20)L B. bovisand B. bigemina are
important blood parasite of cattle that presentmany tropical and sub-tropical
regions of the world including Africa, Asia, Audiea Central and South America,
and the West Indies (Bock et al., 2004; Yin et 2997).B. divergenausually affect
the cattle of north-western Europe (Telford lllaét 1993) and France (L'hostis et al.,
1995).B. major have been reported mainly in European countrielsiging the UK,
the Netherlands, France, Germany and Spain (Hoetokl., 2014).B. ovatais
reported from eastern Asia (Uilenberg, 1995). Imd@adesh the most prevalent
Babesiaspecies in cattle i®8. bigeminathat was recorded by several researcher
(Banerjee et al., 1983; Chowdhury et al., 2006;3hbatal., 1989).
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2.2.5 Breed susceptibility

The zebu cattleBos indicu¥ are known to exihibit high levels of innate résige to
B. bovisandB. bigeminainfections when compared ®os taurusand their crosses
(Bock et al., 1997). This resistance is manifestgtbwer parasitemia iBos indicus
compared td. tauruskept under identical pasture conditions (Aguirtale 1990).
The high resistance of zebu cattle to ticks andabesiosis is a widely known
phenomenon, which motivated the farm owners toa@plpureB. taurus by B.
indicus cattle and their crosses in areas of high tickgtdtion in Australia (Jonsson,
2006). Differences in susceptibility & bigeminain between indigenous/local cattle
and crossbred cattle have also been demonstratedrigladesh (Al Mahmud et al.,
2015; Alim et al., 2012; Chowdhury et al., 2006)l these studies indicated that the
prevalence of babesiosis is higher in crossbretiecahen compared to the local or

indigenous group.
2.2.6 Susceptibility among different sexes

Several studies have been reported to compareutioestibility of male and female

cattle to babesiosis (Alim et al., 2012; Hamshalgt2015; Swai et al., 2007). These
studies indicate that the prevalence was highefiemale animals than male. The
higher prevalence of babesiosis in female animaghtrbe linked to the fact that

female animals are kept longer for breeding andé pribduction purposes (Kamani et
al., 2010b). Other possible reasons are thougheé toormonal disturbances due to its
use in milk production and breeding system whickies the immune system of the
animal (Hamsho et al., 2015).

2.2.7 Age susceptibility

There is an inverse relation between severity lafical signs, speed of recovery and
mortality rates with age of the host in babesidBiorin-Christensen et al., 2014).
Calves generally resist acute infection becauseraite immunity through colostrum
and this colostral antibody confers protection &ves that may persist for up to 6
months forB. bovisand 3 to 4 months fd8. bigemingWright, 1990). After 6 months
of age, the number of infected animals in enzoafieas increases. The highest
infection rate in animal are usually recorded & dlge of 6-12 months. Infection is

uncommon in animals over 5 years. Animal under &aryef age are infected
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predominantly withB. bigeminaand those over 2 years of ageBiybovis(Radostits
et al., 2005 However there are many case reports of babesiosialves less than a
month of age (Vairamuthu et al., 2012; Venu et2415).

2.2.8 Environmental factors

Many reports are published on seasonal variationshé prevalence of clinical
babesiosis. Highest incidence occurs soon afterpdek of the tick population.
Temperature, humidity, rainfall, air are the masportant factors which regulate the
activity of the tick populations (Radostits et 49994). In endemic areas, where there
are many infected ticks, the immunity of the hgsniaintained at a high level through
repeated challenge and overt disease is rare.niinash, where there are few ticks or
when hosts are confined to limited areas, the ineratatus of the population is low,
clinical outbreak of babesiosis takes place (Zhtl., 2005).

2.2.9 Other miscellaneous factors

Babesiosis is higher in areas where the climatioditons and environmental
management allow the presence of the tick vectorsughout the year. Calves
become infected during the first months of life,aat age whene they are relatively
resistant to the clinical disease and develop imtpuBreed, management strategies,
tick infestation rates and regular acaricide treatimplay an important role in the
occurrence of babesiosis (Andrade et al., 2004heOfactors like transportation,
parturition, malnutrition and superimposed infeatiovith different parasites

especiallyA. marginalemay contribute to this infection (Radostits et 4094).
2.2.10 Prevalence of babesiosis around the globe

Several serological (e. g. ELISA, IFAT, IFA), molgar (e. g. PCR assay),
parasitological (microscopy with staining) and esws have been reported from
different parts of the world (Table 2.3). In Bardgah, a low prevalence was recorded
in a retrospective study while overall serologipaévalence ranged from 14.0 to
72.3%. However, prevalence was ranged from 3.62t&% using more sensitive

molecular tools.

Among studies reported from Bangladesh, the precaleranged from 0.80% to

16.63% in different parts of the country. In neighibg India, the prevalence ranged
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from 0.65% to 29.00% while in Pakistan the preve¢eranged from 1.0% to 3.60%.
In absence of modern diagnostic tools only micrpgcadentification of Babesia
bigemina has been confirmed in Bangladesh to date. Furtieehnological
developments need to be adapted among researam@érfam@ming community for
reliable and accurate diagnosis of this importarhbprotozoa which is responsible

for significant economic losses in livestock sector

Table 2.3:Selected studies investigating the prevalence oélbesiosis in cattle in
different countries. Different authors used different tools and sampe saried in
each study.

Country Regions Sample | Methodology | Percent References
size (n) | applied Prevalence
Bangladesh | Sirajgonj 395 Microscopy | 2.27 Al-Mahmud et al., 2015
Bangladesh | Sirajgonj 60 Microscopy | 3.30 Chowdhury et al., 2006
Bangladesh | Sylhet 100 Microscopy | 16.00 Nath and Bhuiyan, 2013
Bangladesh | Chittagong 166 Microscopy | 1.00 Siddiki et al., 2010
Bangladesh | Chittagong 648 Microscopy | 4.05 Alim et al., 2012
Bangladesh | Chittagong 2614 Retrospective| 0.80 Badruzzaman et al., 2014
study
Banglades | Hilly areas 47E Microscopy 16.6: Mohanta and Mondal, 20
Banglades! | Rangpu 40C Microscopy 1.5C Rahman et al., 201
Molecular
Pakista Qadiraba 10C Microscopy 18.0(C Chaudhry et al., 20:
PCR 29.00
Pakistan Islamabad 307 Microscopy | 0.65 Khan et al., 2004
and Attock
Pakistan Sargodha 350 Microscopy | 6.57 Atif et al., 2012
India Tamil Nadu | 2637 Microscopy | 1.00 Velusamy et al., 2014
India North eastern| 333 PCR 3.60 Laha et al., 2015
part
India Punjab 703 Microscopy | 1.56 Singh et al., 2012
Iran Kurdistan 6469 Microscopy | 2.10 Fakhar et al., 2012
Srilanka - 316 PCR 30.1 Sivakumar et al., 2012
Myanmar - 713 PCR 15.75 Bawm et al., 2016
Thailand Northern part | 700 ELISA 71.45 Iseki et al., 2010
IFAT 72.30
Malaysie - 10C IFAT 14.0( Rahman et al., 210
Italy Southern pa | 117 ELISA 23.1C Cringoli et al., 200
Philippine: Five province | 25C PCF 9.4( Yuetal., 201
Portuga Central anc | 40€ ELISA 65.5( Silva et al., 200
southern part PCR 62.50
Nigeria - 168 Microscopy | 9.50 Onoja et al., 2013
Gambia - 184 IFA 65.00 Kuttler et al., 1988
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2.3 Trypanosomiasis

Trypanosomiasis is caused by blood and tissue thgefirotozoan parasites of the
genusTrypanosomaand transmitted cyclically by the tsetse @Bfossina the most
common vector for trypanosomiasis (Fasanmi e28ll4). Trypanosomes can infect
all species of domesticated livestock includingleathroughout many of the tropical
and subtropical regions of the world. The diseaseharacterized by intermittent
fever, edema, occasional diarrhoea, abortion, dsexk fertility and emaciation. In
some instances, infected animals show no overssijmisease but can succumb if
stressed, for example, by work, pregnancy, milking adverse environmental
conditions (Lucking, 1988). The disease has negampact on overall profits of the
farmer by reducing the productivity of animals dydreducing the quality of animals,
lowering the feed conversion ratio and by eventiedth of the animal (Luckins,
1988).

2.3.1 Etiology

Trypanosomes are protozoan parasites of the génymanosomabelonging to the
family Trypanosomatidae. The most important tsdhgdransmitted trypanosomes
are Trypanosoma brucei, T. congolersed T. vivaxand cause diseasein cattle and
other ruminantsT. evansi the etiological agent of surra which is also knoas
“bayawak’or “higpit” infects numerous domestic awdd animals in warm climates
(Baticados et al., 2011]. theileri a large stercorarian trypanosome occurs extremely
rarely and has been reported to be present inecatil buffaloes in Bangladesh
(Samad and Shahid-Ullah, 1985).

2.3.2 Susceptible host range

Trypanosomes can infect all domesticated animétscal cases have been described
in cattle, sheep, goats, pigs, horses, camels andam The organism was also
detected from the wild animals can but generallyndd produce clinical form of
disease to them. They are the source (reservoimifettion for domestic animals
(Menon and Mathew, 2008). The effect of the trymamoiasis varies with the host.
African native humpless or taurine cattle (N'DarBapule) are known as naturally

trypanotolerant (Radostits et al., 1994).
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2.3.3 Transmission by fly vectors

Trypanosomiasis is an important disease of cattiehwis transmitted cyclically by
the tsetse flyGlossina (Fasanmi et al.,, 2014). There are 23 specie$loksina
belonging to different groups according to theiefprred habitats as forest species,
riverine species and savannah speclesevansiis mainly transmitted byrabanid
flies. In addition, the disease can also be trattsthimechanically by several blood-
sucking flies like stable flytomoxys calcitransbuffalo fly (Haematobiaspp.), deer
fly (Chrysopsspp.) and mosquitoes (Soulsby, 1982). Some repodisate that
mechanical transmission @f. vivaxand T. congolenseoccurred by various blood

feeding dipteran (Desquesnes et al., 2009a).

2.3.4 Geographic distribution

The geographical distribution of trypanosomiasig om abundance and infection rate
of vector, the livestock management system, thel lefzdrug resistance and drug use
in a particular area and the degree of livestodlesist to tsetse fly bites as well as to
trypanosome strains circulating in the area. TlseaBe occurs throughout the tropical
regions of Africa and in large areas of Asia andtBAmerica (Menon and Mathew,
2008). Geographical distribution @t evansiis continuous from the northern part of
Africa through the Middle East to South-East Adlegquesnes et al., 2013). vivax

IS an important trypanosome species that infeatattle herds in tropical areas of
Africa, Central America and South America (Osoérioak, 2008).T. theileri is
reported in cattle in Bangladesh (Samad and SHhaltdty, 1985).

2.3.5 Effect of climate change events

Global warming is thought to influence the epideoty of vector-borne diseases
like trypanosomiasis by altering pathogen and wedadevelopment rates and
generation times, shifting the geographical distitn of vector or reservoir host
populations, altering transmission dynamics or fyialj host susceptibility to
infection (Patz et al., 2000). The population dgnsf tsetse fly population in an area
and their interaction with the host will determitiee level of infection. Suitable
habitat like forest area favours the breeding efsts flies rather than agricultural and
industrial areas (Radostits et al., 1994).
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2.3.6 Immune mechanisms

Animals having exposure to one strain or speciesypfanosome are not immune to
infection with another strain or species. Thisug do variation in antigenicity among
different trypanosome species. Cattle breed weassifled into two distinct groups
based on the susceptibility tdrypanosoma infection. Trypanotolerant and
trypanosusceptible breeds of cattle have distinchtibady responses.
Trypanosusceptible cattle produce high titrepayspecific IgM but fail to produce
IgG to specific trypanosome antigens. In contrakhough T cell and macrophage/
monocyte responses of infected cattle are depresggtficant differences have not

been described between tolerant and susceptibdelbf cattle (Taylor, 1998).

2.3.7 Prevalence of trypanosomiasis around the gleb

Various parasitological and serological examinatiamcluding IFAT, agglutination
test, Complement Fixation test, Card Agglutinatitest (CAT), ELISA along with
molecular techniques like PCR, Reverse Line BldtERetc. have been attempted by
the researchers to determine the prevalence andcolat characterization of

trypanosomiasis in animals.

The overall parasitological prevalence of trypamossis globally varied from 0.18%
to 43.0%. Highest prevalence of trypanosomiasis/@® was recorded in Blue Nile
State of Sudan (through ELISA) and lowest prevade(z.13%) was recorded in
Thailand (through PCR and microscopy).

Although not comprehensively studied, few reporséehindicated the existence of
trypanosomes in domestic animals in Bangladesh. Vagy first report on
trypanosomiasis was recorded as merely 0.58% (fa8%attle wherd'. theileriwas
identified by morphological analyses (Rahman et H.82). In another study, the
same parasite species was reported by other igaésts (Samad and Shahid-Ullah,
1985). We are not aware of any other published rtepa trypanosomes in
Bangladesh to date. This requires further comprgkennvestigation using modern
DNA based diagnostic tools to detect and charatehis important protozoan. The
molecular study can be complementary to the micjeisanvestigation and may help

develop necessary prevention plan to combat tleetioi.

27



Table 2.4: Selected studies investigating the prevalence of yganosomiasis
reported from different countries. Different authors used different tools and sample
size varied in each study.

Country Regions Sample| Methods Percent References
size (n) | applied prevalence
Bangladesh Different parts 857 Microscopy 0.58 Ramet al., 1982
India Karnataka 215 Microscopy 6.90 Krishna Murthy et al.,
2014
India Punjab 703 Microscopy 0.28 Singh et al., 2012
India Madhya 97 Microscopy | 18.60 Agarwal et al., 2003
prodesh
India Northern 150 PCR 34.60 Nair et al., 2011
Kerala
Thailand Country wide | 1979 ELISA 25.00 Desquesties. £2009b
Philippines 145 PCR 0.13 Baticados et al., 2011
Luzon Microscopy | 0.13
Malaysia Johore 2229 Microscop 5.92 Cheah e 889
Tanzania Northern part| 239 Microscopy 5.00 Swailéadya, 2012
Spain Canary Island| 1228 Serology 5.00 Rodriguef 2012
South Africa KwaZulu- 473 Microscopy | 6.60 Gillingwater et al., 2010
Natal PCR 50.00
South Africa Hluhluwe- 60 PCR 5.00 Yusufmia et al., 2010
iMfolozi Park RLB
Nigerig North- Centra | 637 Microscopy | 2.8C Kamani et al., 201(
Nigeria Kaduna State| 1293 Microscopy 8.40 Enwerai.e2009
Sudan Blue nile statg 210 | Microscopy | 43.00 Salim et al., 2011
141 PCR 56.70
Kenya Busia 2773 PCR 11.90 Von wissmann et al.12
Ethiopia Oromia 388 Microscopy | 12.40 Fentahun et al., 2012
Region
Senegal Western 1141 Microscopy 2.40 Seck et@10 2
Cameron Western 83 CATT 16.82 Lako et al., 2010
Uganda Eastern 203 Microscopy | 8.90 Jing et al., 2009
203 ELISA 45.30
Peru Lima and 303 PCR 4.15 Mekata et al., 2009
Pucallpa
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2.4 Toxoplasma gondii
2.4.1 Brief History

Toxoplasma gondivas first discovered by Nicolle and Manceaux ident. In the
same year Splendore independently discover sipdeasite in rabbit (Dubey, 2008).
The importance of. gondiiwas highlighted when it was proven that it is mspble
for storm of abortion in sheep in 1957 (Dubey, 2008 the year 1970, sexual stage
life cycle of T. gondiiwas discovered in the small intestine of cat (Bu008;
Jackson and Hutchison, 1989). Gold standard secalbdest for detection of
antibody of T. gondiiwas described by Sabin and Feldman in 1948 (Dub@8).
First molecular test, PCR for specific detectiontted organism usin®1 gene was

developed soon (Burg et al., 1989).
2.4.2 Etiology

Toxoplasmosis is an important disease caused bglitigate intracellular protozoan
namedT. gondii (Barakat et al., 2009; Tenter et al., 200D).gondii belongs to the
phylum Apicomplexa, class Protozoa, order Eucoegcitiamily Sarcocystidae and
genusToxoplasmgKim and Weiss, 2004; Webster, 2010pxoplasma have many
strains and are grouped into three genetic typdkghd IIl). Type I is highly virulent
in mice, type Il is the most common type in pesidly infected animals (sheep and
goats) and type lll is defined as avirulent str&ftinical human infections are more
often associated with type Il strains (Sibley, 2008is one of the most common and
important parasitic zoonotic disease in all over torld (Dubey, 2007)T. gondii
infects as wide range of animals including mamnaald birds (Negash et al., 2004).
The infection in animals usuallyoccured by ingestaf raw or undercooked meat
containing viable tissue or by ingesting food ortevacontaminated with sporulated

oocysts form faeces of infected felids (Dubey, 2Bdbremedhin and Gizaw, 2014).
2.4.3 Transmission

In the life cycle of T. gondii along with the sporulated oocysts (containing
sporozoites), tachyzoites and bradyzoites ar¢hitee infective stages responsible for
infection in both intermediate and final host (Teen2009). Final host get infection by
ingesting bradyzoite containing tissue cyst. Shaeg goat which are intermediate

host of T. gondii get infection by ingestion of oocyst containingstie or food or
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drinking water contaminated with sporulated oocysied occasionally by
transplacental transmission (Radostits et al., 20@hter et al., 2000). The most
important source of. gondiiinfection for sheep and goats that kept in pastitbe
oocysts shed by cats in their faeces (Blewett arats@h, 1982). Transplacental
transmission is also an important route of infattio animal (Mamidi et al., 2002).
The available report indicate that <2% of sheepbercongenitally-infected with.
gondii, and less than 4% of persistently infected sheapsimit it to the next
generation (Buxton et al.,, 2007; Dubey, 2009; Hgfaal., 2010). Congenital
transmission occurs when female animal get infactioring pregnancy and it cross
the placenta and multiply in fetal tissues (Ahmadle 2015). Isolation ofT. gondii
from the semen of experimentally infected male daté that it also transmitted by
coitus in sheep (Lopes et al., 2009) and goats épand Sharma, 1980). Human can
get infection by consumption of raw or undercookszht (Kijlstra and Jongert, 2008)
while in exceptional cases it may also be transuitby consumption of dairy
products (originating from sheep and goats) (EFZX)7) and occasionally by blood
transfusion (Samad et al., 1997).

2.4.4 Risk factors ofToxoplasma gondii in small ruminants

Limited epidemiological information regarding capgiand ovine toxoplasmosis risk
factors are available in literature. Among smathimiant, sheep had relatively higher
prevalence than goats (Gebremedhin and Gizaw, 20i4nay be due to the
differences in feeding habits since sheep are rikedy to get infection from the
pasture as they graze close to the ground thars gulaith prefer browsing. One
study showed that sheep has higher prevalencegthait but have no significant

association between them (Tzanidakis et al., 2012).

Age of the animals was positively associated withe tseroprevalence of
toxoplasmosis in sheep and goat. Adult animalsdwadparatively higher prevalence
of toxoplasmosis infection compared to young angnfAhmad et al., 2015; Ramzan
et al., 2009; Rossi et al., 2011). It is due toosxpe of adult animals to the risk
factors for longer period of time than the youngaes (Van der Puije et al., 2000).
But there is also exception that there was no Bogmt difference between age group

of less than one year of age and more than oneageain goat (DjoKi et al., 2014)
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There were so many research reports which inditetefemale sheep and goats are
more susceptible than malesToxoplasmanfections (Ahmad et al., 2015; Alexander
and Stimson, 1988). It may be explained by the fhat immunity in females is
reduced by various factors such as pregnancy tioatiand lactation (Messingham et
al., 2001). Although there are so many publishednts they reported that there were
no significant correlation betweemoxoplasmainfection and the gender of the
animals (Cavalcante et al., 2008; Gebremedhin anaw; 2014).

Cats are the definitive hosts of the parasite dagl p vital role in infecting other
animals by shedding oocysts in the environment ¢sogt al., 2010). Presence of cat
specially the free roaming cats increase the riskansmission of the infection in
animals. Cats increase the oocysts load on neasiyifes resulting in contamination
of environment. These oocysts when ingested aloitly feod and water result in

postnatal infection.

There were so many available reports that preseficeat plays a vital role in

transmission of toxoplasmosis in sheep and goatn@khet al., 2015; Lopes et al.,
2010). The number of cats in the farm premises pllags a role in epidemiology of
toxoplasmosis. It was reported that greater risknééction was observed in farms
with more than 10 cats was presence in farm (Cawngdcet al., 2008). Similarly there
were so many report that cat were not influenciagtdr in the prevalence of

toxoplasmosis in sheep and goats (Gazzonis &(dlS)

The prevalence of toxoplasmosis was comparativigligeln in animals that are reared
in unhygienic condition compared to that rearetlygienic condition. If the feed and
water were contaminated with cat faeces it incredBe risk of diseases. Using of
public supply water (Tzanidakis et al., 2012) arghage of outdoor water source
(Ahmad et al., 2015) in the farm is an importask ffiactor of toxoplasmosis. Types of
feeding trough used in the farm were also an ingpartactor in the epidemiology of
toxoplasmosis. Using of wooden trough increasesritie of Toxoplasmainfection
(Cavalcante et al., 2008).

2.4.5 Prevalence oT oxoplasma gondii in small ruminants around the world

Different types of serological methods (such as3A,|I DAT, MAT, LAT, IFAT,
IHA, IHAT and IFA) were used to evaluate the seawalence ofl. gondiiin sheep
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and goats. The reports indicate a wide variatiothénprevalence of toxoplasmosis in

different continents and are summarized below @&, 2.6, 2.7 and 2.8).

The seroprevalence of toxoplasmosis in Asian c@straries from 2.50- 69.00% and
5.10-61.00% in sheep and goats respectively. Applggrdower prevalence was
observed in countries like Korea, China, while ghler prevalence was observed in
countries like Indonesia, Saudi Arabia, Malaysid &angladesh. However, in India
and Pakistan the prevalence varied from regiore¢pon where variable prevalence
was recorded. In Bangladesh only few studies weomducted in central
(Mymensingh) and northern part (Rajshahi) of thentry. The prevalence ranged
from 12.09 -61.00% and 17.65-69.00% in goats amreshiespectively. Notable that
in all these studies, the prevalence of toxoplassnos sheep was comparatively
higher than in goats (Samad et al., 1993; Shahanan et al., 2011).

In Africa, a huge variation in prevalence was obsdramong different countries.
Preliminary literature review from African countsi€¢Table 2.6) suggests an overall
prevalence ranging from 6.70-74.80% and 4.60-98.4DP6sheep and goats
respectively. No statistically significant relat&mps between sheep and goats were
revealed and susceptibility might be associated wlite species of the host. A
relatively higher prevalence was observed in coemtike Tunisia, Sudan, Libya and

Ethiopia whole lower prevalence were recorded igefia, Nigeria and South Africa.

A similar observation was reported in European twes regarding the prevalence of
toxoplasmosis in small ruminants. The prevalenceyed from 17.00-73.40% and
19.00-87.4% in goats and sheep respectively. Applgrdrigher prevalence was
recorded in countries like Serbia, Poland, Belgi&nance and Romania while lower
prevalence of toxoplasmosis was recorded in Scami@in countries like Sweden,

Finland and Norway.

In other parts of the world excluding Asia, Afriaad Europe the overall prevalence
ranged from 15.2-59.0%. The higher prevalence wesemved in Caribbean islands
and most parts of Brazil while lower prevalence waserved in Mexico and some

parts of Brazil.
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Table 2.5:Selected studies investigating the prevalence aixoplasmosis in small
ruminants in Asia. Different authors used different serological toat&l sample size
varied in each study.

Country Regions Animal | Sample | Methods | Percent References
species | size (n) | applied | prevalence
Bangladesh Mymensingh Goats 528 LAT 12.88 Samatl,e1997
Bangladesh Mymensingh Sheep| 17 LAT 17.65 Samad et al., 1993
Goats | 306 LAT 12.09
Banglades Mymensing! Shee| 25 LAT 40.0( Shahiduzzaman et al., 2(
Goats | 25 LAT 32.00
Bangladesh Rajshahi Goats 145 ELISA 55.10 Rahmah,&t015b
Bangladesh Rajshahi Sheep| 83 LAT 69.90 Rahman et al., 2014b
Goats 146 LAT 61.00
Pakistan Northern Goats | 419 ELISA 14.32 Ahmad et al., 2015
Punjab Sheep | 413 ELISA 18.16
Pakistan Mardan Sheep | 290 IHA 44.13 Shah et al., 2013
Goats | 350 IHA 42.28
Pakistal Punjal Shee| 10C LAT 11.20 Ramzan et al., 20!
Goats 100 LAT 25.40
Pakistan South-East Sheep | 40 LAT 2.50 Zaki, 1995
Pakistan Goats 58 LAT 0.00
India Northern part Sheep | 1227 IHA 25.30 Chhabra et al., 1985
Goats | 961 IHA 30.30
India Punjab Sheep 186 ELISA 3.76 Sharma et a820
India - Sheep | 40 LAT 25.00 Mirdha et al., 1998
Goats 107 LAT 19.60
India - Shee| 60 ELISA 50.0(C Singh et al., 201
Goats | 63 ELISA 41.26
Iran East Azerbaijan Sheep| 101 ELISA 24.80 Moazeni Jula et al., 2013
Goats | 85 ELISA 10.60
Iran South eastern | Sheep | 562 MAT 24.70 Bahrieni et al., 2008
Iran Goats 778 MAT 15.80
Kuwait - Sheep 528 IHAT 17.80 Alazemi, 2014
Iraq Erbil Sheep | 259 LAT 25.40 Kader and Al-Khayat, 2013
Goats | 88 LAT 28.40
Myanma Central region | Goatt 11¢ LAT 11.4( Bawm et al., 201
Ching Yunnar Shee| 154 IHA 17.6( Zou et al., 201
Goats | 392 IHA 9.70
China Jinzhou Sheep | 402 MAT 17.90 Xu et al., 2014
Goats | 216 MAT 14.80
Korea Goats 610 ELISA 5.10 Jung et al., 2014
Libya Different Sheep 5806 LAT 71.0 Al-Mubarak et al., 2013.
regions
Saudi Arabia | - Sheep | 891 IFAT 36.40 Alanazi, 2013
Goats | 555 IFAT 35.30
Saudi Arabii | Najrar Shee| 85 IFAT 43.50 Mosa et al., 201
Goats | 88 IFAT 31.80
Malaysia - Goats 200 IFAT 35.50 Chandrawathanl.e808
Thailand Satun Goats 631 LAT 27.90 Jittapalapora).eP005
Indonesia Lampung Goats 160 LAT 47.50 Matsuo ansitj1996
Palestin Northern Goat: 151 ELISA 13.4( Othman and Alzuheir, 20:
Palestine
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Table 2.6 Selected studies investigating the prevalence twxoplasmosis in small
ruminants in Africa. Different authors used different serological toalsd sample
size varied in each study.

Country Regions Animal | Sample | Methods | Percent References
species | size (n) | applied Prevalence
(%)
Ethiopie Central Sheeg 30E DAT 20.0¢ Gebremedhin et al
Ethiopia Goats 323 DAT 15.48 2014
Tunisie Southeri Sheeg 204 MAT 40.2C Lahmar et al., 201
Goats 32 MAT 34.50
Algeria - Sheep | 276 IFAT 11.59 Dechicha et al., 2015
Goats 108 IFAT 13.21
Ethiopia Southern Goats 641 MAT 74.80 Teshale et al., 2007
and central
Tanzanii Southeri Goats 337 LAT 19.3( Swai and Kaaya, 20.
Nigeria Bornc Sheeg 372 ELISA 4.6(C Kamani et al., 201c
Goats 372 ELISA 6.70
Ghan: - Sheeg 732 ELISA 33.2( Van der Puije et al
Goats 526 ELISA 26.80 2000
Uganda - Goats 784 ELISA 31.00 Bisson et al. 0200
South Western Sheep 292 ELISA 8.00 Hammond-Aryee et
Africa Cape al., 2015
Sudan Khartoum Sheep 80 LAT 57.50 Khalil and g
2011
Libya Different Shee| 580¢ LAT 71.00 Al-Mubarak et al.
regions 2013
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Table 2.7:Selected studies investigating the prevalence aixoplasmosis in small
ruminants in Europe. Different authors used different serological toalsl sample
size varied in each study.

Country | Regions Animal | Sample | Methods | Percent References
species | size (n) | applied | Prevalence
Italy Lombardy | Sheep | 505 IFAT 59.30 Gazzonis et al., 2015
Goats | 474 IFAT 41.70
Italy Tuscany Sheep 630 IFAT 38.62 Cenci-Gogd.epa13
Greece - Sheep | 1501 ELISA 48.60 Tzanidakis et al., 2012
Goats | 541 ELISA 30.70
Spain Southern Sheep | 503 ELISA 49.30 Garcia-Bocanegra et al.
Goats | 494 ELISA 25.10 2012
Belgium | - Sheep 3170 ELISA 87.40 Verhelst et2014
Serbia - Goats 431 MAT 73.30 Djokic et al., 2014
Norway | - Goats 2188 DAT 17.00 Stormoen et al., 201
Turkey Istanbul Sheep 181 ELISA 31.00 Oncel andal/ 2006
Bulgaria | Stara Sheep | 380 IHAT 48.20 Prelezov et al., 2008
zagora Goats 364 IHAT 59.80
Czech - Goats 251 ELISA 66.00 Bartova and Sedlack, 220
Republic
France Haute- Sheep 257 DAT 43.80 Dumetre et al., 2006
Vienne
Poland Pomerania| Sheep 1646 ELISA 55.90 Holec-Gasia., 2015
Portugal | Northern | Sheep | 119 MAT 33.60 Lopes et al., 2013
Part Goats 184 MAT 18.50
Romania | 4 historical| Goats 735 ELISA 52.80 lovu et al., 2012
areas
Finland Nation Sheep 1940 DAT 24.60 Jokelainen et al., 2010
wide
Sweden | - Sheep 704 ELISA 19.00 Lunden et al., 1991
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Table 2.8:Selected studies investigating the prevalence ofxtmplasmosis in small
ruminants in different parts of the world. Different authors used different
serological tools and sample size varied in eaathyst

Country Regions Animal | Sample | Methods | Percent References
species | size (n) | applied prevalence
Brazil Ceara Goats 2362 ELISA 25.10 Cavalcantd.e2008
Brazil Gurguéia Sheer 374 ELISA 48.70 Rego et al., 201
microregion | Goats 580 ELISA 40.50
Brazil Santa Goats 654 IFA 33.0z De Moura et al., 201
Catarina
West indie | St. Kittsanc | Sheep | 11€ ELISA 26.C0 Hamilton et al., 201
Nevis Goats 66 ELISA 34.00
Caribbear | Dominica, Sheer | 30& ELISA 59.(0 Hamilton et al., 201
Island Grenada, Goats 442 ELISA 52.90
Montserrat,
St. Kitts and
Nevis
Mexico Michoacéan Goats 341 MAT 15.20 Alvarado-Esquivel et al., 20113
State

2.4.6 Molecular studies on toxoplasmosis in aborteghimals

Several molecular studies using the different fétsdues and placenta of aborted
ovine and caprine samples have been reported fifigretht countries (Table 2.9).
Most of these studies were based on targeting Tiheoplasma Blgene and
considered to be highly sensitive and reliableatedting the protozoa. However few
studies were based on targeting other gen@®xdplasmancluding18SrRNA, ITS-1
and18S-5.8S ITS:1

Diagnosis of toxoplasmosis from different tissusgsts need careful sample collection
and processing steps. The success ral@xdplasmadiagnosis also varies according
to type of fetal tissues and placenta from whereADMNIl be extracted for molecular
studies. However, previously published reports ssgghat the most preferable
samples for toxoplasmosis would be fetal brainsthead placenta in small ruminants
(Moazeni Jula et al., 2013; De Moraes et al., 2011)
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Table 2.9:Selected molecular studies on toxoplasmosis in atted sheep and
goats.Researcher uses different target genes and tissoples for PCR and nested
PCR assays.

Country | Animal | Target Types of | Type of tissue Detection | References
Species | gene PCR rate (%)
Iran Shee| B1 Nested Brain (37 54.(0 Danehchin et al., 20:
Iran Sheep | 18SrRNA| Nested Brain (13) 69.00 Moazeni Jula et al., 2013
goats , ITS-1 Cotyledon (13) 23.00
Blood (34) 14.70
Iran Sheep | Bl Nested Fetal tissues (18) 66.67 Habibi et al.2201
Italy Sheep | ITS-1 Nested Placenta (142) 3.52 Chessa et al., 2014
Brain (16) 87.50
Liver (3) 66.67
Italy Sheep | 185-5.8S| Nested Fetal sample (2471))11.10 Masala et al., 2003
goats ITS1 Fetal sample (362) | 6.40
Nigerie Sheer | 1855.8S | Single Brain (76 0.0C Kamani et al., 201a
Goats rRNA tube Liver (70) 0.00
ITS1 nested Lung (76) 0.00
Hearts (65) 0.00
Placenta (40) 0.00
Egypt Sheep | Bl Nested Sheep (8) 100.00 Ahmed et al., 2008
Goats Goats (4) 100.00
Jordal Sheer | Bl Simple Fetal tissues (10 29.2¢ Abu-Dalbouh et al., 201
Goats Blood (149) 30.20
Brazil Sheep | Bl Nested heart+ Placenta 100.00 De Moraes et al., 2011
Brain +Liver 80.00
+Lung+ Spleen
Medulla 60.00
+Cerebellum
Spain Sheep | ITS-1 Nested Sheep (74) 5.40 Moreno et al., 2012
Goats Goats (26) 3.84

37




CHAPTER-3

Study on prevalence, molecular identification and ltaracterization of
Anaplasma infection in cattle in selected hilly, coastal angblain areas
of Chittagong Division in Bangladesh
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Study on prevalence, molecular identification and lsaracterization of
Anaplasma infection in cattle in selected hilly, coastal angblain areas
of Chittagong Division in Bangladesh

3.1 Abstract

Bovine anaplasmosis is an important haemoparatigease of farm animals caused
by Anaplasmaspp. Although reported from all over the world,ist common in
tropical and subtropical countries including Bawgish. The present study was
conducted in selected hilly, coastal and plain agaBangladesh to determine the
comparative prevalence and risk factors along witblecular characterization of
Anaplasmaspp. During this study, classical microscopic teghe (through Giemsa
stained blood smear examination) revealed a tdt#.21% cattle (n=1680) were
found positive (n=138) foA. marginaleinfection. The prevalence of anaplasmosis in
the hilly area was 9.33% (56 out of 600); in thastal area it was 9.00% (54 out of
600) and in the plain area it was 5.83% (28 out8§f). Further analyses revealed that
the prevalence ofnaplasmaspp. was higher (P>0.05) in crossbred cattle when
compared to local cattle. Considering the seaspnavalence, the infection was
significantly higher (P<0.05) in winter (11.09%)lltaved by rainy (7.13%) and
summer (6.43%). Again, animals aged between 18-@&tims were found to be more
susceptible to anaplasmosis than other age grodpsals kept on un-cemented
floor (mati floor/ soil floor) were more prone tmaplasmosis than the animals that
are kept on partially-cemented and cemented fleak4 floor). The prevalence of
anaplasmosis in this study was found somewhat hightemale animals than male
animals but this was statistically insignificante\@ttempted using modern molecular
tools and fifty randomly selected (microscopicalbsitive) samples were analysed by
PCR. After amplification ofLl6SrRNAgene, 80% (40 out of 50 samples) of the
samples were confirmed as positive formarginaleinfections. Besides, all these 40
positive samples were further amplified using poegly described primer diiSP4
gene. Further sequencing of representative samaplphylogenetic studies revealed
that all the isolates of this present study wersely related to the isolates already

reported from Argentina, Australia and China.
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3.2 Introduction

Livestock is an integral component of the complexring system in Bangladesh as it
is not only a source of animal protein but also @ansource of draught power as
well as employment (Rahman et al., 2014a). The ymtty of animals in
Bangladesh is greatly hampered by haemoparasg&ades including anaplasmosis.
Moreover the agro-ecological and geo climatic cbads of Bangladesh are highly
favorable for growth and multiplication of diffeewectors likes ticks which playan
important role in the transmission of the anaplaam@Chowdhury et al., 2006). The
prevalence of anaplasmosis in cattle has been tegpdrom different areas of
Bangladesh (Alim et al., 2012; Samad et al., 1$88¢liki et al., 2010) over the years.

Bovine anaplasmosis (BA) is an important hemoptcadisease of cattle caused by
the rickettsial organism of the genusnaplasma (Order Rickettsiales, Family
Anaplasmataceae) (Kocan et al., 2004). The diseasdmracterized by fever, weight
loss, decreased milk production, pale mucus menelstasevere anemia, jaundice,
brownish urine, hyper- excitability abortion and madity without showing any sign
of hemoglobinemia and hemoglobinuria during acutemf of the anaplasmosis
(Richey and Palmer, 1990). Among all different seg@\. marginaleis responsible
for significant economic losses in the livestoc#ustries around the world including
Bangladesh, as it confers high morbidity and miytadf animals (Kocan et al.,
2003).

Epidemiological investigation, which is a preredeif prevention and control of a
disease, largely relies on efficient diagnosis lfold parasites. There are several
diagnostic methods recommended for the diagnos@aplasmosis such as classical
Giemsa stained blood smear examination, serologesis and molecular test. In
acute phase of disease the organism are easilgtaletee in Giemsa stained blood
smear (Farias, 1995) however in carrier animais ahronic stage it is quite difficult
to detect. On the contrary, molecular technique sas polymerase chain reaction
(PCR) based approach have been developed with seghitivity and specificity
(Corona and Martinez, 2011; Palmer et al., 198@¥li&, many researchers used
PCR, targeting single or multiple species spegiéines, to determingnaplasmaspp.

In case ofA. marginale the amplification and detection &6SrRNA(Zhou et al.,

2010), heat-shock protei(groEL) (Lew et al., 2003) andhajor surface protein
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(MSP) (Molad et al.,, 2004) gene was found effectineprevious studies. Major
surface proteinsMSP) gene ofA. marginalewas categorized into six group based on
their further characterization details (Kocan et 2010). Among six major surface
proteins, MSP5 MSP4 and MSPla have been frequently used for molecular
characterization ofA. marginale(Aubry and Geale, 2011MSP4 genes have been
used for phylogenetic studies providing informatmnbiogeography and evolution of
Anaplasmaspp. In this experiment we used routine parasitoddgexamination of
peripheral blood along with molecular techniquess@a on PCR amplification @bs
ribosomal subunigene andMSP4gene) to identify positive cases of anaplasmasis i

study areas and to perform further genomic andggeyietic analyses.
The present study was undertaken with the follovabgectives:

1. To determine the prevalence and risk factors opkasanosis in hilly, coastal
and plain area of Chittagong division.
2. To achieve molecular identification and phylogemetnvestigation of

identified Anaplasmaspp.
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3.3 Materials and Methods

3.3.1 Description of study areas

The study was conducted in the hilly and the cdamteas of 4 different southern
districts of Bangladesh. These include Chittagorejrbpolitan area (the plain area),
Bandarban sadar and Ruma Upazilla of BandarbamictisRangamati sadar and
Kaokhali upzilla of Rangamati district (the hillyem); Noakhali sadar Upazilla and
Suburnochar upazilla of Noakhali district and Lagmni sadar and Ramgoti upazilla

of Laxmipur district (the coastal areas).
3.3.2 Study periods

The study was conducted for a period of 12 monfi®e field works started in
January, 2013 and ended in December, 2013 andotakeperiod was divided into
viz., i) winter (November to February), ii) sumn{#&tarch to June) and iii) rainy (July
to October).

3.3.3 Target animals

Holstein Friesian (HF) crossbred and local caf®ed Chittagong /Indigenous/Non-

descript) were selected as target animals.
3.3.4 Target sampling

Blood samples were collected at one point of eweonth from each selected areas.
Samples were collected from different age groupmnfboth sexes and from the
Holstein Friesian crossbred and local cattle ineghrconsecutive seasons. A
guestionnaire (Annex -1) was used to record relewvdormation comprising owner’s

name and address, animal Identification (ID), fesire, breed, age, sex, housing
history and farmer’s economic status etc. Farmegsnomic status were categorized
into viz i) Poor ii) Moderate and iii) ultra poddousing history was treated as floor

type and categorized into paka (cemented) and(swit) floor.
3.3.5 Sample collection

Blood samples were collected during the study jpeaod individual animal was
considered as a sampling unit. About 3-5ml of geeial blood was collected from

the jugular vein in vials containing EDTA (7.2 md)he vials were carried to the
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Parasitology laboratory of Chittagong Veterinaryd alinimal Sciences University
(CVASU) in a cool box and kept in refrigerator &CA4until further use. During
examining the samples, two thin blood smears weepgred and subsequently air-
dried and fixed by 100% methyl alcohol for 3-5 miihe prepared thin blood smears
was stained with the Giemsa stain and allowed &y $br 25-30 min following
previously described methods. After rinsing witmming tap water, the stained blood
smears were air-dried and examined under binoauiaroscope (1000X) for the
identification of blood parasites (Urquhart et 4B96).

3.3.6 DNA extraction

Total genomic deoxyribonucleic acid (JDNA) was exted from the whole blood
samples by using PCI method (Barbaro et al., 2084iefly, the frozen blood
samples were first thawed and 50ul of blood waseddo a microcentrifuge tube
containing 500ul of Lysis buffer (100mM Tris Hcl @45-5ml + 0.5M EDTA - 0.5ml
+ 10% SDS -1ml +5M NaCl-2ml ). Later, 50ul of 10%S was added and mixed
thoroughly for few min prior tothe addition of 3pt proteinase-k. The buffers were
mixed thoroughly by inverting the micocentrifugebéu for few min. Later the
centrifuge tubes were incubated at 56°C for 30 mihot water bath followed by
incubation with equal volume of PCI (Phenol: Chform: Isoamyl alcohol (25:24:1).
The mixing was aided by vortexing for few min. Afentrifugation of the mixtures
for 10 min at 12,000 rpm, upper aqueous layer warefally removed to a new
sterilized microcentrifuge tube. Then an additioB80ul of Chloroform: Isoamyl
alcohol (24:1) solution was added with the uppeueags solution and mixed
thoroughly by repeated inverting for few min. Fenttcentrifugation at 12,000 rpm
for 10 min wasdone followed bythe removing the uppgueous layer in a fresh
sterilized microcentrifuge tube. Chilled absoluthamol was added to double the
volume and sample was left at -20°C for overnightprecipitation of genomic DNA.
On the following day, the mixture was centrifugedL@,000 rpm for 10 min and the
supernatant was decanted carefully to retain ttietpd@o the pellet, 500ul of 70%
ethanol was added and centrifuged at 13,000 rpri@Ganin and the supernatant was
removed to collect the pellet. The pellet was Keptair dry under laminar air flow

and later resuspended in nuclease free water aretisn -20°C for further use.
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3.3.7 DNA amplification

The diluted DNA template was transferred into PQBet and the reaction volume
contained 12.5ul of GoTaqg® G2 hot start green mastex (2X Green
GoTag®Reaction Buffer (pH 8.5), 4001 dATP, 40QM dGTP, 40@M dCTP,
40QuM dTTP and 4mM MgCI2), 1.5ul of each primer pait® (picomole), 2ul of
template and 7.5pl of nuclease free water. PCR ifiogpion was carried out using a
2720 thermal cycler (Applied Biosystems, USA). Tentify the Anaplasmaspp.
from DNA samples PCR amplifications were perfornedthe following thermal

conditions:
3.3.7.1 Amplification of 16S ribosomal sub unit gene

An initial denaturation at 94°C for 5 min, follodeby 35 cycles consisting of
denaturation at 94°C for 1 min, annealing at 598C1f min, and extension at 72°C
for 1 min. The mixture was examined for the preseoicDNA fragment by loading
5ul of PCR product into each well of 1.5% agaros¢ gtained with Ethidium
bromide. A 100bp plus DNA ladder was included indwe first well. The
electrophoresis was run for 30 min at 130 volts #redgel was visualized under UV

illumination.
3.3.7.2 Amplification ofMSP4 gene

Only positive sample ta6S ribosomal subungene were amplified by usingSP4

gene primer and thermal profile were given as below

An initial denaturation step at 94°C for 5 min wallowed by 30 cycles at 94°C for
30s, 55.5°C for 30s and 72°C for 45s with a findeasion step of 72°C for 5 min.

Table 3.1:Details of the primers used for amplification of gee fragments of
Anaplasma sp.

Target Primer Sequence Amplicon References
gene name size (bp)
16SrRNA | AE-F 5-AAGCTTAACACATGCAAGTCGAA-3' | 1406 Oh et al., 2009

AE-R 5-AGTCACTGA CCCAACCTTAAATG-3'

MSP4 AM-F 5-TTGTTTACAGGGGGCCTGTC-3' 831 Ahmadi-Hamedani
AM-R 5'-GAACAGGAATCTTGCTCCAAG-3' et al.. 2009
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3.3.8 PCR products purification

Amplified DNA products after each PCR run was padfusing commercial PCR
purification Kit (Favorgen, Korea®). The procedufeowed were as described by
the manufacturer. Briefly, with 40 of PCR product 5 volumes of FADF buffer
(supplied with the kit) was added and mixed thotdudy vortexing. The mixture
was then transferred to a FADF column and centedudor 1 min and the flow
through was discarded. Now 4B®f wash buffer (supplied) was added to the column
and later centrifuged for 1 min. After discardirtge tflowthrough the column was
centrifuged again for 3 min to dry and placing oratnew microcentrifuge tube. Forty
microlitre of elution buffer (10 mM Tris-HCI, pH 8) was then added to the column
and after incubating at room temparature for 2 thencolumn was centrifuged for 2
min to collect the eluted DNA. The purified DNA wHten measured by fluorimeter
for concentration ((@/ul) before sending for DNA sequencing through conuiar

sources.
3.3.9 DNA Sequencing

Purified PCR products were sent for sequencing dimyroercial suppliers (Bioneer

Corp, South Korea) Sanger sequencing methods.
3.3.10 Phylogenetic analyses

Once the sequences were available from the suppliee sequences were initially
checked using a BLAST sequence similarity searcbutih NCBI (the National
Center for Biotechnology Information: http://blastbi.nlm.nih.gov/Blast.cgi)
website. By the BLASTN homology search the nuctimsequences were determined
that is corresponding witlA. marginale sequences published in GenBank. The
multiple alignment analysis was performed using @hestal W program (Thompson
et al., 1994) while the phylogenetic analysis wasfggmed by Neighbor joining
method (Saitou and Nei, 1987). The evolutionaryatises were computed using the
p-distance method (Nei and Kumar, 2000) using thHeGW software, version-5
(Tamura et al., 2011). The tree stability was ested by a bootstrap analysis for
1,000 replications (Felsenstein, 1985).
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3.3.11 Statistical analysis

The obtained information was imported, stored armdied accordingly using
Microsoft Excel-2003 to STATA/IC-11.0 (Stata Corption College Station, TX,
USA) for analysis. Descriptive statistics was esgesl as proportion with confidence
interval. The results were expressed in percentétie P-value for chi-square test.

Significance was determined when P<0.05.
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3.4 Results

3.4.1 Parasitological examination

The present study was designed to analyze sampbes #ifferent geographic
locations in southern Bangladeshi Division, Chittiag. A total of 1680 whole blood
samples (600 from each of hilly and coastal arewb 480 from plain areas) were
collected from cattle randomly irrespective of tHmical signs. Using conventional
blood smear examination, it was observed that 18&vound positive (out of 1680
cattle) forA. marginaleinfection with a prevalence rate of 8.21%. Orgarsisn blood

smears appeared as spherical dot like bodies thdatgeriphery of the infected
RBCs (Fig-3.1). Further observation based on origih samples indicated
considerable variations among the prevalence gblasmosis in different geographic
areas (Fig-3.2). The prevalence of anaplasmosgiseimilly area was 9.33% (n= 600)
while in the coastal areas, it was 9.00% (n= 60@) & the plain areas 5.83% (n=
480). However these variations indicated no sigaift differences in these

observations.

Fig 3.1: Representative figure from Giemsa- stained thin lbod smearindicating
A. marginalelocated inside the RBCs (Arrow) X100.
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Fig 3.2: Area-wise prevalence of anaplasmosi@Here X axis indicates the study
areas and Y axis indicate the prevalence). Theaggaee was observed higher in hilly
area in compared to coastal and plain area.

The study also attempted to identify the associabibdifferent categorical variables
such as season, breed, age, sex; cattle shedctegory and economic capacity of
the animal owners with the incidence of anaplassnfBable 3.2). The data analyses
revealed higher (P>0.05) prevalence Arfaplasmaspp. in crossbred cattle when
compared to local cattle. Considering the seasoo@lirrence, the disease was found
significantly higher (P<0.05) in winter comparedr&ny and summer seasons. When
considering the age of animal, it was found thastraf the Anaplasmainfection
occurred in age of 18-30 month (Fig. 3.3). Animiadpt on un-cemented floor (soil
type/ mati floor) seem to be more susceptible taptasmosis than the animals that
were kept on partially-cemented and cemented fi&aka floor). Again, female
animals were found more susceptible than male eopatts but the difference was
not statistically significant. No specific signifiot difference was found based on
animal owner's economic condition that may relatethte variable prevalence of

anaplasmosis in three different groups.

48



Table 3.2:Association of different categorical variables withthe incidence of
anaplasmosis (by using Chi-square testyyhere significantly higher prevalence was
recorded in winter season.

Variables Categories (N) Prevalence

Seasor Summer (560 6.4%(36)
Rainy (561) 7.13 (40)
Winter (559) 11.09 (62)***

Sex Male (400) 6.50 (26)
Female (1278) 8.75 (112)
Poor (523) 8.41 (44)

Ultra poor (70) 5.71 (4)
Paka (1011) 7.42 (75)

Floor Mati (669) 9.42 (63)
Cross (455) 9.23 (42)
Breed Local (1225) 7.84 (96)

*** Significance at P<0.01
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Fig 3.3:Box plot showing association between anaplasmosigth age [where zero
“0” indicate negative and “1” indicate positive tmnaplasmosis. The box plot
indicates that 50% of infected animals were withi& age group of 18-30 months].
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3.4.2 Molecular examination

Molecular techniques such as PCR were applied nolomaly select 50 positive
animals to parasitological examination based onl®rRNAof Anaplasmagene.
The positive sample on agar gel electrophoresisgisgn a clear band of 1406 bp
(fig 3.4). Out of 50 samples 40 were found positisemolecular examination and
give an incidence rate of 80%. Again molecular reghes applied to all positive
samples tol6SrRNAusing MSP4 gene amplification and gives positive result on
831bp (fig 3.5).

1500 bp 1406 bp
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Fig 3.4: Amplification of the genomic DNA of A. marginale from blood of cattle
by using 16S5rRNA gene Lane M is for 100 bp plus DNA ladder; N is forgagive
control; Lanes 1-8 is suspected samples; Lanes4l,,33 and 7 having amplicons of ~
1406 bp indicated presenceAfmarginaleorganisms.

1413 12 11 10 9 8 7 6 5 4 3 2 1 N M

831 bp 500 bp

100 bp

Fig 3.5: Amplification of the genomic DNA of A. marginale from blood of cattle
by using MSP4 gene.Lane M is for 100 bp DNA ladder; N is for negatizentrol;
Lanes 1-14 is suspected samples; Lanes 1, 2,7315,having amplicons of 831 bp
indicated presence @& marginaleorganisms.
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3.4.3 Phylogenetic analyses

A phylogenetic tree inferred based EISP4gene sequences Af marginaleisolates
are shown in Fig. 3.6. Th#MSP4 nucleotide sequences &. marginale were
compared with other known sequences published inBa@ek, and revealing 99%
identities toA. marginaleisolates from Australia (AY665999), Mexico (JN5649,
Argentina (AF428086), Venezuela (AF030059), ChindM( 640938), Brazil
(JN022562), Taiwan (EU677383), Israel(AY787172glyit (DQO00620), Tunisia
(KJ512174), Nigeria (EU106082), Zimbabwe (AY666Q09North America
(AY010250) and Spain (AY456001). In the phylogeaetinalysis, CVASUA.
marginaleisolates showed a separate branch but clustethiexgeith A. marginale

strains originating from Argentina, Australia, Meaj Venezuela and China.

AF428086.1| Anaplasma marginale Argentina

AVE65909 1| Anaplasmm margnale Awstralia

e[ IN564651.1| Anaplasma marginale Mexico

AY737009.1| Anaplasma margnale Vensrusla

5 HMG640938 1| Anaplasma rrarginale China

B Anaplasma cvasuisolare K X110079
DQ000620.1| Anaplasma marginals Imlv
4 EUGT7383 1] Anaplasrra margiale Taiwan

a] AYT787172.1] Anaplasma marginale Tsrazl

IN022562.1] Anaplasma rrarginale Brazl
EJ312174.1| Anaplasma marginale Tonisia

_wi AY 666009 1| Anaplastra marghale Zirhabwe
AYE208458.1) Anaplasma marginale Iralv

EU106082.1/ Anaplasma marginale Nigeria

| |— AY010250.1| Anaplasnm margmale North America
& AYV4356001 1| Anaplastra marginale Spain

]

ﬁﬁl::-
WAL

Fig 3.6: Phylogenetic tree constructed using nucleotide segnces ofAnaplasma
marginale MSP4 gene fragment and all relevant sequences of thigge submitted
in GenBank. The accession numbers and countries are showmebisilate name.
The fragment ofMSP4 gene sequences obtained in this study were iradicaith
bold triangle. The tree was inferred using the hlegg joining method of MEGA 5.2,
bootstrap values are shown at each branch pointndu next to the branch
demonstrates bootstrap support from 1000 replioatid\ll sites of the alignment
containing insertions-deletions, missing datawdireieated from the analysis (option
“complete deletion”).
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3.5 Discussion

Anaplasmosis is one of the important rickettsialedises of cattle reported from all
around the world. Researchers have tried to ident#frious contributing factors
associated with the prevalence of this importanndmarasitic and vector-borne
disease. Diagnostics tools mostly employed in dgiefy countries like Bangladesh
to detect anaplasmosis mainly include staining pberial blood samples after
preparation of thin blood smear (microscopy). Wite advancement of modern DNA
based diagnostic tools it is now hightime to empdtgte-of-the-art procedures like
PCR for comprehensive molecular investigation. Buirihe present study, classical
microscopy technique was complemented by PCR aicgtidn of two different
genes ofAnaplasmaspp. and further validation of species was confirbg DNA

sequence analyses and phylogenetics.

In this study, the overall prevalence of anaplassagas recorded as 8.21%
(n=1680), which is lower than the findings (33-70%f) other previous studies
(Chowdhury et al., 2006; Samad et al., 1989; NathBhuyian., 2013). It may be due
to the differences in geographical locations ofi&s conducted. Again, the current
prevalence rate was little higher than the findimgssome investigators who had
different sample sizes (Alim et al., 2012), (Sidd#é al., 2010), (Rahman et al.,
2015a) and (Sajid et al., 2014). Very early repongicated the occurrence of
subclinical Anaplasmainfection in 5.93% cattle has been reported froamddadesh

(Samad et al., 1989). A somewhat similar obseraaii®.71% prevalence) was
reported later by other researchers in neighboRagistan (Atif et al., 2012). The
variations of the results could be due to randomectien of apparently healthy
animals rather than the clinically suspected arsmdloreover geographical variation

play vital role in the prevalence of anaplasmasssde Bangladesh.

During this study, the highest prevalence of arsplasis was recorded in hilly areas
(9.33%) followed by coastal areas (9.00%) and pa@as (5.83%). The prevalence of
anaplasmosis in the hilly areas was not consistéhtprevious other published report
who recorded 14.94% of prevalence of anaplasmasishiee hilly district of
Chittagong (Mohanta and Mondal, 2013). Howeverddaer prevalence rate (3.7%)
was recorded in indigenous cattle of Khagrachdty district in Chittagong by a

separate report (Alim et al., 2012).
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Present study was unable to find any statisticgilipificant differences among male
and female animals infected wiinaplasmaspp. Still, the percent prevalence was
found to be higher in female animals compared ® mhmale animals. This was
consistent with the observation by other investiga{Alim et al., 2012) and (Atif et
al., 2012). The suppression of immunity in advangesynancy due to physiological
change and or huge energy loss in lactation in ighding animals might be the
possible reasons for the higher prevalence of asaplsis in female cattle (Kocan et
al., 2010). In addition, some do believe that hHigtidence in female could be linked
with the fact that contaminated needles are comynaséd for injecting drugs for
milk let down (Atif et al., 2012).

The present study indicates that animals aged 18@&@tths are more susceptible to
anaplasmosis. This observation is in consistertt wievious report (Rahman et al.,
2015a) who recorded high prevalence in animals dgeiveen 12-30 months.

However one report in another part of Bangladeslicaied 2-3 years older animals
to be more vulnerable to anaplasmosis (Atif et 2012) while two other group

indicated adult animals are more susceptible tlmamger animals (Alim et al., 2012;

Chowdhury et al., 2006).

Seasonal variation in disease incidence is coresidr be one of the most influencing
factors on the prevalence of blood parasitic dsgasrhis is largely due to
environmental factors that regulate tick populationthe farm or adjacent areas.
Besides tick vectors, some biting insects and nm@chhinstruments also play roles
in transmission of the disease. During the prestmy no meteorological data (such
as temperature, rainfall, humidity etc.) were caukel and analyzed. However, we
attempted to identify the variations in prevalentéhe protozoan diseases throughout
different seasons. The prevalence of anaplasmoas faund to be significantly
higher in winter season followed by rainy and sumreeason. Similar seasonal
variation was observed by previous investigator® wdported higher incidence in
winter season in cattle in northern Sylhet distatBangladesh (Nath and Bhuyian,
2013). However, on the contrary to this observatiorsouthern Chittagong district of
Bangladesh couple of other studies has been repuaittere higher prevalence was
found in both rainy and summer season (Alim et2012; Belal et al., 2015). All
these variations are thought to be due to chamgasacroclimate that is essential for

breeding of ticks (Vairamuthu et al., 2012). Moreogontaminated fomites and some
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biting insects (flies) are also capable of transiois of the disease and the prevalence

of insect probably higher in late winter to rairgason.

The breed of animal is thought to have some impadhe incidence of bovine
anaplasmosis. High incidence of anaplasmosis issbred cattle was recorded during
this study compared to the indigenous or local leatHowever this was not
statistically significant. The finding was consistewith the observation by other
investigators who used animal samples from differether parts of Bangladesh
(Alim et al., 2012; Atif et al., 2012; Chowdhury &it, 2006; Rahman et al., 2015a).
The literature suggests thaos taurusare more likely to develop acute anaplasmosis
than crossbred Zebu cattle (Aguirre et al., 198iQwever, experimentally infected
local and crossbred cattle were reported to bellgggissceptible téA. marginaleand
developed similar clinical signs (Bock et al., 1R9Fhis might be due to the lack of
immunity during high milk yielding stage in crossdr along with characteristic

genetic makeup and unusual seasonal stress.

The housing and floor type in animal house was idened as an important factor
related to incidence of anaplasmosis in animalghHncidence was recorded in
conventional soil type farm houses compared to alsirthat were kept in cemented
(paka) floor with better management options. Similiading was recorded by other
researchers who suggested that the variation doeildue to higher vector load in
muddy floor and improper use of insecticide (Natil 8huyian, 2013; Sajid et al.,
2014). This also can be linked with the financiahdition of the farm owner where

most poor farmers are unable to spend more to bukeimented floor.

The present study is the first attempt of molecstady for detection oAnaplasma
spp. in cattle in Bangladesh. Although selectiva@as screened through microscopy
were further analysed for molecular study 80% ofigi@s (40 Out of 50) were found
positive in PCR assay based on amplification otigal6SrRNAgene. Remaining
negative samples might include false positive casbgre parasitic stages are
frequently confused with other microscopic struetufinside RBCs) such as Heinz
bodies, Howell-Jolly bodies or staining artifadt®wever, notable that further PCR
assay oMSP4gene fragments also successfully validate the R&RIts as both the

genes were amplified in same sample sets. Furthbdation of the genus was
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confirmed by DNA sequencing followed by sequenceilsiity based BLASTn
search through NCBI website.

The MSP4gene-specific primer pair routinely used for idigcation of A. marginale
was used during this study. ThSP4 gene is highly conserved among different
strains ofA. marginaleand also between differeAnaplasmaspp. (De La Fuente et
al., 2005a, b). Phylogenetic analyses of tM&P4 gene fragment sequences
demonstrated that the Banglade&himarginaleisolates shares a separate branch but
clustered with those from other countries. Theyewaiso positioned closer to the
isolates from China, Argentina, Australia and Mexas supported by low bootstrap

value that indicates that there is a huge genati@tion among them.
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3.6 Conclusion

The present study attempted to investigate theapgaee of anaplasmosis in cattle
along with identification of possible epidemiologidactors of disease incidence. A
high overall prevalence rate (8.21%) was foundrduthe study. While babesiosis
was also sreened in the same area (as describ@Haipter 4 of this thesis) with a
overall prevalence of 1.43%, it is clear that aaapiosis is more important in the

study areas.

We also analyzed the questionnaire based datadadentification of risk factors of
anaplasmosis in the study areas. Significant oelakiip was found with time of the
year and the disease prevalence while age or breeds not found to be the risk

factors.

Molecular studies were also performed which ig fafsts type to diagnose the bovine
anaplasmosis in Bangladesh. This was achived byemoBCR based assay where
two specific genesleS rRNAandMSP4 were partially amplified followed by DNA

sequencing. Further bioinformatics analysis andq@enetic investigations revealed
that isolate of the study was closely related @isiolates reported from countries like

China, Argentina and Mexico.

In the light of current study it will recommendeat the farmers of the study areas to
use acaricide and regular strategic prophylacgatiment especially in the winter

season for tick control as well as disease control.

Further studies can be concentrated on identiinatf tick vectors along with
molecular detection of organisms from both vectansl hosts from all different
districts of the country. This will ultimately dele@ national database of vector and
hosts and will help policymakers to develop su#abbntrol strategies to combat

bovine anaplasmosis.
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CHAPTER-4

Study on prevalence, molecular identification and ltaracterization of
Babesia infection in cattle in selected hilly, coastal angblain areas of

Chittagong Division of Bangladesh
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Study on prevalence, molecular identification and lsaracterization of
Babesia infection in cattle in selected hilly, coastal angblain areas of
Chittagong Division of Bangladesh

4.1 Abstract

Bovine babesiosis is the most economically impdrtaaemoprotozoan disease
caused byBabesiaspp. The present study was conducted in seledtgddoastal and
plain areas of Bangladesh to determine the prewaleand identification of risk
factors along with molecular characterizationBatbesiaspp. Using classical blood
smear examination and Giemsa staining, 1.43% (n3)168ttle was found positive
for Babesiainfection during this study. The prevalence of é&bsis in the hilly areas
was 1.17% (7 out of 600 cases); in the coastakated’% (10 out of 600 cases) and
in the plain areas 1.46% (7 out of 480 cases).hEurtlata analyses based on the
predetermined questionnaire revealed additionatiezpiological information. The
prevalence ofBabesiaspp. was found higher (P>0.05) in crossbred cattien
compared with the local or indigenous group ofleatbeasonal variation of disease
prevalence indicated that babesiosis was signifiganigher (P<0.05) in summer
season followed by rainy and winter season. Aniraakhe age of 6-18 months were
found more susceptible to the infection based oleaced samples from three
different geographic areas of Bangladesh. Animapt lon natural soil-type floor
(mati floor) were found to be more affected by mbgis than the animals that are
kept on partially-cemented and cemented floor (Fda). No statistical difference
was found between male and female animals indigatmvariation in prevalence due
to sex of the animals. Further molecular studiesuth PCR and DNA sequencing of
all microscopically positive samples (by amplificat of 18SrRNAgene) confirmed
the genus and their phylogenetic relationship. Tawstinct clusters were found
through phylogenetic analyses of which one wasetjoelated tBabesia ovatand
another cluster was closely relatedB@abesia bigeminaFurther study using samples
from other different parts of Bangladesh and usiiffgrent genes for PCR assay can
highlight the actual evolutionary origin Babesiaspp. affecting cattle in the country.
The knowledge will ultimately help develop effe@igontrol strategies which mostly

depend on vector control and farm management.
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4.2 Introduction

Bovine babesiosis is an economically important mebbrne disease of cattle caused
by the blood protozoa of the genBabesia(McCosker, 1981). The clinical form of
the disease is characterized by anemia, fever, gl@iouria, jaundice, abortion in
female animals and occasional nervous symptomsleath. Among different species
of Babesiathat affect the cattleB. bovisandB. bigeminaare the most economically
important species globally. The economic losses mm® of mortality, loss of
milk/meat production, associated costs of contrehsures etc. However the disease
can make significant impact on the internationdtledrade for any country exporting
meat and meat products (Bock et al., 2004).

Reliable and accurate diagnosis is important fégotif’e monitoring, treatment and
control of babesiosis (Bashir et al.,, 2009). Thaitire diagnosis is usually
accomplished by routine microscopic examinatione(@a or Wrights stained) of
blood smears collected from the peripheral cireotatHowever, the classical staining
techniques are suitable for detection of acute laeavy infections but unable to
identify sub-clinical infections where the parasita is usually much lower (Almeria
et al., 2001; Aziz et al., 2014). Different serot@d techniques such as IFAT and
ELISA are commonly used for the diagnosisof sulicdihinfection of babesiosis
(Bock et al., 2004; Molloy et al., 1998). One oftimajor limitations of these
techniques is the occurrence of false positive fatsg negative results due to cross-
reactions (Sharma et al., 2013) and the lack ofridisnation between previous
exposure and current infections (Wagner et al.219%he application of molecular
tests such as PCR based tools have been thereéwedoded which has high
sensitivity and specificity (Almeria et al., 200The technique has been proven to
provide reliable results in detection Babesiaspp. in blood, particularly when the
parasitemia is very low or not detectable in micopsc examination (Figueroa et al.,
1992).

In Bangladesh, the prevalence of babesiosis inech#ts been reported in different
areas by some investigators. Most of the publistedies were based on the classical
blood smear examination (Giemsa stain) and theatgace was recorded as 1-14%
with a variable sample size (Samad et al., 198&ilsi et al., 2010). Those reports

also investigated the risk factors associated Babesiaprevalence in Bangladesh
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based on age, sex, climate and seasons. The pstséntwas designed to get further
comprehensive investigation to investigate the gence of babesiosis at different
locations of Chittagong Division with special empisaon molecular characterization
of the organism for the first time in the counthis is the first attempt to identify
specific species and strains Babesiathrough PCR based tools and their further

sequencing and phylogenetic investigation.
The present study was conducted with the folloveipgcific objectives:-

1. To determine the prevalence and risk factors oebm@lsis in cattle in selected
areas of Bangladesh.
2. Molecular identification and characterization Bébesiaspp. along with the

phylogenetic investigations.
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4.3 Materials and Methods

4.3.1 Description of the study areas

The study area of this experiment was same andildedan section 3.3.1.
4.3.2 Study periods

The study periods were similar as described in@e&.3.2.

4.3.3 Target animals

Target animals of this study were similar as désgctiin section 3.3.3.
4.3.4 Target sampling

Target animals were similar as mentioned in se@i8y.

4.3.5 DNA extraction

The protocol for DNA extraction was followed as rtiened in the PCI method and

the protocols have been briefly described in sac3i8.6 earlier.
4.3.6 PCR assay

The diluted DNA template was transferred into PQBet and the reaction volume
composes of 12.5ul of GoTag® G2 hot start greentenagix (2X Green GoTag®
reaction buffer (pH 8.5), 4 dATP, 40M dGTP, 40QM dCTP, 40QM dTTP

and 4mM MgCI2), 1.5ul of each primer (10 picomol&)| of template and 7.5ul of
nuclease free water. PCR amplification was caroetdusing a 2720 thermal cycler
(Applied Biosystems). To identify th&abesia spp. from DNA samples PCR
amplifications were performed at the following tmad conditions: 94°C for 2 min
followed by 35 cycles of 94°C for 30 sec, 61°C 4& sec, 72°C for 1 min and
followed the final extension step at 72°C for 10vnithe mixture was examined for
the presence of DNA fragment by loading 5ul of R@8&duct into each well of 1.5%
agar rose gel stained with Ethidium bromide. A bP(ONA ladder was included into
the first well. The samples were fun for 30 mirld0 volts and then finally washed

under running tape water and visualized under Wvhination.
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Table-4.1: Details of the primers used for amplification of gee fragments of

Babesia sp.

Target | Primer Sequence Amplicon| Reference
gene name size (bp)

18S Baf-F | 5'-TTTCTGMCCCATCAGCTTGAC -3' | 422-440 Hilpertshause

rRNA | Baf-R | 5- CAAGACAAAAGTCTGCTTGAAA -3' et al., 2006

=

4.3.7 PCR products purification

The protocol for PCR product purification was felled as mentioned in the

manufacturer's

instruction.

The commercially avaéda PCR purification kit

(Favorgen, Korea®) was used and protocol was mesdi@arlier in section 3.3.8.

4.3.8 DNA sequencing

Purified PCR products were used for sequencingdmgncercial suppliers (Bioneer

Corp, South Korea) for DNA sequencing.

4.3.9 Phylogenetic analyses

The phylogenetic analyses of partial sequencE8&rRNAgene ofBabesiaorganism

according to the protocol that was mentioned iise.3.10.

4.3.10 Statistical analyses

The statistical analyses of epidemiological dataewsarried out by following similar

methodology which was mentioned earlier in secld11.
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4.4 Results

4.4.1 Parasitological examination

The present study was designed to investigate theafence of babesiosis using
modern molecular tools. However, classical micrpgcdechnique was used for
screening field samples before molecular tests vpendormed. Altogether, 1680
whole blood samples (600 from hilly areas, 600 fiayastal areas and 480 from plain
areas of Chittagong Division) were collected fromttle randomly without
considering the clinical signs. On classical blsatear examination (Giemsa staining
technique), 1.43% animals (n=1680) were found pasitor Babesiaspp. infection
where the organisms in thin blood smears appeasepear-shaped bodies usually
located in periphery of the infected RBCs (Fig 4.As expected, a substantial
variation in prevalence of babesiosis in differgebgraphic areas was observed in
this study (Fig 4.2). The prevalence of babesimsike hilly area was 1.17% (7 out of
600); in the coastal areas 1.67% (10 out of 60@)iarnhe plain areas 1.46% (7 out of
480). However these were not statistically sigaific

Fig 4.1: Representative figure from Giemsa stained thin blod smearindicating
Babesiaspp. located inside the RBCs (Arrow) x 100.
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E Babesia
1.67
1.46
1.17
Prevalence (%)
Hilly Coastal Plain
Area

Fig 4.2:Area wise prevalence oBabesia (Here X axis indicates the areas and Y axis
indicate the prevalence. Higher prevalence wasrdecbin coastal area in compared
to hilly and plain area).

During this study an attempt was made to investight association of different
categorical variables such as season, breed, ageflsor type at cattle sheds and
economic condition of the animal-owners with thevadence of babesiosis (Table
4.2). As predicted, crossbred cattle were highkceptible to babesiosis compared to
local or indigenous cattle. Animals were more aiddn summer (P<0.05) followed
by rainy and winter seasons. Cattle aged betwe®&d @onths were more prone to
suffer from the disease compared to other age gr@fig 4.3). Animals kept on soil-
type floor (mati floor) were most susceptible tobesiosis followed by those on
partially-cemented and cemented floor (Paka floNK.significant differences were
found between male and female animals or the ecunstatus of the animal owners

with the relative prevalence of babesiosis.
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Table 4.2:Association of different categorical variables wh the incidence of
babesiosis (by using Chi-square test)lhe prevalence was significantly higher in

summer season.

Variables Categories (N) Prevalence (%)
Season Summer (560) 2.50 (14)***
Rainy (561) 1.25 (7)
Winter (559) 0.54 (3)
Sex Male (400) 1.00 (4)
Female (1280) 1.56 (20)
. _ Poor (523 1.72 (9)
congino [ Moderate (1087) | 1.38 (15)
Ultra poor (70) 0.00 (0)
Floor Paka (1011) 1.09 (11)
Mati (669) 1.94 (13)
Cross (45t 1.52(7)
Breed Local (1225 1.39 (17
*** Significance at P<0.001.
| :
= — 3
o 1
o _ ——

0

Fig 4.3:Box plot showing association between babesiosis Wwiage[where zero“0”
indicate negative and “1” indicate positive to bsibsis. The analyses indicate that
50% of infected animals were within the age grotif-@8 months].

4.4.2 Molecular examination

Further molecular investigation using PCR basedyaaa were applied to all 24
positive samples (verified by microscopic) exammratbased on the amplification of
18SrRNAgene. All these amplicons produced characterisinds of 421-440 bp on
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agar gel electrophoresis (Fig 4.4). Thereby PCRyassmplemented our findings
from classical thin blood smear technique.

422-440 bp 500 bp

100 bp

Fig 4.4: Amplification of the genomic DNA of Babesia sp. from blood of cattle by
using 18SrRNA gene.Lane M is for 100 bp DNA ladder; N is for negativentrol;
Lanes 1-7 is suspected samples; Lanes 1, 4, 6 &adidg amplicons of 422~440 bp
indicated the presence Babesiaorganisms.

4.4.3 Phylogenetic analyses

A phylogenetic tree inferred based A8SrRNAjene sequences dabesiaspp.
isolates are shown in Fig. 4.5. Th8SrRNAnucleotide sequences Bhabesiaspp.
obtained from six randomly selected samples (desiggs babl, bab2, bab3, bab4,
bab5 and bab6) shared 100% identity when compaabd b bab3 and bab6; 99%
identity when compare babl to bab2; 95% identitgmhompared babl to bab5 and
91% identity when compared bab4. The sequenced (lbab2, bab3, bab5 and bab6)
were also compared with other known sequences ghddi in GenBank, and
revealing 97% identities tB. ovataisolates from China (AY603400 and AY603403)
and Korea (AY081192). On the other hand, sequerai®! lwere revealing 94%

identities toB. bigeminasolates from India, China, Brazil and Australia.
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7,20410073219 Babesia bigemina 185 ribosomal RNA gene catle China
1828407435 Babesia sp. 185 ribosomal RNA gene cattle Brazl
g@375270202| Babesia bigemina small subnt ibosomal RNA gene catle and buffaloVetnam
8691194476/ Babesia bigemina 185 ribosomal RNA gene Swizerand

oz |L 2[113882070| Babesia bigemina 185 nbosomal RNA gene partial sequence
gi403241444| Babesn bigemina stain RG 188 rbosomal RN A gens cale Awstralia
320526393/ Babes bigemina haplotvps Ha4 185 rbosomal ENA gene Argentina
45| 2149798052  Babesia higemina 185 rbosomal RNA gene cattkKenva

3 72L— 540367932  Babesia bigemina | 85 rbosomal RNA gene catk India
931342081 |gh| AV 603400 1| Babesia ovar small subit ibosomal RNA gene carfleChim
W bah 4 Bangladesh K 228228

7 g|32816433Babesia crassa 185 rbosomal RNA gens sheep Iran
ﬂﬁmn Babesia 9. 185 rbosomal RNA gee tick Russa
193795133/ Babesia major 185 rbosomal RN A gene caftk France
I]J‘ g 270057381 B abesia major 185 nbosomal RNA gens catile France

01347940408 Babesi major 185 rhosomal RNA gene [aly
0119547883 | Babesia ovata smal subunit ribosomal RN A gene catl Korea
M bab 3 Bangiadesh K X228220

(=]

W bab 1 Banngadesh KU247081
W bab 2 Bangladesh KUS37251
85| M bab 3Banglad=sh KUS47082
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Fig 4.5: Phylogenetic tree generated from the nucleotide segnces ofBabesia
18SrRNAgene and all relevantsequences of this gene subradtin GenBank, the
accession numbers and countries are shown witlatesahames. Thel8SrRNA
sequences obtained in this study were indicatett Wwild triangle. The tree was
inferred using the neighbor joining method of MEGA, bootstrap values are shown
at each branch point. Number next to the branchodestrates bootstrap support from
1000 replications. All sites of the alignment comitag insertions-deletions, missing
data were eliminated from the analysis (option “ptete deletion”).
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4.5 Discussion

Babesiosis is known to be an important protozoaaatie causing huge economic loss
in livestock sector of Bangladesh. Previously, & feports were published on this
disease in cattle showing a variable rate of pened (1-16.63%) in some selected
areas of Bangladesh (Siddiki et al., 2010; Mohanih Mondal, 2013). Unfortunately,
in all cases, researchers used conventional tdasagnosis which have significant
drawbacks in terms of accuracy. The study is tieeeefomplementing other previous
reports and highlights the need for further molacuhvestigation with a view to

formulate effective control strategies.

The overall prevalence of babesiosis recorded duthis study was 1.43% (n=1680).
This observation was consistent with other investig who has reported 1.52% to
2.29% prevalence in different parts of the couilyMahmud et al., 2015; Rahman
et al.,, 2015a; Siddiki et al., 2010). In neighbgriRakistan, the prevalence was
recorded as 1.75% fdd. bigeminawhich is the most common species affecting the
cattle population (Afridi and Ahmad, 2005). Commhr® this reports involving
Bangladeshi cattle have indicated higher prevalersneging from 3.28% (in
subclinical cases) to 7.17% in some areas (Alinalet2012; Samad et al., 1989).
Further higher prevalence of upto 16% was also rtedoby other reports where
samples were collected from northern districts ah@adesh (such as Mymensingh
and Sylhet) (Banerjee et al., 1983; Nath and Bhuyi2013). One would assume that
these variations in the prevalence of babesiosis lmadue to the climate-associated
factors and the distribution of relevant vectoksievho might be active and available

in different seasons.

During this study, maximum prevalence of babesioss recorded in coastal areas
(1.67%) followed by plain areas (1.46%) and hilleas (1.17%). These were not
consistent with other previous reports who recoragedhigh as 16.67% prevalence in
three hilly district of Chittagong and Khagrachbiily districts in Chittagong (Alim
et al., 2012; Mohanta and Mondal, 2013). Again, finevalence of babesiosis in
coastal areas were reported as high as 4.62% @hkINdi coastal area of Bangladesh)
by previous investigators which is not consisteithwhis present study (Alim et al.,
2012).
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No significant differences were recorded among naald female animals with the
incidence of babesiosis. The similar observatiors waported earlier by other
investigators (Al Mahmud et al., 2015; Alim et a012; Kamani et al., 2010b).
Animals aged 6-18 months were found to be moreeqidite compared to other age
groups. Similar observation was reported by otlesearchers who mentioned high
prevalence in animals aged >1-2.5 years (Chakral2@®2; Chowdhury et al., 2006;
Rahman et al., 2015a). However severity of theadisencreased with ageing, but the
infection rate were detected higher in young anémtlmay be due to declining of

immunity with the increasing of age (Wright, 1990).

Season is one of the most influencing factors @npgrevalence of blood parasitic
diseases. During the present study, the prevalehdeabesiosis was significantly
higher in summer seasons followed by rainy and eviseasons. Similar seasonal
influence was observed by other researcher (Al Mahmt al., 2015; Alim et al.,
2012) who reported higher prevalence in summeroseas some northern parts of
Bangladesh. These seasonal influences could beditikthe variations in vector load
which depends on the humidity, rainfall and oveddilinatic condition (Radostits et
al., 2006). Further analyses of meteorological daih the geographic information of
the study areas in Bangladesh can provide substanformation which was not

conducted during this study.

The prevalence of babesiosis in this study was eoatiely higher in crossbred
cattle than local cattle although the observativase statistically insignificant. The
findings were similar to the observation by prewonvestigators (Al Mahmud et al.,
2015; Alim et al.,, 2012; Chowdhury et al., 2006)aeTzebu cattleB. indicus
reportedlyshow strong innate resistanc®tdovisandB. bigeminainfections when
compared td. taurusand their crosses (Bock et al., 1997). The lowewraence in
local cattle might be linked to constant minimumpesure to infections and
development of passive immunity along with the genmakeup of each different
cattle breed (Siddiki et al., 2010).

When farm housing conditions were assessed, thealprece of babesiosis was
recorded higher in animals that are kept in unceéete(mati) floor in compared to

animals that were kept in cemented (paka) floanil@r finding was observed earlier
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and thought to be linked with higher vector loadrinddy floor (Nath and Bhuyian,
2013).

Along with classical thin blood smear and Giemsaingtg technique, molecular
techniques were applied during this study. All plositive samples (from microscopy)
were successfully amplified by PCR assay using ipeprimers of Babesia

18SrRNAgene. Further sequencing confirmed the genus pecies of the protozoa
which were analysed for phylogenetics. The analysgsaled that five isolate are
separately branched but clustered together V@#besia ovatawhich was not

previously reported in Bangladesh (Alim et al., 205amad et al., 1989). Notable
that all those reports in Bangladesh were basethorphological examination and
accurate identification was not always possibleetiasn microscopy. EarlieBabesia

ovatawere reported in Japan (Minami and Ishihara, 1980jna (Bai et al., 1990),

South Korea (Suh, 1987) and the present repottaditst record of this species in
Bangladesh. All the five isolates from the pressidy are clustered together with
Babesia ovatasolates recorded from Korea. The bab 4 isoladesaparately branches
in phylogenetic tree and form cluster wiBh bigeminawhich also show highest
nucleotide identity as found through BLASTn anatys€his bab 4 isolates cluster
together with theB. bigeminaisolates of India, China and Vietnam with very gho

branch length indicating little genetic diversityang the species.

The results from the present study (Partial seqograf 18SrRNAgene) indicate that
both B. bigeminaandB. ovataare present in Bangladeshi cattle sporadicallythieu
comprehensive study with wide sample number andjrig@bic areas is essential to

understand the molecular epidemiology of this inguorhemoparasite.
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4.6 Conclusion

Present study was aimed to investigate the presaleh babesiosis in Bangladeshi
cattle along with identification of epidemiologictdctors of the disease incidence.
Microscopic examination was complemented with mal@canalyses and babesiosis
was detected from different geographic areas ofyBaiesh. A number of risk factors
including age, sex, season, housing condition etre assessed with variable results.
Seasonal incidence and prevalence was found signtfiwhile age and sex of
animals, farm floor type were not found to be mdato occurrence of the bovine
babesiosis. Further analyses with more sensitivtke ratiable diagnostic tools like
PCR assay with subsequent sequencing and phylogemetealed novel speciés

ovataas the causal agent in some animals.

The present study successfully characterized theaging Babesia sp includinB.
bigeminafrom study areas. This is supported by previouerse reports indicating
the availability of tick vectors such &hipicephalus appendiculatuR. sanguineys

Haemaphysalis bispinosendBoophilus microplus

The study indicates that regular strategic propttidareatment and use of acaricides
should be ensured especially in summer seasonder oo the control of babesiosis

and other vector borne parasitic diseases.

The present study was first molecular investigatibnattle babesiosis in Bangladesh.
The phylogenetic analyses successfully categorthedisolates in three different
clades indicating existence of genetic diversityrtlirer comprehensive study with
large geographic areas and increased number oflssny therefore essential to
understand the actual extent of babesiosis in tentcy. The vector biology,
geography and other epidemiological information hhght the significance of

babesiosis and its control.
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CHAPTER-5

Study on prevalence, molecular identification and ltaracterization of
Trypanosoma infection in cattle in Chittagong Metropolitan area,

Bangladesh
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Study on prevalence, molecular identification and lsaracterization of
Trypanosoma infection in cattle in Chittagong Metropolitan area,
Bangladesh

5.1 Abstract

Trypanosomiasis is an important haemoparasiticadsef animals including cattle.
The present study attempted to ascertain the mewal of trypanosomiasis and
relevant risk factors associated with the diseAiethe samples for this study were
collected from different dairy farms inside Chitteagg Metropolitan Area (CMA)
under Chittagong district of Bangladesh. The prilary screening was aided by
conventional thick smear technique (Giemsa stalm)eamodern molecular tools like
PCR was used for accurate and reliable identiioasind characterization. Only three
samples (out of 480 samples tested) were foundiy®ghrough thick blood smear
and PCR assay. All these three samples were frolstéito Friesian crossbred cow
and none of the local indigenous breed was foursitipe. Data analyses revealed
highest prevalence of trypanosomiasis in rainy @ea&agen compared to summer and
winter season. Animals older than six years werando to be infected by
trypanosomiasis. PCR assay was applied to all thoeeened positive samples by
amplifying gene fragment di8SrRNAgene and were successfully amplified. Further
sequencing of PCR products and phylogenetic amnalyseealed that the isolates
recovered during this study were closely relatedht isolates previously reported

from Egypt, Taiwan, Thailand and Japan.
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5.2 Introduction

Trypanosomiasis is a chronic devastating disedsasaffect human and all worm-
blooded animals and caused by flagellated protozadnthe genusrypanosoma
(Laohasinnarong et al., 2011). It has a great enamdmportance in the livestock
industry as it causes high mortality and severadyction losses in cattle. Cattle
infected with trypanosome result in chronic dedilitg, emaciating with fatal
outcome which is characterized by the high fevagnaia, jaundice and abortion in
female animals. Trypanosomiasis not only causeddihect loss in the form of
mortality, morbidity, infertility of the infected ramals and costs of treatment or
controlling the disease but also caused the indilesses through exclusion of
livestock and animal power from the hugetilertsetse infected areas (Kidane-
Mariam, 2000). There are several species of trypames in livestock which includes
Trypanosoma bruceil. vivax T. congolenseT. evansandT. theileri (Garcia et al.,
2011a; Nantulya, 1990; Sekoni et al., 1988; Souyld8$2). Several species of Tsetse
fly play the major role in the the transmissiontbé disease (Ford and Katondo,
1977).

Different techniques are used for the detectiontrgpanosomes from the blood.
Although parasitological approach remains the meggpropriate method for the
clinical diagnosis in field condition, it lacks sivity and specificity (Thumbi et al.,
2008). Serological tests such as complement firatest (CFT), indirect fluorescent
antibody test (IFAT), card agglutination test (CATand enzyme linked
immunosorbent assay (ELISA) are not reliable fdfedentiating current or post
treatment infections (Ahmed et al., 2013; Luckib877). Now, these techniques are
being replaced by modern molecular diagnostic tadieh have high sensitivity and
specificity (Malele et al., 2003; Solano et al.99R For molecular analysis, various
target sequences such kimetoplast DNA ribosomal DNA internal transcribed
spacer regionand VSG genes are recommended for the detectiofrgpanosoma

spp (Sengupta et al., 2010).

Though livestock contribute in national economyBaingladesh, its development is
hindered by different constraints. The most imparizonstraints of livestock sectors
are widespread diseases, including trypanosomiligiseover the climatic condition

of Bangladesh favor the growth and multiplicatidnvector and uncontrolled cattle
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trading systems also play role in disease prodactiontii now, a number of
epidemiological and parasitological investigatiomere carried out on commonly
available blood parasites in different regions eihBladesh. However, no molecular
investigation of haemoprotozoan diseases espedajfjanosomes were reported.
Earlier report on prevalence (5 out of 857 catiie]. theileriwas the very first of its
type where microscopic identification was perform{@hhman et al., 1982; Samad
and Shahid-Ullah, 1985). The present study was waed with the following
objectives:

1. To determine the prevalence and identificationisi factors associated with
trypanosomiasis.
2. Molecular identification and characterization @fypanosomaspp. with

subsequent phylogenetic investigation.
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5.3 Materials and Methods

5.3.1 Study area

The study was conducted in the selected farmsddcat Chittagong metropolitan
area of Bangladesh. The survey was done to theonalgdselected commercial dairy

farms as well as individually reared animals.
5.3.2 Study periods

The study was conducted during January, 2013 &@tdinber, 2013 and the total
period was divided into three different seasonalegaries such as i) winter

(November to February), ii) summer (March to Juar&] iii) rainy (July to October).
5.3.3 Target animals

Holstein Friesian (HF) crossbred and local catflRed Chittagong breed

/Indigenous/Non-descript types of cattle) were el as study animals.
5.3.4 Target sampling

In each month blood samples were collected frorferint selected areas at random
basis. Samples were collected from different ageigr from both sex and from the
Holstein Friesian crossbred and local cattle ineghrconsecutive seasons. A
guestionnaire (Annex-1) was used to record infolonalike owner's name and
address, animal Identification (ID), breed, agex, sseason, housing history and
farmers status etc. Farmerstatus were categorized into viz i) Poor ii) Made and
iii) ultra-poor. Housing history was treated afldype and categorized into paka and

mati floor.
5.3.5 Sample collection, preservation and examinain

Biological samples (blood) were collected during #tudy period and an individual
animal was considered as a sampling unit. AbounB& blood was collected from
the jugular vein in an EDTA vial. After that thebiwas kept in a cool box and then
transferred in to the Parasitology laboratory, @lgibng Veterinary and Animal
Sciences University (CVASU). Examination was domenediately after coming into

the Parasitology laboratory and rest of the bloahes were stored at -ZD until
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required for molecular processing. Three wet sraedrtwo thick smears were made.
Wet blood smear were examined at low power (10X).observe the Trypanosome,
two thick blood smears were prepared and subsdguéerly were air dried and fixed
by 100% methyl alcohol for 3-5 min. The prepareidktblood smears (Hendrix and
Robinson, 2006) was stained with the Giemsa stair2%$-30 min. After rinsing with
water, the stained blood smears were air dried examined under binocular
microscope (1000X) with immersion oil for the idéoation of blood parasites
(Soulsby, 1982; Urquhart et al., 1996).

5.3.6 DNA extraction

The protocol for DNA extraction was followed as rtiened in the PCI method and

the protocols have been briefly described in sac3i@.6 earlier.
5.3.7 PCR assay

The diluted DNA template was transferred into PQBet and the reaction volume
composes of 10ul master mix (Tag DNA polymeraseTR¥Y MgCI2 and reaction
buffer, Promega®, catalog # M7122), 1ul (20 Picdepof each primer, 2ul template
and 6 pl deionized water. PCR amplification wagiedrout using a thermal cycler.
The samples were programmed to a temperature godgscat 9C for 4 min (min)
initial denaturation followed by 40 cycles consistef 60s at 99C, 90s at 5& and
120s at 7%C. Five microliter volume of each sample was etmattioreses in 1.5%
agar rose gel with 1X TAE buffer (40mM Tris, 20mMdtate and 1mM EDTA with
pH around 8.6). The gel was immersed in Ethidiuonide solution for 30 min. In
case of semi nested PCR, 2ul of amplified prodfrots the first run was added to
the PCR tube as a template and other ingrediernsssame except for primer pair.

The amplification programme was same to the firataf PCR except for 25 cycles.

The mixture was examined for the presence of DNyrirent by loading 5ul of PCR
product into each well of 1.5% agar rose gel sthingh Ethidium bromide. A 100 bp
DNA ladder was included into the first well. Thargales were run for 30 min at 130
volts and then finally washed under running tapeewand visualized under UV

illumination.
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Table 5.1:Details of the primers used for amplification of gee fragments of

Trypanosoma sp.

Target Primer Sequence Amplicon | Reference
gene name size (bp)

18s 18 ST1F2 | 5- CAACGATGACACCCATGAATTGGGGA-3' | 700-80C | Gaysen e

rRNA | 18 ST n R3| 5- TGCGCGACCAATAATTGCAATAC-3' al., 2003

18S 18 ST n F2 | 5- CAACGATGACACCCATGAATTGGGGA-3' | 600 — 700

rRNA | 18 STnR2| 5- GTGTCTTGTTCTCACTGACATTGTAGTG-3'

5.3.8 PCR products purification

The protocol for PCR product purification was felled as mentioned in the
manufacturers instruction. The commercially avddalPCR purification kit
(Favorgen, Korea®) was used and the protocols haee briefly described in section
3.3.8 earlier.

5.3.9 DNA Sequencing

Purified PCR products were sent for sequencing diroercial suppliers (Bioneer

Corp, South Korea) by Sanger sequencing method.
5.3.10 Phylogenetic analyses

The phylogenetic analyses of partial sequencd88rRNAgene of Trypanosoma

organism according to the protocol that was meetioin section 3.3.10.
5.3.11 Statistical analyses

The statistical analyses of epidemiological dateewsarried out by following similar

methodology which was mentioned earlier in secldhll.
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5.4 Results

5.4.1 Parasitological examination

The study was conducted in selected farms in Qjuttg with a view to identify
trypanosome parasites. After initial screening hgrascopy, only three samples were
found positive (n=480) which was further confirm®dmolecular investigation using
PCR assay and subsequent DNA sequencing. The tr@sdac morphological
features of the trypanosomes were validated byntakphotographs. Several
organisms were found in each microscopic field, exntiigh power objective
(Fig.5.1). The organism appeared leaf-like with iagle flagellum under oll
immersion. Further data analyses also revealedespalogical information which
was not available in Bangladesh context earlierstédistically significant differences
between different age groups, however all threecédd animals were older and more
than six years of age (Table 5.2). The prevalencérypanosomiasis was only
recorded in crossbred cattle. The prevalence giatrgsomiasis was recorded in
animals that kept in paka (cemented floor) wher@a@snfections were recorded in
animals that kept in mati floor (uncemented flooFhe management of the farm
(from where positive cases were found) was notsfatiory as found by poor
drainage system and high incidence of flies thahiribe responsible as vectors of the

protozoa.

Fig 5.1:Snapshot from Giemsa stained thin blood smear indating Trypanosoma
sp. located outside the RBCs (Arrow) x 100
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Table 5.2: Association of different categorical variables wh the incidence
trypanosomiasis (Chi-square test)all positive caseswas detected in rainy season.

Factors Factor level Prevalence (%)
Breed Cross (309) 0.97 (3)
Local (171) 0.00 (0)
Season Summer (160) 0.00 (0)
Rainy (160) 1.88 (3)*
Winter (160) 0.00 (0)
Sex Male (91) 0.00 (0)
Female (389) 0.78 (3)
Floor category Paka (395) 0.76 (3)
Mati (85) 0.00 (0)
Farmers economi| Pool (146 0.0C(0)
condition Moderat (272 110 (3)
Ultra pool (62) 0.0C(0)

*Significance at P<0.05
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Fig 5.2:Box plot showing association between trypanosomiasivith age [where
zero “0” indicate negative and “1” indicate pos#tito trypanosomiasis. Analyses
indicate that 50% of infected animals were wittiia aige group of 82-142 months].

5.4.2 Molecular examination

The PCR assay confirmed the parasitdgpanosomaThe PCR amplification using
the first run primer pair gave trypanosome DNAddsa major product between 700
and 800 bp (Fig 5.3), as predicted from the GenBdhlsequences. Second run
amplification gave clear major amplicons betweefd @dd 700 bp with small size

differences among most trypanosome species.
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671 bp

Fig. 5.3: Amplification of the genomic DNA of Trypanosoma sp. from blood of
cattle by using18SrRNA gene.Lane M is for 100 bp DNA ladder; N is for negative
control; Lanes 1-9 is suspected samples; LanesaBd® having amplicons of 671 bp
indicating the presence dfypanosomapecific gene fragment.

5.4.3 Phylogenetic analyses

A phylogenetic tree inferred based DBSrRNAgene sequences dfypanosomapp.
isolates are shown in Fig. 5.4. Th8SrRNAnucleotide sequences dfypanosoma
spp.were compared with other known sequences jgoli;m GenBank, and revealing
99% identities to Thailand (AY912269) and 97% idkad to Trypanosomaspp.
isolates from Egypt (AB551921 and AB551922), Thaila(AY904050), Taiwan
(D89527) and Japan (AB301937). In the phylogeratialysis, CVASUTrypnosoma
evansiisolates (KC675213) showed a separate branch hustecl together with

Trypanosoma evanstrains originating from Thailand, Egypt, Taiwardalapan.
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TEUT3307 Trypanosoma evad 85 rhosomal RNA gere Thaibnd
KC427088.1| Trvpanosoma sp. C12 185 ribosona RNA gemelran
D89327.1| Trvpanosoma evans DNA fr 18 (RNAThaman
AB301937.1) Trvpanosoma brueet gene for 189 abosomal RNA Japan

F=r]
[

ABI1922.1] Trvpanpsoma evanst evasst genss for 185 rhosomal RNA Egpt

AT804030.1| Trvpanosonm evans 185 nbosomal RNA gene Thaland

d KJ601724.1| Trvpanosorra sp. 185 sall sabeit ribosormal RNA gene partal sequence Fish Ukrane
B

pr=]

5

5 EF375883.1| Trvpanosorma 5p. flvidraco 188 rbosomal RNA gere

L AY012260 1 Tropanosoma evans! evansi i Sam 189 rhosomal RNA geneThatand
AVO12288 1| Trvpanosorra evanstvans train KAT 189 sbosomal RNA gene Thaiknd
—— WKCO75213 1| Tropanosorm evansi solatz CVASU Bangladzsh 01 188 rbosomal RNA

ABOT0443 1| Trvpanosoma evans V'SG gene India

Fig 5.4:Phylogenetic tree constructed using nucleotide segnces ofT rypanosoma
spp. 18SrRNA gene and relevantsequences of this gene submittedGenBank,
the accession numbers and countries are shownebissihite names. THEBSTRNA
sequences obtained in this study were indicated agtession number KC 675213.
The tree was inferred using the neighbor joininghoé of MEGA 5.2, bootstrap
values are shown at each branch point. Number twexhe branch demonstrates
bootstrap support from 1000 replications. All sitels the alignment containing
insertions-deletions, missing data were eliminatedm the analysis (option
“complete deletion”).
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5.5 Discussion

Trypanosomiasis is a devastating disease of aaitftrepotential zoonotic significance
in some parts of the world. Sustainable contrchtefries against trypanosomiasis
require an organized epidemiological study and mdé studies can complement
existing microscopic studies based on stainingovedld by classical smear of
peripheral bloods. With little studies reported date on trypanosomiasis in the
country, present study was based on identificatemmd characterization of
trypanosome parasites using both these approadkitsr. initial screening by
conventional microscopy samples were further aealysy molecular tools like PCR,
DNA sequencing and phylogenetics etc. To our kndgéethis is the first molecular
level study of these important protozoa involvirgngles from Bangladesh. However
several reports have already published in neighigotndia and Pakistan where

trypanosomiasis is reported more frequently.

An overall prevalence of bovine trypanosomiasi€hittagong region was recorded
as 0.63%, during this study which was consistetit Wie previous findings by other
researchers who reported 0.58% prevalence in neestern part of the country
(Rahman et al.,, 1982; Samad and Shahid-Ullah, 198B¢ low prevalence of
trypanosomes are thought to be due to variatigraddsitic stages in peripheral blood
as sample collection time could impact the micrpgcdest as a whole. Another
reason of low prevalence may be due to the avétlaband frequent use of
trypanocidal drug such as Beréhfintervet), Babcop® (Square, Bangladesh) which

is available throughout the country.

Although we did have enough focus on vectors is khit it was observed that tabanid
flies were present in the farm areas where posdage were detected. It is generally
known that the distribution of arthropod-borne dises is greatly associated with the
availability and abundance of its vector host. Hrtéhropods fly involved in the
transmission offrypanosoma evangn the Bangladesh are still not reported but this
study indicated that it may be one of the vectdrdrgpanosomiasis of cattle in

Bangladesh.

The three animals affected with trypanosomiasisevadder than 6 years. This might
not indicate any relationship of age of animalshwibe susceptibility. However

similar findings were reported by other investigagdsewhere where cattle of 2-4
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years of age were found affected (Baticados et2@l12). Another study by other
research group documented a high susceptibilityatife to trypanosomes at the age
of >5 years (Tasew and Duguma, 2012). One wouldnassthat this age related
susceptibility might be linked with lowered immunibf adult animals and other
stressors such persistence of antibodies followtiggatment, chronic nature of

infection and intermittent parasitaemia, stressymoanagement, draught etc.

Infection was also recorded in cow during this gtuthis does not mean that male
animals are less susceptible to trypanosomiasissd ariations may be linked with
livestock management system in the farming animalsyhich large numbers of
males are removed and sold at any early age; ttéeing used either for breeding.
Another factors of higher prevalence in adult éss might be due to pregnancy and
lactation, which may reduce resistance in femalmeats and render them more

susceptible to infection (Bhutto et al., 2010).

Climate associated factors are significant for gmaission of trypanosomiasis. The
prevalence was significantly higher in rainy seasoncompared to summer and
winter season. Similar results were observed byynadimer investigators (Agarwal et
al., 2003; Krishnappa et al., 2002; Rani et al15)0 The disease was encountered
more after the onset of monsoons due to high peecal of flies from July to
November with a peak from August to October (Prastaal., 1997). This is therefore
essential to understand fly biology to efficienttpntrol the infection to prevent

further outbreak.

Although, erosion on different body parts of theinzads are very common in
cemented or partially cemented floor which subsatiyeattracting the flies and
increasing the risk of the trypanosomiasis. Buthis study we did not found any

significant association between the floor type tredprevalence of the diseases.

Further sensitive molecular tools, PCR were appl@dmolecular detection of the
organism. Although only positive case of microscafly examination was subjected
to molecular techniques in this studies despit¢ha#ie positive cases of microscopic
screening techniques were also detected in moletethiniques. However PCR is
sensitive enough to detect even one trypanosomenlpefrblood (Masiga et al., 1996;

Solano et al., 1999). PCR was also suitable tréwing of carrier animals and
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provides a quantitative validated measure tikatbeneficial for epidemiological

survey and the following of drug treatment animals.

Trypanosomes were basically identified by its moipgical structure and host
competency prior to the advent of modern genetithous. Identification of different

molecular markers and their uses for more predsatification approaches for this
organism (Garcia et al.,, 2011b; Auty et al., 201Rjolecular tools including

phylogenetic studies of trypanosomes and the iategr of genetic information and
morphological characters has helped to better aderstanding of evolutionary and
taxonomic relationships (Hamilton et al., 2004; &aet al., 2011b).

The amplified DNA from PCR analyses was subjectedséquencing through
commercial sources. The sequence data confirmrésepce off rypanosomapp. as
inferred from sequence similarity based NCBI BLAS®&arching. Bioinformatics
analyses revealed that the isolate of this stuadwveld 97% identity withl. evansi
The phylogenetic tree was prepared based on thalpsequence 018SrRNAgene
and by using neighbor joining methods indicatingttthe isolates reported from this
experiment given a separate branch but clustergether with the isolates reported
from Japan, Thailand and Taiwan. The phylogenete showed the evolutionary
relationship of the sequences in which the lengthth® horizontal line was
proportional to the estimated genetic distance betwmhe sequences. This suggests
that considerable polymorphism occurred within 8pecies although originating
from different geographic regions. Again, only theileri has been recorded in
Bangladesh by previous investigators through mdngical studies (Rahman et al.,
1982; Samad and Shahid-Ullah, 1985). On the bdsphylogeny we identified the
protozoan ad. evansiduring this study which is yet to be reported froattle in
Bangladesh.
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5.6 Conclusion

Trypanosomais one of the least known protozoa affecting déeneitminants in
Bangladesh. To our knowledge this is the first repd its incidence in Chittagong
region of Bangladesh. Earlier two separate reduate been published although no

molecular studies were employed.

Only three positive cases were recorded duringghidy where all were cows aged
more than 6 years. All cases were detected in reé@gon and farms were located in

areas frequented by cattles imported from neighigdridia and Myanmar.

The sequence analysis and subsequent phylogeneiestigation successfully
identified the protozoalrypanosomapp. which were closely relate Toypanosoma
evansi This was the first report of trypanosome from t@igong region and third

from Bangladesh.

Hence, the necessary attention should be givere¢edly during the rainy season) to
this disease so as to improve livestock productmom subsequent agricultural

development in Chittagong area.

Further study regarding epidemiological aspects amd of sensitive detection
techniques is highly recommended to determine tleegbence and risk factors of
trypanosomiasis in the country. A complete undediteg of the fly vectors, their

distribution, farm biosecurity records etc. is edse to determine different associated

risk factors.
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Sero-epidemiological study of toxoplasmosis in smalminants in
Chittagong Metropolitan area of Bangladesh

6.1 Abstract

Toxoplasmosis is an important zoonotic diseasedtiacts all worm blooded animals
including sheep and goats. The current study wdsntken involving blood samples
from small ruminants (sheep and goats) to estinthie sero-prevalence of
toxoplasmosis along with identification of assoethtrisk factors using indirect
enzyme linked immunosorbent assay (ELISA) techrsqgiiée overall seroprevalence
of toxoplasmosis was recorded as 35.87% (n=184)revllee prevalence in goat
(41.30%) was little higher than that of the she&@.43%). The prevalence of
toxoplasmosis was significantly (P<0.05) higher time age group of >2 years
(50.56%) compared to the younger age group of Yea&s (28.12%) and <lyear
(17.86%). The prevalence of toxoplasmosis was ®ogmtly higher in animals
having previous history of abortion (67.86%) whempared to animals that had no
abortion (30.13%) history bygone. The prevalencs significantly higher in animals
having municipal supplied (WASA) drinking water apdnd water in compared to
animals that were offered river and deep tube wglter. Further investigation to
correlate management issues like disposal techsig@ieplacenta was found not a
significant issue with the higher prevalence oédie. The study highlighted the need
for further in-depth sero-epidemiological studies tssess the impact of
toxoplasmosis in small ruminants and risk of traission of toxoplasmosis in

humans as zoonoses.
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6.2 Introduction

Toxoplasma gondiis an obligate intracellular protozoan that caumahropozoonic
diseases in man and animals (Kasper, 2005). Thiszwan is capable of infecting all
worm-blooded and some cold-blooded animals worldwid is thought that a third
population of the planet is infected with gondiiwhich is ubiquitous (Tenter et al.,
2000). Human can get infection through ingestiorcoftaminated food and water
(through cysts and oocysts) (Ferguson, 2009). @ktg an important role in the
spreading of the disease as a final host (Dubed9)2d oxoplasmosis has significant
impact on both medical and veterinary aspect alafitfy significance on small
ruminant farming (Moreno et al., 2012). It is natlyresponsible factor for abortion
and stillbirth in small ruminants but also respotesifor transmission of the diseases
to human via contaminated meat and milk (Dubey,6198honeim et al., 2009).
Moreover toxoplasmosis has detrimental effects omalth and productive
performance of does and ewes and sometimes cauath after parturition
(Radostits et al., 2006). Therefore toxoplasmosis wonsidered as one of the major
economically important disease of livestock protucsystem (Freyre et al., 1999).
The prevalence of toxoplasmosis varies greatly adifferent geographical areas
due to different farming practices and environmefdators (Tenter et al., 2000).
Surveillance and monitoring of toxoplasmosis in lnmand animals is required for
necessary control and prevention options but nbayailable (Spiséak et al., 2010).
The diagnosis of toxoplasmosis is usually madehgy direct demonstration of the
parasite from biopsy or autopsy material (tissuésit, such techniques are time
consuming and unsuitable for large scale survey. overcome this problem
serological test were used for diagnosis of toxaplasis (Hashemi-Fesharki, 1996).
Among all serological test developed for serodiaimof toxoplasmosis, ELISA is
very simple, economical, sensitive and easily astafor field use (Spencer et al.,
1980).

Despite of high economic return from ever growinga#l ruminants farming in
Bangladesh, this enterprise faces several probleingroduction related diseases
including toxoplasmosis. Though toxoplasmosis hagehimpact on health of small
ruminants and other production animals, it waspmoperly addressed in Bangladesh
till now. Until now only few studies was reportegl Imvestigators especially in the

northern Mymensingh district of Bangladesh based&T and LAT (Samad et al.,
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1997; Shahiduzzaman et al., 2011). The prevalehtmxoplasmosis was recorded as
16.10% in cattle, 17.60% in sheep and 12.0% in goah earlier study (Samad et al.,
1993). However in southern region of the countrghsas Chittagong, no reports were
available on the prevalence and incidence of t@@pbsis in small ruminants to
date.
The present study was conducted with followingesfjfeobjectives:-

1. Sero-epidemiological investigation dbxoplasma gondinfection.

2. ldentification of toxoplasmosis associated risktdas in sheep and goat in

study areas.
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6.3 Material and methods

6.3.1 Study animals

The study was conducted in sheep and goats that ieared in farming condition in
different areas of Chittagong metropolitan area AJMSheep and goats of different
breeds and aged over six months were includedisnstindy. To determine the age
susceptibility to toxoplasmosis, animals were dfesgb into three sub group on viz i)
>2 years ii) 1-2 years and iii) <1 year. Age wasedrined by interviewing of the

owner. This cross-sectional study was carried muhfJuly, 2014 to December, 2014.
6.3.2 Target sampling

The farm that had a previous history of abortiostdl birth or weak kid or lamb was
considered for this study. Blood samples were ct#lé from a total of 92 sheep and
92 goats. A questionnaire (Annex-2) was used torceinformation like owner’s
name and address, animal Identification (ID), fasime, breed, age, sex, history of
abortion, presence of cat in the farm premisesrcesuof drinking water, disposal

techniques of placenta etc.
6.3.3 Blood collection

Blood samples were collected directly from the jagwein using vacutainer tubes
without anticoagulant, properly labeled and thewsgere separated by centrifugation
at 3200 RPM for 10 min (Gebremedhin and Gizaw, 20The extracted sera were

transferred to other sterile vials and kept at €20til serologically assayed.
6.3.4 Serological examination

Serum sample were tested for the presence of IgBoaies againsioxoplasma
gondii using a commercial indirect ELISA kit (IDEXX toxo test, IDEXX
Switzerland AG, Switzerland) according to manufaetuinstruction. The kit was
used for detection of antibodies agaiistgondii in small ruminants. The test is
validated if: -the mean value of the positive cohn®.D should not exceed 2.00 and
the mean value of the negative control should roeed 0.500. The ratio of the mean
O.D values of the positive and negative controlBR@ and ODNC) is greater than
equal to 0.300 would also criterion to validate gzemple. All the serological tests

were done in serological lab, Poultry Research dmdining Centre (PRTC),
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Chittagong Veterinary and Animal Sciences Univgré€VASU). For interpretation

of the result S/P% was calculated as: S/P% = (Owbue of the sample - OD450
value of the negative control) / (mean OD 450 valtithe positive control - OD450

value of the negative control) x 100. Any samplaéghvan S/P less than or equal to
20% were considered as negative, the samples witS/B between 20% and 30%
were considered as suspected, the samples withPabeBveen 30% and 100% were
considered as weak positive and the samples wit/Bngreater than or equal to

100% considered as positive.
6.3.5 Statistical Analyses

The statistical analyses of epidemiological dataevemrried out by following similar

methodology which was mentioned earlier in secldl11.
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6.4 Results

6.4.1 Overall prevalence

The overall seroprevalence of ambtxoplasma gondiilgG antibodies in small
ruminants was recorded as 35.87% (n=184). Amongeth&l number of sheep and
goat tested (n=92), the prevalence was found a433®.and 41.30% respectively
(Table 6.1). However, no statistically significadifferences were observed between
two species (Table-6.1).

Table 6.1:0Overall prevalence of toxoplasmosis in sheep and @ Non significant

association was observed in between the prevalendespecies but the prevalence
was comparative higher in goat than sheep.

Type of No. tested | No. positive Prevalence P-value
host (%)

Sheep 92 38 30.43 0.124
Goat 92 28 41.30

6.4.2 Analyses of risk factors

The collected data through questionnaire were aedlyo identify the possible risk
factors ofToxoplasma gondinfection in sheep and goat in the selected saudgs. It
was revealed that the prevalence was significamtijper in animals under the age
group of >2 years (50.56%) compared to the youagergroup of 1-2 years (28.21%)
and <1 years (17.86%) (Table-6.2). Female animad homparatively higher
prevalence than the male but this observation wastatistically significant. History
of earlier abortion of study animals were foundamsimportant risk factor as the
prevalence was significantly higher in animals watlevious history of abortion. The
body condition of animal and the presence of caiufaiion in and around farms
played no important role in the prevalence of tdasmosis as found from the
statistical analyses. Sources of drinking waterewfeund as an important risk factor
for higher incidence of toxoplasmosis in the stadgas. The prevalence was found
significantly higher in the farms where water wappied from open pond (with
environmentally contaminated cysts/oocysts). On dbmtrary, farms using ground
water (through shallow and deep tube well) as watmirces were having less

prevalence of the disease. Other management factorsidered during this study
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such as disposal practices of aborted materia¢s plecenta were not found as risk

factor for toxoplasmosis in the study area throsigttistical findings.

Table 6.2:Association of different categorical variable withthe incidence of
toxoplasmosis (by using chi-square testpge of animals and sources of drinking
water were significantly associated with toxoplasiso

Variables Categories  (Sample No. of positive cases an
size) percent prevalence
Disposal of placenta Burial (68) 26 (38.24 %)

Nearby field (76)

28 (36.84)

Both (40) 12 (30.00%)
Age >2 years (89) 45 (50.56%) ***
1-2 years (39) 11 (28.12%)
<lyear (56) 10 (17.86%)
Sources of drinking WASA (36) 21 (58.33 %) ***
water Ponc (15) 8 (53.33 %)
River (40) 12 (30.00%)
Tube well (93 25 (26.88%
Access of cat in th| Yes (106 43 (40.5 %)
farm No (78] 23 (29.49%
BCS <3 (101 35 (34.65 %
3(74) 27 (36.49 %
>3 (9) 4 (44.44 %)
History of abortion Yes (28) 19 (67.86 %) ***
No (156) 47 (30.13%)
Sex Male (47) 13 (27.66 %)

Female (137)

53 (38.69 %)

*** Significance at P<0.001
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6.5 Discussion

Toxoplasmosis in small ruminants is considered igaifgcant due to its role on
transmitting the disease to the human through dicentact or consumption of
animals originated foods. Numerous studies haverteg possible transmission of
toxoplasmosis from animal to human hosts. Whildemeloped countries cat plays an
important role in transmission of toxoplasmosisaimuminants are thought to be
important sources of transmission in developing ntees. In Bangladesh, two
previous reports involving serological studies aaded sheep and goats harboring the
antigens. The seroprevalence recorded in theseestumhged from 17-42% and 12-
32% in sheep and goats respectively (Shahiduzzashaal., 2011; Samad et al.,
1993). Another report based on latex agglutinatiest (LAT) and modified
agglutination test (MAT) estimated the relativeyaence and investigated the effect
of age with toxoplasmosis (Rahman et al., 2015hjririg this study we employed
more sensitive enzyme linked immunosorbent asshkS¢@) approach for serological
investigation of toxoplasmosis in sheep and goat€hittagong metropolitan area
(CMA) and attempted to identify possible risk fasto

The overall seroprevalence ®f gondiiin sheep in the study area was recorded as
high as 30.43%. This finding is consistent with geviously published report in the
Mymensingh area of northern Bangladesh where 40%heép were tested positive
for toxoplasmosis (Shahiduzzaman et al., 2011). Wdmenpared with other countries
of the world, a similar pattern ioxoplasmaprevalence in small ruminants were
recorded in Brazil 31.1% (Carneiro et al., 2009)jma 29.8% (Liu et al., 2010), Iran
31.2% (Youssefi et al., 2007) and Turkey 31.0% @mand Vural, 2006). However, a
higher prevalence was recorded in West indies whiak 44.1% (Chikweto et al.,
2011). The variation of the results may be duehi® wse of different serological
methods, sample size, host species, managementsfaatd most importantly the

climate conditions.

Notable that the findings of prevalence of goafisthes study (41.30%) varies with
that of (Samad et al., 1997) and (Shahiduzzamah,e2011) who reported 12.88%
and 32% prevalence in other parts of Bangladeshth&ustudy can highlight the
regional influence and there correlation with theidence of toxoplasmosis in

Bangladesh perspective.
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Type of animal species is important to assessntipact of toxoplasmosis in terms of
susceptibility. During this study, no significaniffdrences were observed between
sheep and goat on the prevalence of toxoplasmdsle the prevalence in goat were
little higher than the sheep. The finding was cstesit with the findings of some
other investigators in other parts of the world rdat et al., 2009; Gondim et al.,
1999). Age is the most widely focused variable iterdture and its impact on
prevalence of the disease has been recorded inraumstudies (Do and Na, 1994).
In this study there was found correlation betwebr tge and prevalence of
toxoplasmosis. Adult are significantly more susi®etto T. gondii infection than
younger one. This correlation also supported by timelings of (Balea et al., 2012;
Gebremedhin et al., 2014). It is due to the higitebability of exposure to the source
of with the increases of age. This difference i pinevalence of toxoplasmosis is the
cumulative effect of age which was previously répdrby (Dubey, 2009). On the
contrary, there are some available reports whiaficate that gender was not
significantly associated with thE gondiiinfection (Guimares et al., 2013; Soares et
al., 2009).

In this study we recorded comparatively higher plence of toxoplasmosis in female
than male animal. This finding was supported by dbeervation of (Ahmad et al.,
2015). It is due to the pregnancy, lactation whieduced the immunity of female
animal (Messingham et al., 2001). Another reasanhfgher prevalence in female
animals may be due to keeping of female animals lbnger period of time for
breeding and milk production purposes than maleseover farmers frequently sold
the male animals for cash return and only fewekbuwe found per flock which kept

for breeding purposes.

Infection by T. gondii in sheep and goats is usually associated withodejative
problems such as abortion, stillborn, stillbirthdamummified fetus (Weissmann,
2003). Although, reproductive failure in sheep goats not only associated with
gondii infection but it may also occurred by various letiical agents (Costa et al.,
2012). We also recorded that the prevalence of glasmosis were significantly
higher in animals that had previous history of &barthan the animals that had such
type of history. Similar finding was recorded by € al., 2011). It may be due to
long term remaining as a carrier. Therefore oudystindicated that reproductive

failure in small ruminants in the study area wasngadue to the toxoplasmosis.
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In this study we did not found any significant agation between the prevalence of
toxoplasmosis and accessibility of cat in farm pea® which was not expected. It
may be due to the fact that most of the farmerhefstudy area did not possess cat
but frequented with stray cats. However, slightigher prevalence was recorded in
farm that had access by cats. Similar findings wemorded by other investigators
(Guimaraes et al., 2013; Lopes et al., 2009) amghtriie due to high number of stray
cats leading to increased contamination of soibdf@and water with the infective

cysts.

Sources of drinking water might play important rdle the epidemiology of

toxoplasmosis. Few earlier reports indicate thafaaces contaminated with oocysts
of the parasite can be more easily ingested indike with natural water sources
(Frenkel et al., 1995). In this study we also obsdrthat running supply water
(WASA supply water) and pond water is an importésk factor of toxoplasmosis in

the study area. (Andrade et al., 2013) and (Tz&isdz al., 2012) also found running
water as an important factor of toxoplasmosis. fiigher prevalence in animals that
drank pond water is expected because of highercehaihcontamination with oocyst.

Common accessibility of cat to farm premises angesy of waterer (which are
difficult to clean) increase the contamination ohter sources. The study also
suggests that water purification and chlorinatiomcpsses are either ineffective

against oocysts or non-existent (Bowie et al., 1997

Abortion are commonly occurred when it infect theingals during pregnancy.
Placenta is the common site of infection Bf gondii Improper diagnosis and
treatment of infected animals and the improper alap of aborted fetuses and
placentas which in turn increase the chances etiitn (Liu et al., 2010). However
in our study we did not get any significant asstamin between disposal techniques

and prevalence.

During the present study, it appears that the pemge of infection was
comparatively higher in animals with poor body citiod compared to healthy
animals. This might be associated with the redumethunity in animals with

compromised nutrition that makes the animals matearable to acquired infection.
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6.6 Conclusion

The sero-surveillance study revealed that toxoptesssris common among sheep and
goat in selected areas of southern Bangladesh. Weé#yzed the association of
different epidemiological factors with the prevalerrate of toxoplasmosis in small
ruminants. The study indicated a very high prevedenf anti-T. gondiiantibodies in

goats and sheep sera from Chittagong metropolitzasaf Bangladesh.

Several risk factors were considered to be assmtiatith the prevalence of
toxoplasmosis. The guestionnaire based data asapsiwed animal older than two
years of age and those with history of abortionenmiostly seropositive. In addition

animal offered pond water and municipal supply whtghly seropositive.

This important zoonotic disease can be preventegrdper surveillance and
monitoring can be implemented. The poor people velao small ruminants like sheep
and goats are quite vulnerable to get toxoplasnvasish is one of the worst zoonotic
illnesses in human capable of causing abortiorthénstudy areas such information
can be useful for field veterinarians as well asffom owners in order to develop
strategic control plan of toxoplasmosis in farmelem the study areas. In particular,
accessibility of cats to their farm premises shduéds avoided and supply of safe
drinking water should be strictly follow. In additi to serious impact on human
health, the disease is responsible for signifidass of productive performance in
small ruminants and thus causing significant ecandosses. Further countrywide
surveillance and analyses with modern moleculdstoan increase our understanding
of different serotypes ofoxoplasma gondiwhich is crucial to develop necessary

regarding control and prevention approaches ofitiyrtant protozoan.
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CHAPTER-7

Molecular identification and characterization of Toxoplasma gondii
in small ruminants in Chittagong Metropolitan Area.
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Molecular identification and characterization of Toxoplasma gondii
in small ruminants in Chittagong Metropolitan Area.

7.1 Abstract

Toxoplasma gondiis an important zoonotic parasite that causestiabom small
ruminants. The present study was carried out inmghsmall ruminants (sheep and
goat) that are admitted to Teaching Veterinary ktaspf Chittagong Veterinary and
Animal Sciences University (CVASU) in Bangladeshthwihistory of abortion.
Placenta and fetal brain were collected for subseguhistopathological and
molecular investigations. Following DNA extractiamnested PCR analyses targeting
Toxoplasma Blgene was applied where all positive samples weeatified by
amplification of 197 bp gene fragmentistopathological examination of H&E
stained tissue slides showed bradyzoite stageshwbamplemented molecular
identification. Prevalence df. gondiiwas detected as high as 25% in sheep (n=4) and
36.84% (n=19) in goats. However, this does notcdaid that goats are more
susceptible to toxoplasmosis as the sample sizenafsubstantial. All the positive
cases were detected in animals that were abortédeage of 3.5 months of age
(P<0.05). No correlation was found between agenohals, population of cat in farm
areas and animal nutritional status (body conditiavith the prevalence of
toxoplasmosis. The presence Bf gondii in fetal tissues and neonatal specimens
along with characteristics histopathological changmdicate congenital infection.
Further analyses using larger sample number woelldgeful to detect different risk

factors associated with toxoplasmosis in small nanis.
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7.2 Introduction

Toxoplasmosis is an important devastating diseasessed by an intracellular
protozoan Toxoplasma gondii This protozoan is capable of infecting all worm-
blooded animals and had worldwide distribution (Byland Beattie, 1988). It is one
of the major causal agents of reproductive failuresheep and goat (Tenter et al.,
2000). The infection is responsible for substarg@nomic losses in sheep and goat
industry by causing frequent abortions and therelycing the farm income (Buxton
et al., 2007). The pathology of toxoplasmosis soamted with the invasion of the
organism in the placenta and fetus approximatetyweeks after having an infection.
Infection during the early stages of gestation isult in fetal death, resorption and
abortion, while infection in the latter stage ostgdion (Aitken, 2007). While detailed
histopathology of toxoplasmosis has been invesdyat developed countries, further

molecular diagnostic tools are not yet attemptelangladesh.

Reliable and early diagnosis of toxoplasmosis isemsary to develop effective
control and prevention options. Conventional diagsmoof abortion due to
toxoplasmosis is based on detection of antibodietetial fluid by serological tests
(Dubey et al., 1987), demonstration of parasitestoypunohistochemistry (Uggla et
al., 1987) and observation of characteristic hiatplogical change in placenta and
brain tissues (Buxton and Finlayson, 1986). Thdatsm of Toxoplasmafrom
aborted tissue samples is the widely accepted gtdshdard for diagnosis of
toxoplasmosis (Losson and Buxton, 2007). Recentyeoular assay such as PCR
amplification of different genes is routinely usasl an effective tool for diagnosis of
toxoplasmosis (Hurtado et al., 2001). A numberegforts have been published where
different gene fragments were amplified through PESRay. Thes&. gondiispecific
genes includdoxoplasma B1 repetitivgene (Burg et al., 198930 surface antigen
gene (Savva et al., 199@mall ribosomal rRNAyene (Tenter et al., 1994) afd9bp
repeated elemen{Homan et al.,, 2000). Along with PCR analyses, itz
histopathological examination can be used as camgiary tool to effectively
diagnose toxoplasmosis. However collection of sangphlways critical and may lead
to false negative result if any contamination tagésce. Therefore careful sample

collection, preservation and processing are crucial
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Worldwide a number of studies have been reportedt tmvolved both
histopathological and molecular diagnostics. Thenga types also varied that
include blood, heart, brain, lung, liver and cotijda from aborted fetus. Among all
these sampling methods, detection rate were highlerain and cotyledon compared
to other samples (Dubey and Beattie, 1988). Amdhtaageting gene that are used
for molecular identification of th&. gondii higher sensitivity of PCR assay targeting
B1 gene was reported by some investigators. Howevethe contraryB1 element
was reportedly absent in 4.8% of humkngondiipositive samples (Menotti et al.,
2010).

Considering an important zoonoses, toxoplasmoss dreormous significance in
human health. Most rural people especially womenesigaged in rearing sheep and
goat in Bangladesh which has substantial impasthiort term economic return and
eventual poverty alleviation. In addition to thealtle risks of women (suspected
abortion), economic loss are also encountered tfirdoequent abortion of small
ruminants due to toxoplasmosis. The rate of aboriio farm animals is again
correlated to the large number of animals, too tdagimal’'s density, inappropriate
breeding conditions, absence of early and accutiaignostics etc. Alongside other
production related issues, abortion is one of thgartant constraints in the
development of sheep and goat industries in BaegladWhile abortions in small
ruminants are more frequent in different areashef ¢ountry, yet no specific and
sensitive diagnostic tools have been developeded to identify the causal agents of
abortion. Previous serological survey indicated tha prevalence of toxoplasmosis
in sheep and goat was 42 and 32% respectively mratepart of Bangladesh
(Mymensingh) (Shahiduzzaman et al., 2011).

The present study was conducted with following otiyes:-

1. To identify theT. gondiias a causative agent of abortion in sheep andyoat
using the histopathological examination and neBER assay.
2. Molecular characterization ofToxoplasma gondiiby sequencing and

phylogenetic investigations.
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7.3 Material and methods

7.3.1 Study area

The study was conducted in Sahedul Alam QuaderycHieg Veterinary Hospital
(SAQTVH) of Chittagong Veterinary and Animal SciesdJniversity (CVASU).

7.3.2 Study duration

This study was carried out for the periods of oearystarting from January, 2014 and
ended at December, 2014.

7.3.3 Target animals

Target animals are sheep and goats that were adndtSAQTVH with history of
bloody discharge through vagina. A pre set questor were used collection of data
regarding age of the animals, gestation age, pcesem absence of cat, body

condition of animals etc.
7.3.4 Sample collection

Tissue samples were taken from the 23 aborted¥8tgoats and 4 sheep) that were
admitted to SAQTVH, CVASU by maintaining appropeaéchniques. Samples were
divided into two portion- one portion for histopatbgical study and another portion

for molecular study.
7.3.5 DNA extraction

DNA was extracted only from tissue sample. Fromsidé samples DNA was
extracted by using commercial DNA extraction kiaybrgen) by following their
instruction. Briefly, 25mg tissue sample was tak@n a sterilized mortar and pestle
and then grinded it to make a homogenous mixturediayg PBS. Then the mixture
was transferred into a centrifuge tube. AOBATG1 buffer and 20l proteinase k
(10mg/ml) added to the sample mixture and mixedaihghly by vortexing. The
mixture was incubated at 60°C until the tissug/sed completely and vortexing was
done in every 10-15 min during incubation. To remdhe drops from the inside of
the lid the tube was briefly spineul4of RNase A (100 mg/ml) was added and
incubated for 2 min at room temperature. After th@ful FATG2 buffer was added
to the sample mixture, mixed thoroughly by pulsetexing and incubated at 70°C for
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10 min. To remove the drops from the inside ofliti¢he tube was briefly spine. 200
ul ethanol (96 ~ 100%) was added to the sample amddrthoroughly by pulse-
vortexing. To remove the drops from the insidetaf lid the tube was briefly spine.
A FATG mini column was placed in a collection tuied then the sample mixture
(including any precipitate) was transferred catgftd FATG column. Centrifugation
was done at 14000 rpm for 1 min and the flow-thfougs discarded. Then the same
FATG column placed into a new collection tube. FATGlumn was washed with
500ul W1 buffer by centrifugation for 1 min and therettiow-through was discarded.
Again FATG column washed with 7pDwash buffer by centrifugation for 1 min then
discarded the flow-through. Centrifugation was déorean additional 3 min to dry
the column. Finally FATG column was placed to entiTube. 50l elution buffers
was added to the membrane center of FATG columrF&id column was stand for
3 min. Final centrifugation was done for 2 min tote total DNA. DNA was stored at
4°C or -20°C.

7.3.6 Histopathology

Tissues were collected by maintaining proper tegines. Only brain tissue of fetus
and cotyledon were collected for investigation okdplasmosis. Half portion of
tissues was kept for molecular study and half portiwere processed for
histopathological study. Firstly tissues were presé in Bouin's solution for 2-3
days. After that the samples were made smaller (5hickness). Again fixation was
done in Bouin’s solution (10 folds of the tissueesiend weight) and tissues were
fixed for 3- 5 days in the solution. The tissuegre trimmed into a thin section
and washed over night in running tape water tooee formalin. After that the
tissues were dehydrated by ascending ethaeoles to prevent shrinkage of
cells as per following schedule. The tissuesre dehydrated in 50%, 70%,
80%, 95%, 100%, 100%, 100% ethanol, one hiueach. Impregnation was
done in melted paraffin (56-60°c) for 3 hours. Thiea tissues were sectioned with a
microtome at pm thickness. A small amount of gelatin wasieat to the water
bath for better adhesion of the section He tlide. The sections were allowed
to spread on warm water bath at 40-42°C.nThe sections were taken on grease
free clear slides. The slides containing sectionevar dried and kept in cool place.

Then the slide was ready for routine hematoxylid @asin staining.
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The sectioned tissues were deparaffinizedhmee changes of xyline (three min
in each). Then the sectioned tissues weredrabgd through descending grades
of alcohol (three changes in absolute alcoltmiee min in each; 95% alcohol for
two min; 80% alcohol for two min; 70% alcohol fitvo min) followed by distilled
water for five min. After that the tissues wereirstd with Harris hematoxylin for
fifteen min and washed in running tap water forlBOmin. Then the tissues were
differentiated in acid alcohol by 2 to 4cudips in acid alcohol (1 part HCL and
99 parts 70% alcohol). Again washed in runninguegter for five min followed by
2-4 dips in ammonia water until sections were brlghe. After washing the sections
were stained with eosin for one minute. Differeteithand dehydrated in alcohol
(95% alcohol: three changes, 2-4 dips each; atesalaohol: three changes 2-3 min
for each). Then cleared in xyline: three change® (nin each). In final step tissues
were mounted with cover slip by using DPX. Therdedi were dried at room
temperature and examined under a low (10X) and H#®X, 100X) power

microscopic fields.
7.3.7 DNA amplification

PCR was performed in a 2720 thermal cycler® (AmplRiosystem) in a total
reaction volume of 28 containing 12.5l of GoTag® G2 hot start green master mix
(2X Green GoTaq®reaction buffer (pH 8.5), 480 dATP, 40M dGTP, 40QM
dCTP, 40QM dTTP and 4mM MgCI2), 1,8 of each of the primers (10 pico mole)
derived from B1 gene, 2 of template (sample DNA) and {usnuclease free water.
For the PCR amplification, initial denaturation waesformed at 94°C for 30 seconds,
followed by 50 cycles of denaturation at 94°C férskconds, annealing at 45°C for
30 seconds, extension at 72°C for 45 seconds aabdktension at 72°C for 10 min.
For the nested PCR, The PCR reaction was perfoahatmilar temperature to the
primary PCR, but the amplification cycles was aadrbut for 35 cycles. The PCR
amplified products were visualized by electrophmres agar rose gel 1.5% stained
with Ethidium bromide. Under a transilluminator via 100 bp DNA ladder, the

product length of the positive result was 197 bp.
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Table 7.1Details of primer used for PCR {Toxoplasma gondii)

Target gene Primer Sequence Amplicon| Reference
name size (bp)
B1 (primary) Toxa-F1 | 5-TCAAGCAGC GTATTG TCG A(-3 _ Wiengcharoetr
Toxo-R1 | 5-CCG CAG CGACTT CTATCT CT-3 etal.,, 2004
B1(secondary Toxe-F2 | 5-GGAACT GCATCCGTT CAT GA(-3 197 by
Toxo-R2 | 5-TCT TTAAAG CGTTCG TGG TC-3

7.3.8 PCR products purification

The protocol for PCR product purification was felled as mentioned in the
manufacturer's instruction. The commercially avadda PCR purification kit

(Favorgen, Korea®) was used and protocol was mesdi@arlier in section 3.3.8.
7.3.9 DNA Sequencing

Purified PCR products were sent for sequencing diroercial suppliers (Bioneer

Corp, South Korea) by Sanger sequencing method.
7.3.10 Phylogenetic analyses of sequences

The phylogenetic analyses of partial sequencd8bfgene of Toxoplasma gondii

according to the protocol that was mentioned inige@d.3.10.

7.3.11 Statistical analyses

The statistical analyses of epidemiological dataevearried out by following similar

methodology which was mentioned earlier in secldhll.
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7.4 Results

7.4.1 Clinical observation

All cases were admitted to the SAQ teaching veseyirhospital with history of
bloody discharge through vagina. Clinical and slr@ographical examination was
done to detect the fetus was either live or dedtl. aborted dam showed the signs of
anorexia but no nervous symptoms were detecteagltine time of examination. No
detectable gross lesions were observed in fetalidisduring the time of sample
collection (Fig. 7.1 and 7.2). Among all cases @)212 case were at <3.5 month

gestation and 11 cases were >3.5 month of gestation

Fig 7.1: Representative picture of  Fig 7.2: Representative picture of macerate
aborted fetus fetus

7.4.2 Molecular examination

DNA amplification of Toxoplasma gondiusing the mostly use81 gene primer
produced a 197bp fragment in nested PCR (Fig 78) showed the parasites in
36.84% goat and 25% sheep. The associations @freliff categorical variable with
toxoplasmosis positive samples were shown in TabR Abortion rate were
comparatively higher in animals age between 2-3syé&l.18%) in compared to the
animals age greater than 3 years. However, thecttmie of positivity of
toxoplasmosis was higher in poor body conditionetinals compared to good body
condition animals but it was not significant. Theyalence was significantly higher
in animals that abort at >3.5 months of age in camag to animals that abort at < 3.5
month of age. Presence of cat in the farm premigae not found as a significant

factor of toxoplasmosis.
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500bp

197bp 200bp

Fig 7.3: Amplification of the genomic DNA of Toxoplasma gondii  from tissue of
aborted small ruminants by usingB1 gene.Lane M is for 100 bp DNA ladder; N is
for negative control; Lanes 1-7 is suspected sasnplenes 1-6 having amplicons of
197 bp indicated presence Txoplasmaorganisms.

Table 7.2:Association of categorical variable with incidenceof Toxoplasma
abortion (by using Chi-square test). Significant asociation were observed in
between toxoplasmosis and gestation age.

Factor Factor level Percent of positive
cases
Species Goat (19) 36.84
Sheep (4) 25.00
Age category 2-3 years (17) 41.18
>3 years (6) 16.67
Body condition Good (12) 25.00
Poor (11 45.4F
Presence of ¢ Yes (22 36.3¢
No (1) 0.00
Abortion at <3.5 month (12) 0.00
>3.5 month (11) 72.73***

*** Significance at P<0.001
7.4.3 Histopathological findings

There is lymphocytic infiltration, the inflammatorgactions induced in the fetal brain
tissue. Accumulation of lymphocytes in the brasstie with presence of bradyzoites

cyst (Fig 7.4) ofT. gondii indicates the positivity of toxoplasmosis.
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Bradyzoites cyst

Fig 7.4: Histopathological study of brain tissue characteried by presence of
bradyzoite cysts(Indicated by arrow)

7.4.4 Phylogenetic analyses
Phylogenetic tree (Fig. 7.5) was constructed bygisiequences isolated from this
experiment and all related isolates deposited inegbank by using MEGA 5.1

software and followed the Neighbour joining methédl. isolate of this experiment

cluster together with isolate of India and Iran.
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B Goatisolaz-1 Bangdadesh K 17200746
B Goarizolar-2 Bangdadesh KUQ00747
B Goat isolatz-3/Bangladesh K 11900748
M sheep isolate 1 Bangladesh KUST7882
oi§27884654| Bl genstmman Iran
oi380234425| GRAG genechicken Ian
29 oi[483474658| B1 genemiceIndia
oi380234414| Bl genesparrow Iran
1 /303387306| GRAG genepigeonlran
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21283580620((GRAG) gene sheep Netherland
2206114319| mternal transcribed spacer | goatBrazl
a 0615564 18gb(KT312067.1| surface andgen sheep Eqvpt
mlgi-IIJl?S_‘-Slﬁ GRAG generatlran
| 2104454061 8 B 1great cormorants Slovakia
o383840508|(ROP13) genegoat USA
‘gillﬂﬁ?li?l B1 genesheep Iran

100
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10( 21260515693 (B1) gzn= Polandiaks water
g1558064840|B1 rabbit Korea
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Fig 7.5:Phylogenetic tree constructed from the nucleotideesjuences off. gondii

B1 gene and all relevant sequences derived from NCHLASTn search results
These sequences were deposited in GenBank fromeraliff countries and the
accession numbers and countries are shown befoleesname. Th&1 sequences
obtained in this study were indicated as sheemtsand goat isolate. The tree was
inferred using the neighbor joining method of MEGA, bootstrap values are shown
next to the branch point. Number next to the brademonstrates bootstrap support
from 1000 replications. All sites of the alignmesudntaining insertions-deletions,
missing data were eliminated from the analysisi¢optcomplete deletion”).
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7.5 Discussion

Abortions are a common problem in sheep and goatirfig industries worldwide and
can lead to substantial economic loss. Among matheroinfectious diseases,
toxoplasmosis is considered as responsible for lyjndate abortion in small
ruminants. In Bangladesh, few studies have beenlighgol reporting the
seroprevalence of toxoplasmosis in sheep and glatarding to these reports, the
prevalence ranged from 17-42% and 12-32% in sheaep goats respectively
(Shahiduzzaman et al., 2011; Samad et al., 1998\veMer no specific data were
available on the actual number of cases linKinggondii associated abortion and
stillbirth in these animals. Further diagnosis dffedent causes of abortion is
therefore necessary to explore the actual econolbgses associated with

toxoplasmosis in small ruminant industry in the oy

To our knowledge this is the first molecular studyvine and caprine toxoplasmosis
in Bangladesh that has detectedgondii using PCR, estimated its prevalence rate
among aborted animals and evaluated the poss#idactors. One of the objectives
of this study was to use a more sensitive andhielianolecular assay to detett
gondii from aborted fetal samples. Following previoushplshed protocols we have
amplified theB1 gene fragment which is thought to be highly sewsiind specific
for ToxoplasmdFilisetti et al., 2003). For DNA extraction weMeaused two different
sample types (aborted fetal brain and placentaprdow to published protocols.
While the tissue specific stages are usually abElan a number of tissues, available
literatures suggest a higher prevalenc&@foplasman brain, heart and placenta (De
Moraes et al., 2011; Moazeni Jula et al., 2013).

The type of the host is also important as the idecrate varies from species to
species. During this study the rate of abortion tutoxoplasmosis was recorded as
25% and 36.84% in sheep and goat respectively. Wais consistent with the
observation by previous investigators who recortid abortion rate as high as
35.6% and 43.7% for sheep and goats, respectivefynéd et al., 2008). The
comparative analyses of the species-specific stibdgp are not yet explored.
However, some authors reported goat species mepegtible to sheep but this is not
well accepted as various risk factors are assatiatgh the disease prevalence
(Tibary, 2009). Despite that it was assumed thatdtl be due to higher activity and
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movement of goats in compare to sheep which inerdas probability to get more

exposure to contaminated source.

During this study, the association of differenteggrical variables with the incidence
of toxoplasmosis was also assessed based on prediefuestionnaire. The general
conception is that the severity of toxoplasmosipetiels on the stage of gestation
when infection occurs in the host animals (Inneslgt2009). We recorded higher
incidence in animals that abort >3.5 months of ajest compared to animals that
abort <3.5 months of gestation. Previous repou aiglicated that infection prior to
40 days of gestation may cause embryonic deattfetadresorption, while infection
between 40 and 120 days of gestation results al feaceration, mummification or
abortion and infection after 120 days of gestapooduces stillbirth or birth of weak
kids or lamb (Menzies and Miller, 1997; Dubey ef 4087).

In this study all the positive cases were recolddtie farms that are frequented with
stray cats or kittens. However, although importéort transmission, this was not
statistically significant. Still one would assumat cats play an important role
through shedding millions dfoxoplasmabocysts that survive in the environment for
variable periods of time (Tenter et al., 2000) andnals may be infected by ingestion

of contaminated feed and water (Dubey, 2009).

The percentage of abortion was comparatively higheanimals with poor body
condition compared to healthy animals. This migatdssociated with the reduced
immunity in animals with compromised nutrition thatakes the animals more

vulnerable to acquire infection.

The prevalence of toxoplasmosis detected from thertad animals were
comparatively higher in age group of 2-3 years gd¢ & compared to age group of
more than 3 years of age. The findings are somewbatroversy to serological
findings that was described in previous experimirmay be due to development of
resistance of animals against clinical toxoplassio€lur study also indicates that

special care needed to pregnant animals at thefdy8 years of age.

Until now, confirmatory diagnosis of abortion due toxoplasmosis is based on
characteristics histopathological findings, is@atof organisms from fetal tissues and

modern molecular diagnostic tools (Losson and Bux0607). The most common
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lesion observed in abortion By, gondiiis necrotizing placentitis exclusively in the
cotyledonary areas and non suppurative encephéliiddeira et al., 2011). In our
study we have done the histopathological studyetdlfbrain and cotyledon tissues.
We found only one positive histopathological chamgérain tissue which was the
lymphocyte infiltration along with the presencelwadyzoite cysts. Non-suppurative
encephalitis with necrotic areas was also describgdsome other investigators
(Uggla et al. 1987; Bari et al., 1993).

Although there are only one species under the gefmsplasma significant
intraspecific differences with respect to diseass@ntation were observed (Sibley et
al., 2002). This strain variation is based on pgéimcity in mice as well as variability
in specific genetic markers, including tB& gene. In this study phylogenetic analyses
following DNA sequencing revealed that all threafooned isolates of goats and one
confirmed isolate of sheep were clustered togatharsame clade which was similar
to the sequence &1 gene human, IrarB1 gene mice, IndiaB1 gene sparrow, Iran
which was supported by high bootstrap value. Algiothis present study determined
the coding sequences of tBd genes and revealed relatively considerable sequence
variability within this locus amongdr. gondii isolates from different hosts and
geographical regions. There is some variation ignatent when comparing each
isolate to other it may be due to there is a 35ex0pfB1 gene in locus which are
highly variable (Wahab et al., 2010).
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7.6 Conclusion

Diagnoses of causal agents of abortion in smallimants are always difficult using
conventional approaches. During this study, pasitbases of toxoplasmosis were

further verified using histopathology and PCR basedkecular identification.

While characteristics histopathological changesewdetected in tissue like fetal
brain, the source of transmission need to be ifiedtio unravel the transmission
dynamics of toxoplasmosis in small ruminants. Dagi® based on histopathology
could be a reliable option but selection of samgt@sparsite concentration is an

important concern and may lead to false negative.

The PCR assay was able to successfully amplifyighdragment ofToxoplasma B1
gene. Further study using other marker gene canplemnent the findings.
Phylogenetic analysis of the sequence data indicatestering of all the Bangladeshi

isolates in a single clade indication less gerditiersity among the isolates.

The epidemiological factors associated with smathinants toxoplasmosis indicates
gestation age (greater than 3.5 months) and coafenfection was suspected.
During periods special care like restrict the mogatrof final host at farm premises
will needed by the farmers to avoid the unwantedridn. Further analysis with

larger aborted samples and in depth molecular tigat®on can comprehensively

explore the transmission pattern of these impozanhotic protozoa.
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Chapter-8
General conclusion and recommendations

Bangladesh is a developing country where livesiadkistries play important role in
rural economy. Various diseases including parasitiections are responsible for
substantial morbidity and mortality leading to upested economic loss by the
marginal farmers. The geographic landscapes aref different factors are thought
to be related with the relative incidence and pieswee of these parasitic diseases in
different parts of the country. Keeping this in ahipresent study was conducted to
increase our understanding of the current scenafribemoprotozoan diseases in
southern part of Bangladesh. The samples werectetleexclusively from Chittagong
regions while some other districts were also vikifer comparative prevalence
studies. Although vector borne diseases are knawhawe significant impact in
livestock farming and substantial economic lossespaesumed, no economic impact
has been published till date. We attempted to mieahe prevalence of important
protozoan illness including anaplasmosis, babesiodirypanosomiasis and
toxoplasmosis along with validation of the diagmosprotocols (including
microscopic, molecular and histopathological teqghes) that has been reported
previously. The study was the first molecular irigegion in Bangladesh using DNA
based molecular characterization which was followsd sequencing by Sanger
method and subsequent phylogenetic analyses. We aalsessed the various risk
factors associated with the variation of prevaleoicthese diseases by using classical
statistical tools. Altogether the present studyhhghted the need for further in depth
analyses and country-wide surveillance of vectanrbdemoparasitic diseases which
is crucial to prevent future outbreak as well astaeng the economic losses

associated with these diseases.

Anaplasmosis is thought to be an important pacasifection in cattle in Bangladesh
where different seasons are prevailing. Seasor@tian was found as important
factor associated with incidence of anaplasmosithé country during this study.
Significant higher prevalence of anaplasmosis wasewed in winter compared to
summer and rainy seasons. Sequencing of parti@ fragment was found useful in

molecular characterization of different isolatesrtRer geographic analyses revealed
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their phylogenetic position closer to the isolatgsorted earlier from other countries

including China, Argentina, Australia and Mexico.

Babesiosis is also an important parasitic infectioncattle in Bangladesh which
hinder the development of livestock developmenBangladesh. Different factors
playing role in the disease prevalence where seasme found as an important
factors associated with the incidence of babesi@gnificant higher prevalence was
observed in summer season in compared to rainyvanter season. The disease
commonly affects the animals aged 6-18 months. &srjog of partial gene fragment
was found useful in molecular characterization affedent isolates. Through

phylogenetic analysis, two distinct clusters weoeinfd of which one was closely
related toBabesia ovatand another cluster was closely relate@abesia bigemina

Further study can highlight any other species ixjsh this country where many tick
vectors are available and no or minimum preventheasures are followed by the

farmers.

Trypanosomiasis is one of the important diseases lgequently reported in

Bangladesh. During this study only one farm wasntbio have positive cases
indicating sporadic nature of this protozoan. Phglwetic analyses revealed that the
isolates recovered fypanosoma evarnsiluring this study were closely related to the

isolates previously reported from countries likevlan, Thailand, Japan and Egypt.

Toxoplasmosis is an important disease of small mamts causing significant
economic losses by causing abortion, still birtll ather congenital disturbances.
Different factors are thought to be associated wille toxoplasmosis. The
seroprevalence was observed higher in goat thampsh&he prevalence of
toxoplasmosis was significantly (P<0.05) higher thee age group of >2 years
compared to the younger age group of 1- 2 years<dngear. Several factors like
history of abortion, use of clean water etc. weyantl as possible risk factor that

might be contributory to toxoplasmosis in the stadyas.

Toxoplasmosis was found as a possible cause fatiabon the sheep and goats in
study areas. The present study attempted to igieaitithe different factors associated
with these abortions that might be linked to toasphosis.
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Based on the above findings and reviewing the agieiteratures, following

recommendations are suggested as the output pfeisent study:-

a) The year-long and countrywide surveillance afteeborne hemoparasitic diseases
are necessary to assess seasonal variations affdwdions and predict necessary

control measures.

b) Alongside age, sex, breed, species farm manageaman important factor towards

the prevalence of hemoparasitic diseases in smdllaage ruminants.

c) Necessary database for vector and their geomgrdptations need to be available

by farmers in different parts of the country torp&tfective containment strategies.

d) Classical diagnostic protocols are useful feddfilevel diagnosis by thin blood

smear and can be adopted for regular surveillance.

e) Advanced molecular diagnostics are availableitypareas which should be made
available to remote areas by concerned livestockicge personnel. These can be
achieved by developing sample collection and ddp&b the nearest molecular test
lab and result of the test can be shared by didésices (e.g. Email or mobile phone

etc.).

f) Economic loss associated with each specific arelbbrne hemoparasitic diseases

need to be ascertained before planning any coatidblprevention initiatives.
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Annex-1: Questionnaire used for collection of farndata
(Blood parasite)

la. Farm level data

1. Name of the farm:..........coooiii i Mobile No.

2. Address of the farm:.............. Ward Thana.............. isD
3. Economic condition of farm owner: 1=ultra padrpoor, 3=Moderate

4. Type of Farm: 1= cattle, 2= sheep, 3= Goatixed

5. Govt. Registration: 1=Yes 2=No 3=Applietf yes Reg No:

6. Receive training on Farming=Yes; 2=No

7. Record of farm data? 1= Yes; 2= No

8. Current population of cattle at farm ..................

9. Farm composition: Total adult female............ Milgin..............
Pregnant ............Total Heifer......... Prepubertal.............. Pubkrt.............
Total calf: Male ............ Female ............Total male animal...........

10. Last year farm dynamics/changes: animals bought....... animal sold..........

11. Floor type, 1=Paka (Cemented/semi-sementedy}&i(uncemented)

12. Drainage system of the farm: 1= Good 2= Moer&= Poor 4= Nothing

13. Position of drain: 1= Back of the stall/housd&tween animal rows (middle)

3= Other

14. Passage of animal waste: 1= Fast, well sloppedconnected to central outlet
2=Slow passage, not well connected to outlet

15. Frequency of the cleaning of the floor: 1= Odady 2=every alternate day

3=more than once daily 4=No schedule

16. Do you use disinfectant for cleaning? 1= Yagquent) 2= Yes

(infrequent/sometimes); 3= not at all

17. Visual hygienic score 1= Most cows hind papgear clean; 2=Most cows

buttock and tail areas painted with excreta; 3=trobghe cows back and hind quarter

paint extended up to lower abdomen.

18. Do you practice routine vaccination? 1= YesN\d

19. Do you practice routine deworming? 1= YesN&=

1b. Individual animal data

Sl. Farm Study Age | Sex Breed Parity Current
no. ID ID status
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Annex-2: Questionnaire used for collection of farndata
(Toxoplasma)

2a. Farm level data

.Name of the farm:.............oooi i Mobile No.

. Address of the farm:.............. Ward..................Thana.............. isD

. Type of Farm: 1= cattle, 2= sheep, 3= Goat,ixed

. Govt. Registration: 1=Yes 2=No 3=Applietf yes Reg No:

. Receive training on Farmingi=Yes; 2=No

. Record of farm data? 1= Yes; 2= No

. Current population of farm . .. :

. Farm composition: Total adult female ......Kid/Llam.............

Pregnant ......... Total male animal..

10. Last year farm dynamlcs/changes anlmals bought....... animal sold..........

11. Sources of drinking water: 1= Tubewell; 2= Tegter (wasa); 3=Pond water;

4= other sources

12. Do you practice chlorination of waterd= Yes; 2= No

13. How frequently do you clean feeder and watdrerdaily; 2=every alternate day;

3= weekly; 4= No schedule.

14. Do you practice routine vaccination? 1= YesN\d

15. Do you practice routine deworming? 1= YesN&=

16. Presence of cat in the farm area: 1= yes 2= no

17. Disposal methods of carcass/placenta: 1 = B@ra throwing to nearby field,
= left on ground, 4 = offer to dog/cat

18. History of abortion? 1= Yes, 2=No

OCOoO~NOOTADNPEF

2b. Individual animal data

Sl. Farm | Study | Age | Sex BCS Parity| Current | history of
no. ID ID status | abortion
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2c. Aborted animal data

Sl

no.

Study

Species

Age

Body
condition

Clinical
history

Presence
of cat

Abortion
age
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Annex-3:

Submitted sequence to NCBI gene bank

3a. Anaplasma marginalesolate CVASU/DPP/cattle/Imajor surface protein 4
(msp4) genes, partial cds
GenBank: KX110079.1

FASTA Graphics
Go to:
LOCUS KX110079 546 bp DNA |'i near BCT 20- JUN- 2016

DEFI NI TI ON  Anapl asna margi nal e i sol ate CVASU DPP/cattl e/ 1 major surface
protein 4 (nmsp4) gene, partial cds.
ACCESSI ON  KX110079

VERSI ON KX110079.1 @ :1036254028
KEYWORDS .
SOURCE Anapl asma nmar gi nal e

ORGANI SM  Anapl asma_mar gi nal e
Bacteria; Proteobacteria; Al phaproteobacteria; Rickettsiales;
Anapl asrmat aceae; Anapl asma.
REFERENCE 1 (bases 1 to 546)

AUTHORS Mannan, A., Siddiki,A Z, IslamMS.I., Ahaduzzanan, M, Akter,Y.,
Masuduzzaman, M, Al auddin, M and Hossain, M A
TI TLE Mol ecul ar identification and characterization Anaplasma spp in

cattle in Chittagong division, Bangladesh
JOURNAL Unpubl i shed
REFERENCE 2 (bases 1 to 546)

AUTHORS Mannan, A., Siddiki,A Z, IslamMS.I., Ahaduzzanan, M, Akter,Y.,
Masuduzzanman, M, Al auddin, M and Hossain, M A
TI TLE Di rect Subnission

JOURNAL Submitted (21- APR-2016) Pathol ogy and Parasitol ogy, Chittagong
Veterinary and Ani nal Sciences University, Zakir Hossain Road,
Chi ttagong 4225, Bangl adesh
COMVENT ##Assenbl y- Dat a- START##
Sequenci ng Technol ogy :: Sanger di deoxy sequencing
##Assenbl y- Dat a- END##
FEATURES Location/Qualifiers
source 1..546
/ organi sn¥" Anapl asma nar gi nal e"
/ mol _type="genom ¢ DNA"
/i sol at e=" CVASU/ DPP/ cattl e/ 1"
/i sol ati on_sour ce="bl ood"
/host="cattle"
/ db_xref="taxon: 770"
/ count ry="Bangl adesh"
/col | ecti on_dat e="14-Jan-2014"
/col | ected_by="Abdul Mannan"
/note="anplified with species-specific priners"
gene<l..>546
/ gene="nsp4"
CDS<1. . >546
/ gene="nsp4"
/codon_start=1
/transl _tabl e=11
/ product ="naj or surface protein 4"
/protein_id="ANJ77771. 1"
/db_xref="G :1036254029"
/transl ati on=" KSGYNFAFSKNLI TSFDGAVGYSL GGARVEL EASYRRFATLADG
QYAKSGAESLATI TRDANI TETNYFVVKI DEI TNTSVM_NGCYDVLHTDLPVSPYVCA
A GASFVDI SKVTTKLAYRGKVG SYQFTPEI SLVAGGFYHGLFDESYKDI PAHNSV
KFSGEAKASVKAHI ADYGFNLG'
ORIG N
1 aaatccgggt acaattttgc cttctctaaa aacttaatca cgtctttcga cggcgetgtg
61 ggatattctc taggaggagc cagagtggaa ttggaagcga gctacagaag gtttgctact
121 ttggcggacg ggcagtacgc aaaaagtggt gcggaatctc tggcaactat tacccgcgac
181 gctaacatta ctgagaccaa ttacttcgta gtcaaaattg atgaaatcac aaacacctca
241 gtcatgttaa atggctgcta tgacgtgctg cacacagatt tgcctgtgtc cccgtatgta
301 tgtgcaggga taggcgcaag ctttgttgac atctctaagc aagtaaccac aaagctggcc
361 tacaggggca aggttgggat tagctaccag tttactccgg aaatatcctt ggtggcaggt
421 gggttctacc acgggctatt tgatgagtct tacaaggaca ttcccgcaca caacagtgta
481 aagttctctg gagaagcaaa agcctcagtc aaagcgcata ttgctgacta cggctttaac
541 cttgga
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3b. Babesia ovata isolate DPP/CVASU-118S ribosomal RNA gene, partial

sequence
GenBank: KU837251.1
FASTA Graphics
Go to:
LOCUS KU837251 379 bp DNA l'i near I NV 13- MAR-
2016
DEFI NI TION Babesi a ovata isol ate DPP/ CVASU-1 18S ri bosonmal RNA gene,
parti al
sequence.
ACCESSI ON  KU837251
VERSI ON KU837251.1 G :1003342652
KEYWORDS .
SOURCE Babesi a ovata
ORGANI SM Babesi a ovata
Eukaryota; Al veol ata; Apiconpl exa; Aconoi dasida; Piroplasm da;
Babesi i dae; Babesi a.
REFERENCE 1 (bases 1 to 379)
AUTHORS  Mannan, A, Siddiki,A Z., IslamMS., Akter,Y., Ahaduzzaman, M,
Masuduzzaman, M and Hossain, M A
TITLE Mol ecul ar identification and characterization Babesia spp in
cattle
in Chittagong division, Bangladesh
JOURNAL Unpubl i shed
REFERENCE 2 (bases 1 to 379)
AUTHORS Mannan, A., Siddiki,A Z., IslamMS., Akter,Y., Ahaduzzaman, M,
Masuduzzaman, M and Hossain, M A
TI TLE Di rect Subm ssion
JOURNAL Subm tted (29-FEB-2016) Pathol ogy and Parasitol ogy, Chittagong
Vet erinary and Animal Sciences University, Zakir Hossain Road,
Chittagong 4225, Bangl adesh
COMVENT ##Assenbl y- Dat a- START##
Sequenci ng Technol ogy :: Sanger dideoxy sequencing
##Assenbl y- Dat a- END##
FEATURES Location/Qualifiers
sour ce 1..379
/ or gani sm=" Babesi a ovata"
/ nol _type="genom c DNA"
/i sol at e=" DPP/ CVASU- 1"
/i sol ati on_sour ce="bl ood"
[ host="cattle"
/ db_xref ="t axon: 189622"
/ count ry="Bangl adesh"
/col |l ection_date="12-Jan-2014"
/ col | ect ed_by="Abdul Mannan"
[ PCR_pri mers="fwd_nane: bab-f, fwd_seq:
tttctgntccat cagcttgac, rev_nanme: bab-r, rev_seq:
caagacaaaagt ct gctt gaaa"
r RNA<1. . >379
/ product ="18S ri bosormal RNA"
ORIG N
1 gcacgggtaa cggggaatta gggttcgatt ccggagaggg agcct gggaa acggctacca
61 catctaagga aggcagcagg cgcgcaaatt acccaatcct gacacaggga ggtagtgaca
121 agaaataaca atacagggct ttcgtcttgt aattggaatg atggtgacgt aaaagctcgc
181 cagagtacca attggagggc aagtctggtg ccagcagccg cggtaattcc agctccaata
241 gcgtatatta aacttgttgc agttaaaaag ctcgtagttg tatttcagcc cgtcgtattt
301 tcccgttttg ggtttttgecg cgggectatt tttactttga gaaaattaga gtgtttcaag
361 cagatttttt gtcttgaga
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3c. Babesa ovata isolate DPP/CVASU-218S ribosomal RNA gene, partial

sequence

GenBank: KU877881.1

FASTA Graphics

Go to:

LOCUS KU877881 359 bp DNA l'i near I NV 13- MAR-
2016

DEFI NI TION Babesi a ovata isol ate DPP/ CVASU-2 18S ri bosomal RNA gene,
parti al

seqguence.
ACCESSI ON  KU877881
VERSI ON KU877881.1 G :1003342649
KEYWORDS .
SOURCE Babesi a ovata

ORGANI SM Babesi a ovata
Eukaryota; Al veol ata; Apiconpl exa; Aconoi dasida; Piroplasm da;
Babesi i dae; Babesi a.
REFERENCE 1 (bases 1 to 359)
AUTHORS  Mannan, A, Siddiki,A Z., IslamMS., Akter,Y., Ahaduzzaman, M,
Masuduzzaman, M and Hossain, M A
TITLE Mol ecul ar identification and characterization Babesia spp in
cattle
in Chittagong division, Bangladesh
JOURNAL Unpubl i shed
REFERENCE 2 (bases 1 to 359)
AUTHORS Mannan, A., Siddiki,A Z., IslamMS., Akter,Y., Ahaduzzaman, M,
Masuduzzaman, M and Hossain, M A
TI TLE Di rect Subm ssion
JOURNAL Subm tted (08-MAR-2016) Pathol ogy and Parasitol ogy, Chittagong
Vet erinary and Animal Sciences University, Zakir Hossain Road,
Chittagong 4225, Bangl adesh

COMVENT ##Assenbl y- Dat a- START##
Sequenci ng Technol ogy :: Sanger dideoxy sequencing
##Assenbl y- Dat a- END##
FEATURES Location/Qualifiers
sour ce 1..359

/ or gani sm=" Babesi a ovata"

/ nol _type="genom c DNA"

/i sol at e=" DPP/ CVASU- 2"

/i sol ati on_sour ce="bl ood"
/host="cattle"

/ db_xref ="t axon: 189622"

/ count ry="Bangl adesh"

/ col | ection_dat e="14-Jan-2014"
/ col | ect ed_by="Abdul Mannan"

r RNA<1..>359
/ product ="18S ri bosormal RNA"
ORIG N
1 cacgggtacg gggaattagg gttcgattcc ggagagggag cctgagaaac ggctaccaca
61 tctaaggaag gcagcaggcg cgcaaattac ccaatcctga cacagggagg tagt gacaag
121 aaataacaat acagggcttt cgtcttgtaa ttggaatgat ggtgacgtaa aagctcgcca
181 gagtaccaat tggagggcaa gtctggtgcc agcagccgcg gtaattccag ctccaatagce
241 gtatattaaa cttgttgcag ttaaaaagct cgtagttgta tttcagcccg tcgtattttc
301 ccgttttggg tttttgecgecg ggectatttt tactttgaga aaattagagt gtttcaagce
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3d. Babesia ovata isolate DPP/CVASU-318S ribosomal RNA gene, partial
sequence
GenBank: KU947081.1

FASTA Graphics
Go to:

LOCUS KU947081 370 bp DNA I'i near I NV 26- APR-
2016

DEFI NI TI ON Babesi a ovata isol ate DPP/ CVASU-3 18S ri bosonal RNA gene,

parti al

sequence.
ACCESSI ON  KU947081
VERSI ON KU947081.1 G :1021207731
KEYWORDS .
SOURCE Babesi a ovata

ORGANI SM Babesi a ovata
Eukaryota; Al veol ata; Api conpl exa; Aconoi dasi da; Piroplasm da;
Babesi i dae; Babesi a.
REFERENCE 1 (bases 1 to 370)
AUTHORS Mannan, A., Siddiki,A Z., IslamMS., Akter,Y., Ahaduzzaman, M,
Masuduzzaman, M and Hossai n, M A
TITLE Mol ecul ar identification and characterization of Babesia spp. in
cattle in Chittagong division, Bangladesh
JOURNAL Unpubl i shed
REFERENCE 2 (bases 1 to 370)
AUTHORS Mannan, A., Siddiki,A Z, IslamMS., Akter,Y., Ahaduzzaman, M,
Masuduzzaman, M and Hossain, M A
TI TLE Direct Submi ssion
JOURNAL Submitted (17- MAR-2016) Pathol ogy and Parasitol ogy, Chittagong
Vet erinary and Ani mal Sciences University, Zakir Hossain Road,
Chi ttagong, Chittagong 4225, Bangl adesh

COMVENT ##Assenbl y- Dat a- START##
Sequenci ng Technol ogy :: Sanger dideoxy sequencing
##Assenbl y- Dat a- END##
FEATURES Location/Qualifiers
source 1..370

/ or gani sm=" Babesi a ovat a"

/ mol _type="genom c DNA"

/i sol at e=" DPP/ CVASU- 3"

/i sol ati on_sour ce="bl ood"

/ host="cattle"

/ db_xref ="t axon: 189622"

/ count ry="Bangl adesh"

/ col | ection_dat e="14-Jan-2014"

/ col | ect ed_by="Abdul Mannan"

/ PCR _primers="fwd_nane: bab-f, fwd_seq:
tttctgntccatcagcttgac, rev_nane: bab-r, rev_seq:
caagacaaaagt ct gctt gaaa"

r RNA<1. . >370
/ product =" 18S ri bosonmal RNA"
ORIG N
1 cacgggtacg gggaattagg gttcgattcc ggagagggag cctgagaaac ggctaccaca

61 tctaaggaag gcagcaggcg cgcaaattac ccaatcctga cacagggagg tagtgacaag
121 aaataacaat acagggcttt cgtcttgtaa ttggaatgat ggtgacgtaa aagctcgcca
181 gagtaccaat tggagggcaa gtctggtgcc agcagccgcg gtaattccag ctccaat agc
241 gtatattaaa cttgttgcag ttaaaaagct cgtagttgta tttcagcccg tcgtattttc
301gttttggg tttttgcgecyg ggectatttt tactttgaga aaattagagt gtttcaagca
361 tttttgtce
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3e.Babesa ovata isolate DPP/CVASU-418S ribosomal RNA gene, partial

sequence

GenBank: KU947082.1
FASTA Graphics

Go to:

LOCUS

2016

DEFI NI TI ON
parti al

ACCESSI ON
VERSI ON
KEYWORDS

SOURCE
ORGANI SM

REFERENCE
AUTHORS
TI TLE
JOURNAL

REFERENCE
AUTHORS
TITLE
JOURNAL

COMVENT

FEATURES
source

r RNA<1..>357

ORIG N

1 gggaattagg gttcgattcc ggagagggag cctgagaaac
61 gcagcaggcg cgcaaattac ccaatcctga cacagggagg
121 acagggcttt cgtcttgtaa ttggaatgat ggtgacgtaa
181 tggagggcaa gtctggtgcc agcagccgcg gtaattccag
241 cttgttgcag ttaaaaagct cgtagttgta tttcagcccg
301 tttttgcgecg ggectatttt tactttgaga aaattagagt

KU947082 357 bp DNA

i near

Babesi a ovata isol ate DPP/ CVASU-4 18S ri bosomal RNA

sequence.
KU947082
KU947082.1 G :1021207733

Babesi a ovata
Babesi a ovat a

INV 26- APR-

gene,

Eukaryota; Al veol ata; Api conpl exa; Aconoi dasi da; Piroplasm da;

Babesi i dae; Babesi a.
1 (bases 1 to 357)

Mannan, A., Siddiki,A Z., IslamMS., Akter,Y., Ahadu

Masuduzzaman, M and Hossai n, M A

zzaman, M ,

Mol ecul ar identification and characterization of Babesia spp. in

cattle in Chittagong division, Bangladesh

Unpubl i shed
2 (bases 1 to 357)
Mannan, A., Siddiki,A Z., IslamMS., Akter,Y., Ahaduzzaman, M,
Masuduzzaman, M and Hossain, M A
Di rect Subm ssion
Submitted (17- MAR-2016) Pathol ogy and Parasitol ogy, Chittagong
Vet erinary and Animal Sciences University, Zakir Hossain Road,
Chi ttagong, Chittagong 4225, Bangl adesh
##Assenbl y- Dat a- START##
Sequenci ng Technol ogy :: Sanger dideoxy sequencing
##Assenbl y- Dat a- END##
Location/Qualifiers
1..357
/ or gani sm=" Babesi a ovat a"
/ mol _type="genom c DNA"
/i sol at e=" DPP/ CVASU- 4"
/i sol ati on_sour ce="bl ood"
/ host="cattle"
/ db_xref ="t axon: 189622"
/ count ry="Bangl adesh"
/ col | ection_dat e="14-Jan-2014"
/ col | ect ed_by="Abdul Mannan"
/ PCR _primers="fwd_nane: bab-f, fwd_seq:
tttctgntccat cagcttgac, rev_name: bab-r, rev_seq:

caagacaaaagt ct gctt gaaa"

/ product =" 18S ri bosonmal RNA"
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3f. Babesia bigemina isolate DPP/CVASU-518S ribosomal RNA gene, partial

sequence

GenBank: KX228228.1

FASTAGraphics

Go to:

LOCUS KX228228 284 bp DNA linear | NV 08-OCT-
2016

DEFI NI TI ON  Babesi a bi gem na i sol ate DPP/ CVASU-5 18S ri bosomal RNA gene,
partial sequence
ACCESSI ON  KX228228

VERSI ON KX228228.1 @G :1072839799
KEYWORDS .
SOURCE Babesi a bi gem na

ORGANI SM Babesi a bi geni na
Eukaryota; Al veol ata; Api conpl exa; Aconoi dasi da; Piroplasm da
Babesi i dae; Babesi a.
REFERENCE 1 (bases 1 to 284)
AUTHORS Mannan, A., Siddiki,A Z., IslamMS., Akter,Y., Ahaduzzaman, M,
Masuduzzaman, M and Hossain, M A
TITLE Mol ecul ar identification and characterization of Babesia spp. in
cattle in Chittagong division, Bangl adesh
JOURNAL Unpubl i shed
REFERENCE 2 (bases 1 to 284)
AUTHORS Mannan, A., Siddiki,A Z., IslamMS., Akter,Y., Ahaduzzaman, M,
Masuduzzaman, M and Hossain, M A
TI TLE Direct Subm ssion
JOURNAL Subm tted (08-MAY-2016) Pat hol ogy and Parasitol ogy, Chittagong
Vet erinary and Ani mal Sciences University, Zakir Hossain Road
Chittagong 4225, Bangl adesh

COMVENT ##Assenbl y- Dat a- START##
Sequenci ng Technol ogy :: Sanger dideoxy sequencing
##Assenbl y- Dat a- END##
FEATURES Location/ Qualifiers
sour ce 1..284

/ or gani sm=" Babesi a bi geni na"

/ nol _type="genom c DNA'

/i sol at e=" DPP/ CVASU- 5"

/i sol ati on_sour ce="bl ood"
/host="cattle"

/ db_xref ="t axon: 5866"

/ count ry="Bangl adesh"

/ col | ecti on_dat e="14-Jan-2014"
/ col | ect ed_by="Abdul Mannan"
/identified_by="Abdul Mannan"

r RNA<1. . >284
/ product ="18S ri bosormal RNA"
ORIG N
1 cctgacacag ggaggtagtg acaagaaata acaatacaga gcaatccgtt ttgtaattgg

61 aatgatggtg acgtaaaagc tcaccaaagt accaattgga gggcaagtct ggtgccagca
121 gccgeggtaa ttccagctcc aatagcgtat attaaacttg ttgcagttaa aaagctcgta
181 gttgtatttc agcctcgecga cttgtccatt tttttggttc acttcgetgg cttttgtttt
241 actttgagaa aattagagtg tttcaagcag actttttgtc ttga
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3g. Babesia ovata isolate DPP/CVASU-618S ribosomal RNA gene, partial

sequence
GenBank: KX228229.1
FASTAGraphics
Go to:
LOCUS KX228229 370 bp DNA I'i near I NV 08- OCT-
2016
DEFI NI TION Babesi a ovata isol ate DPP/ CVASU-6 18S ri bosomal RNA gene,
parti al
sequence.
ACCESSI ON  KX228229
VERSI ON KX228229.1 @G :1072839800
KEYWORDS .
SOURCE Babesi a ovata
ORGANI SM Babesi a ovata
Eukaryota; Al veol ata; Api conpl exa; Aconoi dasi da; Piroplasm da;
Babesi i dae; Babesi a.
REFERENCE 1 (bases 1 to 370)
AUTHORS Mannan, A., Siddiki,A Z., IslamMS., Akter,Y., Ahaduzzaman, M,
Masuduzzaman, M and Hossai n, M A
TITLE Mol ecul ar identification and characterization Babesia spp in
cattle
in Chittagong division, Bangladesh
JOURNAL Unpubl i shed
REFERENCE 2 (bases 1 to 370)
AUTHORS Mannan, A., Siddiki,A Z., IslamMS., Akter,Y., Ahaduzzaman, M,
Masuduzzaman, M and Hossai n, M A
TITLE Di rect Subm ssion
JOURNAL Subm tted (08-MAY-2016) Pat hol ogy and Parasitol ogy, Chittagong
Vet erinary and Animal Sciences University, Zakir Hossain Road,
Chittagong 4225, Bangl adesh
COMMVENT ##Assenbl y- Dat a- START##
Sequenci ng Technol ogy :: Sanger dideoxy sequencing
##Assenbl y- Dat a- END##
FEATURES Location/Qualifiers
sour ce 1..370
/ or gani sm=" Babesi a ovat a"
/ nol _type="genom c DNA"
/i sol at e=" DPP/ CVASU- 6"
/i sol ati on_sour ce="bl ood"
/ host="cattle"
/ db_xref ="t axon: 189622"
/ count ry="Bangl adesh"
/ col | ection_dat e="14-Jan-2014"
/ col | ect ed_by="Abdul Mannan"
/identified_by="Abdul Mannan"
r RNA<1..>370
/ product ="18S ri bosormal RNA"
ORIG N
1 ttagagcgtt ctgcattccg gagagggagc cttggaagaa acggctacca catctaagga
61 aggcagcagg cgcgcaaatt acccaatcct gacacaggga ggtagtgaca agaaataaca
121 atacagggct ttcgtcttgg aattggaatg atggtgacgt aaaagctccc cagaatacca
181 attggagggc aagtctgggg ccagcagccg cggtaattcc agctccaata acgtatatta
241 aacttgttgc agttaaaaag ctcgtaattg tatttcagcc cgtcgtattt tccecgttttg
301 ggtttttgect cgggectatt tttactttga taaaaataaa gtgtttgtag cagacttttg
361 tctttgttga
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3h. Trypanosoma evans isolate CVASU/Bangladesh/018S ribosomal RNA gene,
partial sequence

GenBank: KC675213.1

FASTA Graphics

Go to:

LOCUS
2013
DEFI NI TI ON

ACCESSI ON
VERSI ON
KEYWORDS
SOURCE
ORGANI SM

REFERENCE
AUTHORS

TITLE

JOURNAL
REFERENCE

AUTHORS

TITLE
JOURNAL

COMVENT

FEATURES
source

r RNA<L. . >467

ORIG N

1 at cgaccgcg
cgtgcctatt
aatatcctca
ggattattct
tcgettactt
tt aaat caac
tggact ct at
gcaat ggaag

61
121
181
241
301
361
421

KC675213 467 bp DNA I'i near I NV 26- MAY-

Trypanosonma evansi i sol ate CVASU Bangl adesh/ 01 18S ri bosormal RNA
gene, partial sequence.

KC675213

KC675213.1 @ :506458608

Trypanosona evansi
Trypanosona evansi
Eukaryot a; Eugl enozoa,;
Trypanosona.
1 (bases 1 to 467)
Das,S., AimMA., Das,A, IslamMS.,
Masuduzzaman, M and Hossai n, M A
Mol ecul ar detection of Trypanosone fromcattle in Bangl adesh
Unpubl i shed
2 (bases 1 to 467)
Das,S., AimMA., Das,A, IslamMS.,
Masuduzzaman, M and Hossain, M A
Di rect Subm ssion
Subm tted (21-FEB-2013) Ml ecul ar Bi ol ogy and Genetics,
University, Blichers Alle 20, Tjele 8830, Denmark
##Assenbl y- Dat a- START##
Sequenci ng Technol ogy ::
##Assenbl y- Dat a- END##

Location/Qualifiers

1..467

/ or gani sme" Tr ypanosonma evansi "

/ mol _type="genom c DNA"

/i sol at e=" CVASU Bangl adesh/ 01"

[ db_xref ="t axon: 5697"

/ count ry="Bangl adesh: Chittagong"

/ col | ection_date="03-Jul -2012"

/ not e="db_xr ef =Taxon: 5697"

Ki net opl asti da; Trypanosonati dae;

Si ddi ki, A Z.,

Si ddi ki, A Z.,

Aar hus

Sanger di deoxy sequenci ng

/ product ="18S ri bosormal RNA"
ccaatttatt

cttccggggt
t ggagggt ac
aacaacctt g
ccataaatta
t aat cagat a
cct gcaaatt
cacattt

tatcaattta
tttttacggg
ct caccgggg
tgtcgacata
caaat t gggg
aagct gct aa
ggaaagacct

ttttgtgeccg
cggttccctce
tacttcttca
aacacct cca
gcgtttagta
at ccgaat ga
attgatatcc
aat accatta

accct cggec
ttttgaggtt
cgcaaaagct
aaact gcat a
t ggt aact aa
t aaagcct gc
aaattt aaat
tgttaacatg

t gt ggcggcc
ctat cacccc
gcacgtttct
ctctcaagtg
tacatttttc
actt gt gt at
ccgat aat ag
t cacat cggt
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3i. Toxoplasma gondii isolate CVASU/DPP/sheep/201antigen protein gene,
partial cds
GenBank: KU877882.1

FASTA Graphics
Go to:

LOCUS KU877882 151 bp DNA I'i near I NV 13- MAR-

2016

DEFI NI TION  Toxopl asma gondii isol ate CVASU DPP/ sheep/ 2015 antigen protein
gene, partial cds.

ACCESSI ON  KU877882

VERSI ON KU877882.1 @ :1003342650
KEYWORDS .
SOURCE Toxopl asma gondi i

ORGANI SM  Toxopl asma gondi i
Eukaryota; Al veol ata; Api conpl exa; Conoi dasi da; Cocci di a;
Eucocci di orida; Eineriorina; Sarcocystidae; Toxopl asma.
REFERENCE 1 (bases 1 to 151)
AUTHORS Mannan, A., Siddiki,A Z., IslamMS., Akter,Y., Ahaduzzaman, M,
Masuduzzaman, M and Hossai n, M A
TITLE Mol ecul ar characterization of Toxoplasma gondii in small
rum nant

i n Bangl adesh

JOURNAL Unpubl i shed

REFERENCE 2 (bases 1 to 151)

AUTHORS Mannan, A., Siddiki,A Z, IslamMS., Akter,Y., Ahaduzzaman, M,
Masuduzzaman, M and Hossain, M A

TI TLE Direct Submi ssion

JOURNAL Subm tted (08-MAR-2016) Pathol ogy and Parasitol ogy, Chittagong
Vet erinary and Ani mal Sciences University, Zakir Hossain Road,
Chi ttagong 4225, Bangl adesh

COMVENT ##Assenbl y- Dat a- START##
Sequenci ng Technol ogy :: Sanger dideoxy sequencing
##Assenbl y- Dat a- END##
FEATURES Location/Qualifiers
source 1..151

/ or gani sm=" Toxopl asma gondi i "

/ mol _type="genom c DNA"

/i sol at e=" CVASU DPP/ sheep/ 2015"
/i sol ation_source="aborted fetus"
/ host =" sheep"

[ db_xref ="t axon: 5811"

/ count ry="Bangl adesh"

/ col | ecti on_dat e="20- Feb-2015"

/ col | ect ed_by="Abdul Mannan"

MRNA<74. . >151
/ product ="anti gen protein"
CDS 74..>151
/ codon_start=1
/ product ="anti gen protein"
[ protein_id="AMM4292. 1"
/db_xref="G:1003342651"
/transl ati on=" Ml CATLVYSQ GRLQSI VDHERFKE"
ORIG N
1 gaagagacgc taatgtattt gcataggttg cagtcactga cgagctcccc tctgctggeg
61 aaaagtgaaa ttcatgagta tctgtgcaac tttggtgtat tcgcagattg gtcgcctgca
121 atcgatagtt gaccacgaac gctttaaaga a
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3j. Toxoplasma gondii isolate CVASU/DPP/Goat-1/201%ntigen protein gene,
partial cds
GenBank: KU900746.1

FASTA Graphics
Go to:

LOCUS KU900746 150 bp DNA I'i near I NV 26- APR-

2016

DEFI NI TION  Toxopl asnma gondii isol ate CVASU DPP/ Goat - 1/ 2015 antigen protein
gene, partial cds.

ACCESSI ON  KU900746

VERSI ON KU900746.1 G :1021207553
KEYWORDS .
SOURCE Toxopl asma gondi i

ORGANI SM  Toxopl asna gondi i
Eukaryota; Al veol ata; Apiconpl exa; Conoi dasi da; Coccidi a;
Eucocci di orida; Eineriorina; Sarcocystidae; Toxopl asma.
REFERENCE 1 (bases 1 to 150)
AUTHORS Mannan, A., Siddiki,A Z., IslamMS., Akter,Y., Ahaduzzaman, M,
Masuduzzaman, M and Hossai n, M A
TITLE Mol ecul ar characterization of Toxoplasma gondii in snall
rum nant
i n Bangl adesh
JOURNAL Unpubl i shed
REFERENCE 2 (bases 1 to 150)
AUTHORS Mannan, A., Siddiki,A Z, IslamMS., Akter,Y., Ahaduzzaman, M,
Masuduzzaman, M and Hossain, M A
TI TLE Direct Subm ssion
JOURNAL Subm tted (11- MAR-2016) Pathol ogy and Parasitol ogy, Chittagong
Vet erinary and Ani mal Sciences University, Zakir Hossain Road,
Chi ttagong, Chittagong 4225, Bangl adesh

COMVENT ##Assenbl y- Dat a- START##
Sequenci ng Technol ogy :: Sanger di deoxy sequencing
##Assenbl y- Dat a- END##
FEATURES Location/Qualifiers
sour ce 1..150

/ or gani sm=" Toxopl asma gondi i "

/ nol _type="genom c DNA"

/i sol at e=" CVASU DPP/ Goat - 1/ 2015"
/isolation_source="tissue of aborted fetus"
/ host ="goat "

[ db_xref="taxon: 5811"

/ count ry="Bangl adesh"

/col |l ection_date="17- Feb-2014"

/ col | ect ed_by="Abdul Mannan"

[/ PCR_primers="fwd_nane: toxo-f2, fwd_seq:
ggaact gcatccgttcatgag, rev_name: toxo-r2, rev_seq:
tctttaaagcgttcgtggtc”

MRNA<73. . >150
/ product ="anti gen protein"
CDS 73..>150
/ codon_start=1
/ product ="anti gen protein"
/ protein_i d="ANA08775. 1"
/db_xref="G:1021207554"
/transl ati on="Ms| CATLVYSQ GRLQSI VDHERFKE"
ORIG N
1 agagacgcat aatgtatttg cataggttgc agtcactgac gagctcccct ctgctggcga
61 aaagtgaaat tcatgagtat ctgtgcaact ttggtgtatt cgcagattgg tcgcctgcaa
121 tcgatagttg accacgaacg ctttaaagaa
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3k. Toxoplasma gondii isolate CVASU/DPP/Goat-2/201%antigen protein gene,

partial cds

GenBank: KU900747.1
FASTA Graphics

Go to:

LOCUS
2016
DEFI NI TI ON

ACCESSI ON
VERSI ON
KEYWORDS
SOURCE
ORGANI SM

REFERENCE
AUTHORS

TITLE
rum nant

JOURNAL
REFERENCE
AUTHORS
TITLE
JOURNAL
COMVENT

FEATURES
source

KU200747 144 bp DNA I'i near INV 26- APR-

Toxopl asma gondii isol ate CVASU DPP/ Goat - 2/ 2015 antigen protein
gene, partial cds.

KU900747

KU900747.1 G :1021207566

Toxopl asma gondi i

Toxopl asma gondi i

Eukaryota; Al veol ata; Api conpl exa; Conoi dasi da; Cocci di a;
Eucocci di orida; Eineriorina; Sarcocystidae; Toxopl asma.

1 (bases 1 to 144)

Mannan, A., Siddiki,A Z., IslamMS., Akter,Y., Ahaduzzaman, M,
Masuduzzaman, M and Hossai n, M A

Mol ecul ar characterization of Toxoplasma gondii in small

i n Bangl adesh
Unpubl i shed
2 (bases 1 to 144)
Mannan, A., Siddiki,A Z., IslamMS., Akter,Y., Ahaduzzaman, M,
Masuduzzaman, M and Hossain, M A
Di rect Subm ssion
Submtted (11- MAR-2016) Pathol ogy and Parasitol ogy, Chittagong
Vet erinary and Ani mal Sciences University, Zakir Hossain Road,
Chi ttagong, Chittagong 4225, Bangl adesh
##Assenbl y- Dat a- START##
Sequenci ng Technol ogy :: Sanger dideoxy sequencing
##Assenbl y- Dat a- END##
Location/Qualifiers
1..144
/ or gani sm=" Toxopl asma gondi i "
/ mol _type="genom c DNA"
/i sol at e=" CVASU DPP/ Goat - 2/ 2015"
/isolation_source="tissue of aborted fetus"
/ host ="goat "
[ db_xref ="t axon: 5811"
/ count ry="Bangl adesh"
/col |l ection_date="17- Feb-2014"
/ col | ect ed_by="Abdul Mannan"
/ PCR _primers="fwd_nane: toxo-f2, fwd_seq:
ggaact gcatccgttcatgag, rev_name: toxo-r2, rev_seq:
tctttaaagcgttcgtggtc”

MRNA<68. . >144

CDS

ORIG N

/ product ="anti gen protein"
68..>144
/ codon_start=1
/ product ="anti gen protein"
/ protein_id="ANA08776. 1"
/db_xref="G:1021207567"
/transl ati on=" Ml CATLVYSQ GRLQSI VDHERFK"

1 acgctaatgt atttgcatag gttgcagtca ctgacgagct cccctctgcect ggcgaaaagt
61 gaaattcatg agtatctgtg caactttggt gtattcgcag attggtcgcc tgcaatcgat
121 agttgaccac gaacgcttta aaga
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3l. Toxoplasma gondii isolate CVASU/DPP/Goat-3/201%antigen protein gene,

partial cds

GenBank: KU900748.1
FASTA Graphics

Go to:

LOCUS
2016
DEFI NI TI ON

ACCESSI ON
VERSI ON
KEYWORDS
SOURCE
ORGANI SM

REFERENCE
AUTHORS

TITLE
rum nant

JOURNAL
REFERENCE
AUTHORS
TITLE
JOURNAL
COMVENT

FEATURES
source

KU200748 137 bp DNA I'i near INV 26- APR-

Toxopl asma gondii isol ate CVASU DPP/ Goat - 3/ 2015 anti gen protein
gene, partial cds.

KU900748

KU900748.1 G :1021207587

Toxopl asma gondi i

Toxopl asma gondi i

Eukaryota; Al veol ata; Api conpl exa; Conoi dasi da; Cocci di a;
Eucocci di orida; Eineriorina; Sarcocystidae; Toxopl asma.

1 (bases 1 to 137)

Mannan, A., Siddiki,A Z., IslamMS., Akter,Y., Ahaduzzaman, M,
Masuduzzaman, M and Hossai n, M A

Mol ecul ar characterization of Toxoplasma gondii in small

i n Bangl adesh
Unpubl i shed
2 (bases 1 to 137)
Mannan, A., Siddiki,A Z., IslamMS., Akter,Y., Ahaduzzaman, M,
Masuduzzaman, M and Hossain, M A
Di rect Subm ssion
Submtted (11- MAR-2016) Pathol ogy and Parasitol ogy, Chittagong
Vet erinary and Ani mal Sciences University, Zakir Hossain Road,
Chi ttagong, Chittagong 4225, Bangl adesh
##Assenbl y- Dat a- START##
Sequenci ng Technol ogy :: Sanger dideoxy sequencing
##Assenbl y- Dat a- END##
Location/Qualifiers
1..137
/ or gani sm=" Toxopl asma gondi i "
/ mol _type="genom c DNA"
/i sol at e=" CVASU DPP/ Goat - 3/ 2015"
/isolation_source="tissue of aborted fetus"
/ host ="goat "
[ db_xref ="t axon: 5811"
/ count ry="Bangl adesh"
/col |l ection_date="17- Feb-2014"
/ col | ect ed_by="Abdul Mannan"
/ PCR _primers="fwd_nane: toxo-f2, fwd_seq:
ggaact gcatccgttcatgag, rev_name: toxo-r2, rev_seq:
tctttaaagcgttcgtggtc”

MRNA<71. . >137

CDS

ORIG N

/ product ="anti gen protein"
71..>137
/ codon_start=1
/ product ="anti gen protein"
/ protein_id="ANAO8777. 1"
/ db_xref="G:1021207588"
/transl ati on=" Ml CATLVYSQ GRLQSI VDHE"

1 agagacgcta tgtatttgca taggttgcag tcactgacga gctcccctct gctggcgaaa
61 agtgaaattc atgagtatct gtgcaacttt ggtgtattcg cagattggtc gcctgcaatc
121 gatagttgac cacgaac
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Annex-4. Presentation of research results in diffent workshops
and conferences

Poster presentation:

1. Mannan, A., Hossain, M. A., Islam, M. S., Siddiki, M. A. M. Z., “Study on
the prevalence of blood parasities of economic mgmee in cattle in selected
areas of Bangladesh”. #2Annual Scientific Conference (Ascon-XIl),
CVASU, Chittagong, Bangladesh 21-22 march, 2015.

2. Mannan, A., Hossain, M. A., Islam, M. S., Siddiki, M. A. M. Z.,“A study
on prevalence, molecular identification and chamazation of Babesia
infection in selected hilly, coastal and plain acé8Bangladesh”. 13Annual
Scientific Conference (Ascon-Xlll), CVASU, Chittagg, Bangladesh 02-03
April, 2016.

3. Mannan, A., Hossain, M. A., Islam, M. S., Siddikh. M. A. M. Z,
“Molecular identification and characterization Bbxoplasma gondiin sheep
and goats in Chittagong Metropolitan area of Bategd”. 13' Bangladesh
Society for Parasitology Biennial Conference, Badgkh Agricultural
University, Mymensingh, Bangladesh 02 January, 2016

Oral presentation:

1. “Study on the prevalence of parasites of economipoitance in cattle
inBangladesh”. Annual Research Review Workshoptt&jong Veterinary
and animal Sciences University 11 September, 2013.

2. “A serological and molecular study dmoxoplasma gondiin sheep and goats
in Chittagong Metropolitan Area”. ¥3Annual Scientific Conference of
CVASU (Ascon-XIll), CVASU, Chittagong, BangladesB-03 April, 2016.

3. “A Study on prevalence, molecular identificationdacharacterization of
blood and tissue protozoan diseases in domestitcnams”. PhD progress
seminar, CVASU 29 August, 2015.
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Annex-5: Brief biodata of Dr. Abdul Mannan

Dr. Abdul Mannan is a doctoral student in Patholagyd Parasitology at the
Chittagong Veterinary and Animal Sciences Univgr¢@€VASU). Before engaging
as PhD research fellow he completed the undergeadegree and MS degree from
the same institutes in the year of 2006 and 204gewtively. Dr. Abdul Mannan is a
veterinarian and field practitioner who is now wiark as a Veterinary Surgeon-1 at
Sahedul Alam Quaderi Teaching Veterinay Hospitsl@$VH) under Chittagong
Veterinary and Animal Sciences University (CVASUjh iBangladesh. After
graduating from Chittagong Veterinary and AnimaieBces University (CVASU), he
joined as a Market development officer in the prbje¢Chars Livelihoods
Programme” (CLP) of Sirajgonj Sadar upazil underaj§onj district which was
implemented by National Development programme (NRRgded by DFID. During
his working periods he has performed duties enttlemotivation and awareness
raising, conducting and facilitation training ameld monitoring and evaluation. After
that he joined as Veterinary surgeon-2 in Chittggdeterinary and Animal Sciences
University (CVASU) and in the year 2014 he promadsdveterinary surgeon-1. As a
veterinary surgeon he gets scope to undertake ribetigal classes along with his
regular hospital duties. He completed his mastgrekein Medicine and Surgery in
2011 under the supervision of Professor M. A. M&nodhan. His MS thesis was
entitled as "Determination of maternally derivedilaody (MDA) in day old broiler
chicks and its effect on disease (IBD) preventiddlring his tenure as an employee
of CVASU, he participated on different scientifiensinar, symposium and work to
gather clinical knowledge and research methodolddg. published six scientific
papers on some national and international peeewad journal. He is interested to
doing research on molecular identification and abt@rization of blood and tissue
protozoa of large and small ruminants. He is nogaged in doing research entitled
on " a study on prevalence, molecular identifmatnd characterization of blood and
tissue protozoa of domestic animals in Chittagongsidn, Bangladesh. After
completion of his PhD degree he will provide sezgido SAQTVH, CVASU as a

Veterinary surgeon-1.
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Annex-6: Manuscript prepared from this research wok
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M. A., 2016. “A Study on prevalence, molecular itigration and characterization
of Babesia infection in cattle in selected Hilly, Coastal amdain areas of
Chittagong division Bangladesh”. Under review indfatary Parasitology:
Regional Studies and Reports.

. Mannan, A., Siddiki, A. M. A. M. Z., Masuduzzamah]., Islam, M. S.,
Hossain, M. A., 2016. “A Study on prevalence, malec identification and
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Plain areas of Chittagong division, Bangladesh”.

. Mannan, A., Siddiki, A. M. A. M. Z., MasuduzzamaM., Islam, M. S,
Hossain, M. A., 2016. “Study on prevalence, molacuidentification and
characterization offrypanosomainfection in cattle in Chittagong Metropolitan
area, Bangladesh”.

. Mannan, A., Siddiki, A. M. A. M. Z., Masuduzzamah., Islam, M. S.,
Hossain, M. A., 2016. “Sero-epidemiological studly toxoplasmosis in small
ruminants in Chittagong Metropolitan area of Badgksh”.
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Hossain, M. A., 2016. “Molecular identification andharacterization of
Toxoplasma gondin small ruminants in Chittagong Metropolitan Area”
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