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ABSTRACT

Toxoplasmosis is a zoonotic disease caused by atbligntracellular protozoan parasites, Toxoplasgandii
Nicole and Manceaux (Apicomplexa: Coccidia: Eucdmmida: Sarcocystidae) mainly causes abortion astidl
birth in humans and animals. The current researels wonducted to determine the seroprevalence optazmosis
and associated risk factors in goats, Capra hirdusn District Dir Upper (DU), Khyber Pakhtunkhwa K,
Pakistan. Latex Agglutination Test (LAT)®kivas employed for this purpose. Agglutination at6ldilution was
considered positive. Antibodies were detected ifrdPserum samples of the total 212,{) examined C. hircus
showing an overall prevalence of 19%. The antibtitdys to T. gondii positive sera were 7%, 5%, 586 2% by
dilution of 1:16, 1:32, 1:64 and 1:128, respectivdPrevalence in males was 21% and in females T8%te was
no significant difference between toxoplasmosis s&dof C. hircus. Infection rate in young was 1€8mpared
with 22% in adults. Difference between infectiord aage was statistically significant. Infection wagher in
pregnant C. hircus than non-pregnant. There wasistieally significant association between toxoplasis and
history of abortion. Presence of cats, Felis cdtua vicinity of C. hircus and source of drinkingiter were found
significant risk factors for toxoplasmosis. In carsion, toxoplasmosis is common in C. hircus in &d may be a
risk for both animals and humans in this area. Efere, appropriate measures should be taken tordmeerisk of
infection.

Key words: Capra hircus seroprevalenc&,oxoplasma gonditoxoplasmosis, zoonotic disease.

INTRODUCTION

The livestock especially goatSapra hircusL, 1758 and shee@vis ariesL, 1758 are a main source of income for
small farmers and poor, landless people in ruesdsiof Pakistan [1-2]. Howeve?, hircusare raised for milk, meat
and leather production throughout the world [3]. rBtover, about 30-35 million rural population of Bt&n is
engaged in livestock farming [4]. Further, Pakistaarbors about 53.8 millioi€. hircus Furthermore, small
ruminants are adversely affected by parasitic dse$5-6]. Additionally, coccidian and helminthase common
parasites o€. hircus and O. aries Likely, in small ruminants, toxoplasmosis is ampbrtant cause of reproductive
loss [7]. Although, toxoplasmosis is the zoonofgedse caused by a coccidian protozdaxpplasma gond[g].

The systematic clinical signs of toxoplasmosiCinhircusare abortion, still birth, death of neonates asitides
depending upon the stage of pregnancy [9-10]. Hewenfection in the first half of pregnancy resuih more
serious consequences than in the second half. Meretachyzoites have been isolated from the vagmeosa,
saliva, nasal secretions and urine@fhircusexperimentally infected with parasites. Furtherdgs have shown
that tachyzoites can also be excreted in the niilkaturally infectedC. hircus[9]. Furthermore, investigation df.

gondii infection is critical, as infection in these animas a potential source of human toxoplasmosis [8]
addition, prevalence of toxoplasmosis varies fromi7% worldwide [11]. Although, different authors vea
investigated the prevalence of toxoplasmosis inekiim animals in Pakistan [12-17]. Published dai@uacaprine
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toxoplasmosis in DU, however, it is questionablelabe. The present study was, therefore, plannéddoout the
seroprevalence of toxoplasmosisGn hircusand associated risk factors in DU, KP, Pakistars the first report
from the study area and it will provide baselindoimation about the prevention and control of thinotic
infection.

The Dir Upper (DU) is a mountainous region situatethe northern part of Khyber Pakhtunkhwa (KPgkiBtan.
However, before merging into Pakistan, the whole Was a princely state ruled by Nawab Shah JehaanKh
Moreover, in 1970, Dir was declared as a sepaiiatgall of Pakistan and in 1996, the whole Dir vigded into 2
districts, i.e., DU and Dir Lower (DL). Further, Ddomprises of 6 Tehsils and 28 Union Councils (UC).
Furthermore, climate of the district is humid sopical. Additionally, summer is moderate and waAithough,
winter is very cold and severe. While, rainfalfégeived throughout the year. According to livektoensus (2006),
there were 406€. hircusin DU (Figure 1) [18].
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Figure 1 Map of the study area from where the bloodamples were collected for the current research ding January-May 2015; a:
map of Pakistan [19]; b: map of Khyber Pakhtunkhwa[20]; c: map of Dir Upper (DU) [21] with the red stars show areas of DU from
where the blood samples were collected for the prexst research

MATERIALS AND METHODS

The current research was carried out in Dir Uppdy)( Khyber Pakhtunkhwa, Pakistan from January-May5. It
is situated at the 35.2N and 71.88E in Hindukush Mountains along the Afghanistandsorbetween Chitral,
Bajaur Agency (BA) and Dir Lower (DL). It lies ategation of 1399 m from sea level with a total aB&99 knf
(Online, 2015). According to population census @9%s total population is 575858 (Figure 1) [18].

A questionnaire [22] was prepared, which was inetudll information about sex-age of go&@sapra hircusL area
of sample collection, number of pregnancies antbhisof abortion etc have been collected informatiaken from
C. hircusowners.

In order to estimate the potential risk factordgafoplasmosis, information such as: a) presenaats,Felis catus

L, 1758 in households; b) sources of drinking watey., rivers, streams or tap water etc; ¢) stagwater sources,
e.g., ponds or dams etc; d) type of managemenexté@nsive: daily grazing in favorable weather dtods and

returning to home at night or daily grazing withur@ing to home only in bad weather; ii) intensia@imal housed
day and night were also noted on questionnaireeatitne of sample collection.

Method

About 5 ml of blood was obtained in collecting tahgsing disposable syringes and centrifuged foarseijon of

serum [23]. The serum samples were then immedigsted for antibodies againstgondiiby using commercially
available Toxo-Latex Test Kit (Toxocell Latex Slide Agglutination, 100 tests, mgactured by DiaTech
Diagnostic Technologies, Salerno, ltaly) [24-25heTtest was performed according to the protocotmion kit.

Before performing the test, reagents were testéd poasitive and negative control provided with test kit to
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check for validity [2, 26]. Agglutination at 1:16lution was considered positive. In case of agghiion at 1:16
dilution, serial dilutions at 1:32, 1:64 and 1:1®8re prepared and tested again. The data weresadatiirough
Chi-square test with a confidence interval of 958ing Statistical Package for Social Sciences (SR8&jon 16

[27].
RESULTS

In the present research, toxoplasmosi€irhircusof DU, KP, Pakistan was determined. Both male femaaleC.
hircus (n=212) were tested through Latex Agglutination Te#T) for the presence fof. gondiiantibodies.

Antibodies were detected in blood 6f hircus [(n*=40); (Now=212)] showing an overall 19% prevalence of
toxoplasmosis. Titers of antibodiesTo gondiiwere recorded up to maximum dilution of 1:128. Tighest % of
infection was found at 1:16 dilution. The infecti& (at different dilutions) in descending order @€r% (1:16) >

59% (1:32) = 5% (1:64) > 2% (1:128) (Figure 2).
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Figure 2 Seroprevalence of toxoplasmosis at diffen¢ dilutions in sera of goatsCapra hircus L in Dir Upper, Khyber
Pakhtunkhwa, Pakistan during January-May 2015; serun samples were tested by using commercially availEbLatex Agglutination
Test (LAT) Kits ®; agglutination at 1:16 dilution was considered pdtive; serial three-fold dilutions at 1:32, 1:64 anl 1:128 were
prepared in case of agglutination at 1:16 and testlkagain; n+=40: samples were positive; total sam@eavere collected: pw=212; %:
data are shown in percentage; trend line: polynomia

In order to determine sex wise prevalence of taxsplosis irC. hircus it showed that infection rate in males was
3% [(Nota=212); (Mae=56); (Nemaie=156)] higher than females. No significant assdomtwas found between

toxoplasmosis and sex 6f hircusatP>0.05 (Table 1).

Table 1 Association of Toxoplasmaosis with sex of gts, Capra hircus L in District Dir Upper, Khyber Pakhtunkhwa, Pakis tan during
January-May 2015

SNo Sex A Positive (%)** Negative (%)
1 Males 56 21 79
2 Females 156 18 82
3 Total 212 19 81

1Serum samples were tested by using commercialijableLatex Agglutination Test (LAT) Kitsagglutination at 1:16 dilution was considered jive
2n: sample size (blood samples collected from nurabéx. hircus)
3Data were analyzed statistically by using StatidtRackage for Social Sciences (SPSS) version d&vare significant at P<0.05
“Pearson chi-square test was used to find assodidtiween toxoplasmosis and sex of C. hircus; % dege shown in percentage; for the present datd gf?:
0.33; P=0.35

In order to determine age wise prevalence of ta&pbsis, alC. hircuswere divided into two groups, youngl
year; adults>1year. Seroprevalence of toxoplasmosis was highexdults compared to young. Association of
toxoplasmosis with age in descending order was: 2&dalts:>1year) >10% (youngsl year). It was statistically
significant atP<0.05 (Table 2).
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Table 2 Association of toxoplasmosis with age of gts, Capra hircus L in District Dir Upper, Khyber Pakhtunkhwa, Pakis tan during
January-May 2015

SNo Age groups A Positive (%)’ Negative (%
1 Yound 50 10 90
2 Adults 162 22 78
3 T° 212 19 81
s

erum samples were tested by using commercialliahleaLatex Agglutination Test (LAT) Kitsagglutination at 1:16 dilution was considered jive
2Young'age: equal to or less than one year
3Adults’age: older than one year age
“n: sample size (blood samples collected from nurab@ hircus in each age group)
5T: total sample size (blood samples collected ftotal number of C. hircus)
Data were analyzed statistically by using StatitRackage for Social Sciences (SPSS) version d&vare significant at P<0.05
Pearson chi-square test was used to find associdt@ween toxoplasmosis and age of C. hircus; % dee shown in percentage; for the present datd gf2:
3.36; P=0.04

Association of toxoplasmosis with number of pregies was also determined @ hircus Toxoplasmosis was
higher in pregnant than non-pregnant. The highesf %fection was found if€. hircuswith 1 pregnancy and the
lowest with 4 and 5 pregnancies. The infection %hwumber of pregnancies in descending order wéés 1)>
23% (3)> 21% (2)>16% (0)> 0 (4) = 0 (5). However, there was no significaggariation between toxoplasmosis
and number of pregnancy statisticallyRt0.05 (Figure 3 a). Further, significant associatieas found between
Toxoplasmaseropositivity and history of abortion. All th@. hircuswith history of abortion were found infected
with T. gondii(Figure 3 b).
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Figure 3 Association of toxoplasmosis with numberfgregnancies/history of abortion of goatsCapra hircus L in District Dir Upper, Khyber
Pakhtunkhwa, Pakistan During January-May 2015; a: bxoplasmosis and number of pregnancies; b: toxopla®sis and history of abortion;

serum samples were tested by using commercially dlable Latex Agglutination Test (LAT) Kits ®; agglutination at 1:16 dilution was considered
positive; data were analyzed statistically by Stadtical Package for Social Sciences (SPSS) versighahd were significant atP<0.05; Pearson chi-
square test was used to find association betweenxgplasmosis and number of pregnancies/history of altion of C. hircus; %: data are shown in
percentage; trend line: polynomial; for number of pegnancies df: 6;32: 8.32; P = 0.22; for history of abortion df: 2; 2 9.28;P = 0.01; n=40; total

samples were collected: na=212; %: data are shown in percentage; trend linepolynomial

In order to find out potential risk factors for tiqpdasmosis irC. hircusfrom District DU, they are the following: a)
presence of catselis catusL in households; b) source of drinking water; ype of management &. hircuswere
analyzed statistically for acquiring infection with gondii Among these, presencefofcatusin households of.
hircus and source of drinking water were found statifiiicsignificant P<0.01 (factors associated with acquisition
of T. gondiiinfection). All the infectedC. hircushad contacted witk. catus Most of theC. hircusused running
water for drinking, but infection rate was nearlyirdes higher irC. hircusthat used stagnant water compared to
running water. Additionally, the data revealed tthet most of theC. hircusin DU were managed under extensive
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system compared to intensive system, however, ght@fection was 9% higher €. hircus managed under

intensive system than extensive system (Table 3).
Table 3 The risk factors for toxoplasmosis were detmined in goats,Capra hircus L from District Dir Upper, Khyber Pakhtunkhwa,
Pakistan during January-May 2015

SNo Risk factors Natfuargtg: S”Sk n* Positive’ Prevalence (%f
1 Cats,Felis catusn present 168 40 24
households absent 44 00 00
2 Source of drinking stagnant 50 18 36
water running 162 22 14
3 Type of management extensivé 141 22 16
intensivé 71 18 25

TData were collected by filling printed questionran,=636) by the farmers
Extensive: daily grazing in favorable weather cdiodis and returning to home at night or daily gragiwith returning to home only in bad weather
3Intensive: Capra hircus housed day and night; dhiare test was used to find association betweesptasmosis and risk factors
“n: sample size (blood samples collected from nurabéx. hircus)
Data were analyzed statistically by using StatidtRackage for Social Sciences (SPSS) version d&vare significant at P<0.05
SPearson chi-square test was used to find assodidtiween toxoplasmosis and risk factors; %: datashown in percentage; for presence of Felis cafug; y2:
12.91; P = 0.00; for source of water df: #2: 12.55; P = 0.00; for type of management dfy%;2.93; P = 0.06

DISCUSSION

Domestic animals can act as source of toxoplasfeation to humans either through direct contachwitem or
through consuming their meat or products. Therefdue to its public health importance, toxoplasmadsigoats,
Capra hircusis studied extensively throughout the world [ZBjerefore, to keep in mind the same aim, the ptesen
study was conducted to provide awareness and édadat safety of community of DU.

In the current study, overall prevalence of toxeplasis inC. hircusin Dir Upper found was 19%. However,
different authors have reported different ratecxdoplasmosis from various regions of Pakistan, 58.84% from
Mardan [14-15], 52% from Multan [29],14.32% fromtRwar, Punjab [30] and 6% from Lahore, Pakistan].[17
Moreover, outside Pakistan, 28.4% prevalence wagsrired from Iraq [31], 24% from Ethiopia [32], 2%1from
Brazil [33], 14.1% from China [34] and 13.4% froral€stine [35]. Further, several factors can affeetprevalence
rate in different regions. Number of infected cé&tslis catusin the surrounding, susceptibility of differe@t hircus
breeds to infection, different husbandry practieesl climatic conditions can be affected the prewede of
toxoplasmosis [36]. Prevalence rates were alscedtaaimong different countries due to difference imgdostic
techniques used and the number of samples test@@dTBe difference in seroprevalence of toxoplasmasC.
hircus recorded in the present research when compardd thit above-mentioned results can be attributed to
differences in climatic conditions, husbandry piced, and serological techniques used in differegions.

At the present, maleS. hircusshowed higher prevalence of toxoplasmosis (21%) fiemales (18%). However,
this was in contrast to studies from Punjab andirRa¥iar Khan, where higher infection rate was reeardn
females than males [29]. Moreover, higher infectiofemaleC. hircusthan males was also reported from Ethiopia
by Teshale et al. [38], while determining the piemae and risk factors for toxoplasmosiCinhircus Generally, it

is believed that female animals are more suscepthinfection with protozoan parasites comparethédes [39].
Further, hormonal differences especially the sexilomes mainly affect the immunity of animals [4Blurthermore,
the male sex hormone, androgens suppresses bgthphbcytes and B-lymphocytes thus render the mailaals
more prone to infections [41]. Another reason fowér infection in females than males that fem&ekircuswere
usually reared inside homes for breeding and milippses in DU, therefore, they have less chanceeridfct with
the oocysts of. gondii

Age of animal is an important variable and was used widely in literature [33]. During the presetutdy, adult
C. hircuswith age greater than one year were found to b nmdected (22%) than younger goats (10%). Thexe w
significant association between toxoplasmosis agel &imilar results were also reported by [29] fremnjab
Pakistan and Ramzan et al. [12] from Rahim Yar KliRakistan. Other authors had also reported higifection of
toxoplasmosis in olde€. hircus[33, 38, 42-44]. Therefore, seroprevalence of ptasmosis was increased with
increase in age d. hircus[45] as exposure of animals to parasite in tharenment increased with age [46-48].
Additionally, the immune system became weak in olfge and the animal became more prone to infec{i¢@.
Like these studies, at the present the higherafatefection in adultC. hircusin DU found due to more chances of
contact of these animals with outside contaminat®dronment compared to young ones, which usuadlyesl in
homes in comparatively better hygienic conditions.
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In the current research, pregn&nthircuswere found to be more infected than the non-pregoaes. Immunity to
infections usually becomes weak during pregnan8y. [Rherefore, during the present study, higheedtibn rate in
pregnant than non-pregna®t hircusrecorded due to lower or gradually decreased mumity during pregnancy.

In the present research, @l hircusthat had history of abortion were found infecteithwl. gondii Previously,
infection rate of 35.4% and 35.5% @ hircuswith history of abortion was reported from Egyp2] 30]. It was
also reported that toxoplasmosis can cause abdri@h hircusat any time after about 9 days of infection [49].
However, rate of abortion in small ruminants dugotamplasmosis was varied from 5-100% due to immrsiagus of
animal, exposure time and number of oocysts inigcthe animal [50]. Moreover, the parasite supgedhe
immune system in mother's placenta. Further, theeldping fetus had insufficient immunity, thereforéhe
parasites continued to multiply in placenta andtte@bortion [51]. Furthermore, abortion resulteldew infection
occurred in early gestation age [49]. Like the fas conducted studies, infection wilh gondiiin 1* trimester of
gestation may also be responsible for abortio@.ihircusin the current study.

During the present research, the presende chtusin vicinity of C. hircuswas found a significant risk factor for
acquisition of toxoplasmosis. This is in agreem@nthe results of Cavalcante et al. [33] who repdra higher
correlation between presence Fef catusaround theC. hircus herds and prevalence of toxoplasmosis in Brazil.
Similar results were also observed Kgto et al. [52] from Poland and Ahmad et al. [0 Pothwar region of
Punjab, Pakistarfelis catusacted as reservoir far. gondiiinfection and were a main source of contaminatibn
environment by releasing oocysts in faeces [53-Sbhilar to the above studies, the higher ratenfefdtion was due

to environmental contamination by infectedcatusfaeces, which increased the chances of infecti@ hircus

Drinking water can be regarded as an importantcsofar transmission of toxoplasmosis [56]. Howewggnificant
association between toxoplasmosis and source @frwaed for drinking b€. hircuswas studied during the current
research. Drinking water was also reported a saamf risk factor for toxoplasmosis @. hircusby Ahmad et al.
[30] from Pothwar region of Punjab, Pakistan. Canteated water was acted as major source of infedtioC.
hircus than contaminated food [57]. Higher infection wasorded inC. hircusdrinking stagnant water than those
using running water in the present study. In ltaBenci-Goga et al. [58] reported significant highiate of
toxoplasmosis in shee@yis ariesL used stagnant water for drinking. The water aorihated withT. gondiican be
then transmitted the infection to other animalsityesting the infective oocysts [49]. Likewide, catusgained
easier accessed to stagnant water compared tongumiEter thus contaminated it with oocysts excrétefheces.
This contaminated water acted as the same as medtabove in DU.

There was no significant association between t@spbsis inC. hircusand type of management. Similar results
are also reported by Cenci-Goga et al. [58] inyltahd Fajardo et al. [59] in Brazil, who have inigsted risk
factors for toxoplasmosis i@. aries Bos indicus. and other cattle, respectively. However, atghesent, higher %
of infection (25%) was found i€. hircusreared under intensive system compared to extessistem (16%). Most
of the authors reported the opposite results irro#mimals [33, 43, 55, 60]. Prevalence of toxaplasis varied
with differences in weather conditions, rearingaices, animal’s age, life style, people’s lifelstydifferences in
sensitivity and specificity of techniques usedd@gnosis, felines number in the area and managey@n[90]. At
the present, the differences in rate of toxoplassn@orded irC. hircusin DU from previous mentioned studies
could be due to differences in weather conditiag®g, of animals and serological techniques usedidgnosis.

There were many limitations of the present reseddahUpper is a mountainous region; therefore eascto all the
remote areas of the district was not easy. Becdhserea remained covered with snow and temperatas very
low during the winter season. However, the mospedple in DU involved wittC. hircusfarming were illiterate
and did not know scientific ways of rearing [62].o0Mover, the most o€. hircus were kept in unhygienic
conditions. Further, data for the present reseamas) therefore, collected from the lower parts of Burthermore,
the questionnaires were filled by asking the qoestifrom owners orally. In future, studies usingleualar
methods such as Polymerase Chain Reaction (PCRc@nmended for determination of the seroprevalaice
toxoplasmosis in animals, it will be great helpeddnfirming the seropositivity df. gondiiin livestock animals.

CONCLUSION
In C. hircusof DU, the toxoplasmosis was more prevalent inesiatl year old, having 1 time preghancy and

history of abortion. Further, presence Faf catusin vicinity and source of drinking water were sifigant risk
factors for toxoplasmosis.
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Recommendations

In order to lower the prevalence and disseminatibioxoplasmosis irC. hircusin DU, suitable prophylactic
measures should be undertaken. Further, rearingeplaf C. hircus and source of drinking water should be
prevented from contamination by catusfaeces. Moreover, the public especially the fasrgrould be educated
about the spreading routes and acquisition of ttaswposis.
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