CHAPTER 1
INTRODUCTION

Parasitism is one of the major problem of different mammalian hosts, particularly cattle,
buffaloes, sheep, goats and humans. Parasitic problems caused by ectoparasites or endoparasites,
are the major obstacles to the production of livestock throughout the world (ljaz et al. 2009, Bilal
et al. 2009). The major observed economic losses are “low production, poor weight gain, high
mortality, treatment expenses, cost of drugs, veterinary care and highly sensitivity to bacterial,

viral and other protozoan diseases due to poor immune status (Gupta et al.1995). In Pakistan, the

mon amounting to annual losses of 26.5 million rupees to

acellular, obligate and enteric protozoan parasite

importance affecting human beings and numerous vertebrate species including small and large
mammals (cattle, sheep, goats, dogs and cats), fish, reptiles and poultry (Arrowood et al.
2009).The Cryptosporidium parasite is mainly found in wet and warm seasons of the year (Jafari
et al. 2013) Cryptosporidiosis occurs in many different agro-ecological areas of the world and
major restrain to the production of livestock at world level (Paul et al. 2014).

Cryptosporidiosis is an emerging enteric protozoan disease caused by various
Cryptosporidium species, which causes gastrointestinal infection in different species of

mammals such as humans, cattle’s, sheep’s, goats, pigs and horses at global level(Nasir et al.

2009).
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The most common enteric infection of goat kids, lambs and cow calves mainly occurs in
the early month of life is cryptosporidial infection and caused by Cryptosporidium parvum
(Delafosse et al. 2006; Sanz et al. 2009; Nasir et al. 2009). Cryptosporidiosis mainly occurs in
goat kids at the age of 4-15 days old and caused by Cryptosporidium parvum. Goat kids show
various clinical signs such as severe watery diarrhea, emaciation and loss of electrolytes which
may result in dehydration as well as electrolytes imbalance. Heavy economic losses occur due to
high morbidity and mortality (Giadinis et al. 2008; Smith and Sherman, 2009; Cacciet et al.
2012; Giadinis, 2012).

jous clinical sign is watery diarrhoea that has been mostly

ysical examination of the animals suffering from

oridiosis is also an important zoonotic disease. All the infected animals are the

of infection to A€ ool A @S E) ot ) FPON S

reatening infection in those patients Sufferi Yy Syndrome

(AIDS). Hence cryp idi uses health risk to human beings because it is one of the big
sources of zoonotic potemtral and there is no discovery of proper effective treatment to achieve
100% results (Tzipori, 1998).

Cryptosporidiosis appears in different agro-ecological zones as a serious threat to small
ruminants as well as large ruminants which result in heavy economic losses. Cryptosporidiosis
has become a serious threat to the livestock economy worldwide reported by different
researchers (Ayinmode and Fagbemi, 2011; Paul et al. 2014). Cryptosporidiosis seriously affects

the production of livestock sector which result in lowering of production and poor weight gain

(Akinkuotu and Fagbemi, 2014). During the period of four weeks of Cryptosporidial infection,
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there was difference of two kg of body weight between sick (natural infection) and healthy goat
kids of the same age (de Graaf et al. 1999).

Cryptosporidiosis causes high morbidity has been recorded in various domestic animals
leading to heavy mortalityin young animals such as lambs, kids, foals and calves. As a result of
heavy mortality during Cryptosporidium infection, huge economic losses were recorded by
different researchers (; Degerli S, 2005; Nasir, 2009; Prakash et al. 2009; Potter and Esbroeck,
2010; Ayinmode and Fagbemi, 2011).

During the Cryptosporidium infection, the major intestinal disorders were seen and

observed in form o used by the Cryptosporidium parvum in various species of

ep, foals, cattle and pigs. The cryptosporidiosis can be

clinical jeld conditions such as watery diarrhoea, emaciation,

s of appetite, loss of welght and weakness which result in high mortality and

taain wang < S AYEVATEIE M| C SOLUTIONS

Cryptosporidiosis was first reporte , 1N lam

showing the clinica ahoea.The causative organism was not explained in detail

because this organism Was=f6und by chance when studying other pathogenic bacteria. A research
was conducted in the year 1980, where two different groups of lambs were studied .One group
was naturally infected while other group was experimentally infected. As a result, it was
concluded that Cryptosporidium infection is responsible for the primary cause of diarrhea in
lambs (Angus et al. 1982; Snodgrass et al. 1984). The Cryptosporidium is an important enteric
pathogen causing early diarrhea in small ruminants. When observed the diarrhoea in the early

life of young ruminants such as lambs, kids and cow calves etc., then Cryptosporidium infection

should keep in mind while diagnosing the disease. In Australia, cryptosporidiosis was first
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recorded in 1981, in a goat kid at the age of 2 weeks, showing the clinical sign of diarrhoea

(Mason et al. 1981).

The Cryptosporidiosis has been also mainly observed in neonatal calves at an early age of
life while in other small ruminants (lambs and kids) has been also recorded at an early age of life

(Radostits et al.2008).

The Cryptosporidiosis is an important enteric apicomplexan protozoan, also known as

Cryptosporidia. All vertebrates suffer from Cryptosporidium infection. Due to its Zoonotic

nature, severa ission was also recorded world widely. As a result, life
ose patients suffering from AIDS such as children,
f Cryptosporidium oocyst such as 1-10 can cause a
susceptible hosts (Pereira et al. 2000). There is no need of intermediate host for

ooment ot onyss AN oAV M o DL SQINS

s as well as health hazards were also reported on the basis of

oats where heavy economical

ridium parvum (zoonotic in nature). Kids and lambs are
highly susceptible to the Cryptosporidium infection as reported in many countries of the world.
Cryptosporidiosis was recorded in kids and lambs showing clinical signs in form of diarrhoea
while some were without diarrhoea (De Graaf et al. 1999).

The life cycle of Cryptosporidium occurs in two phases, sexual phase and an asexual
phase.

In sexual phase, fusion of male and female gametes occurs while in asexual phase
multiplication occurs on the mucosal surface. The infective stages are encysted in both parasites

when released in faeces. The encysted oocysts are highly resistive to high temperature and can
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live for long time in various environmental conditions. Sometimes re-infection also occurs when
there is ingestion of contaminated food, water or arthropods with oocysts or cysts occur
(Chappell et al. 2006).

There are different methods used for the detection of Cryptosporidium oocysts in fecal
and stool samples. Generally, microscopic examination is used for detection of Cryptosporidium
oocysts in fecal samples. For microscopic examination, proper centrifugations, preparation of
fecal smear from sediments and finally proper staining with Modified Ziehl- Nielsen (MZN) acid
fast stain is necessary. Different antigen detection methods such as ELISA (enzyme-linked

immunosorbent as rescence and genome detection methods such as PCR

(amplificatk sed for detection of the Cryptosporidium. Each method
is di cificity. Among all diagnostic procedures, no one is
reeshi et al. 2007).

s o N E ADENHE-SOLSTHONS

man medicine. Different therapeutic age Swellas

in vitro conditions t@ trey oridiosis. Some agents were active against Cryptosporidium
infecti;)n in vitro condtti put showed poor efficacy or no efficacy during treatment therapy
under field conditions (Shahiduzzaman and Daugschies, 2012). The efficacy of different plant
extracts such as garlic has been studied to treatment cryptosporidiosis (Wahba and A.A. 2003;
Toulah et al. 2012) While in some experiments, the efficacy of different plant extracts were also
studied to treat cryptosporidiosis such as pine-bark extract (Kim and Healey, 2001; blueberry
extracts (Anthony et al. 2007) and onion and cinnamon (Abu El Ezz et al. 2011). Garlic (Allium

sativum) was used as a convenient prophylactic and a promising therapeutic agent for

Cryptosporidial infection. The efficacy of garlic as a prophylaxis measures and for the treatment



Introduction

of experimental cryptosporidiosis was explained by different mechanisms (Gaafar, 2012). El
Shenaway et al. 2008 reported the enhancement of phagocytosis and an increase in natural Kkiller
cell activity, promoted the functions of immune system and strengthened the body’s defense
mechanism observed during the treatment period with garlic.

Pakistan has a large population of livestock and facing a large number of threats
in form of infectious and non- infectious diseases. As a result of large number of threats the
producing ability has been seriously affected. Different parasitic infections are responsible for
poor performance in form of production and weight gain. These parasitic infections are causing a

huge economic los industry. The Cryptosporidium infection is highly endemic

different researchers in Pakistan.

ACADEMIC SOLUTIONS




CHAPTER 2
REVIEW OF LITERATURE

Enteric parasitic infections are the most common problem in humans, domestic and wild
animal’s world widely but are often reported in less developed countries and poor societies of
the world (Saneian et al. 2010).The Cryptosporidium is an important zoonotic enteric protozoan
parasite belonging to the phylum Apicomplexa and the family Cryptosporidiidae (Romero et al.
2001). There are currently 16 recognized species of Cryptosporidium, which have been isolated

from a large variety of hosts including five classes of vertebrates such as amphibians, fishes,

reptiles, bir al. 2004). Cryptosporidiosis was first described in
ium is as a primary etiological agent of diarrhea in
(Angus et al. 1982; Snodgrass et al. 1984).The

e ACADEMIC SOTUTTONS

omic loss in cattle which result in heavy morbidit Casemore et al. 1997;

Lendner, 2011).The m parvum can cause infection in small ruminants and also

carries pubh g 1o its zoonotic nature (Robertson et al. 2010; Wang et al.
2014). Cryptosporidiosis is a new emerging disease caused by the genus Cryptosporidium, and
clinically characterized by watery diarrhea, dehydration, and loss of weight (Panciera et al. 1971;
Fayer et al. 2000; Santin et al. 2004). The Cryptosporidium mainly affects the epithelial surface
of the small intestine and rarely affect the liver, stomach, gall bladder and lungs in large number
of mammals including human beings (Pilar-l1zquierdo et al. 1993; Hunter and Thompson, 2005).
The Cryptosporidium is a widely distributed opportunistic coccidian parasite and this organism

has infected more than 170 species of vertebrates (Romero et al. 2001). Cryptosporidiosis is an

important disease in sheep and goats which causes enteric problems and clinically characterized
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by watery diarrhea, dehydration and poor weight gain (Foreyt, 1990) while occurrence of the
disease is more severe in kids and lambs than adult (de Graaf et al. 1999; Chalmers et al. 2002).
During cryptosporidiosis, the infected animal shed a large number of oocysts such as (108-------
109/gram). The major sources of infection are the Cryptosporidium oocysts which are
responsible for causing cryptosporidiosis in animals as well as in humans. A single oocyst is
adequate to cause an infection in all susceptible hosts. Oocysts are mainly transmitted through
fecal-oral route and directly from host-to-host contact.Indirect transmission also occurs via
contaminated food or water and though aerosol transmission of oocysts has been also reported

(Ramirez et al. 20 smission was also documented via epidemiological survey

such as fa workers (Jafari et al. 2013).

n in small ruminants

was conducted by Dora

e AGADEMIE SOLUTIONS

m sheep and goats and analyzed. Asaresu while'in

ero-Salas et al. 2016, to find out the percent

Cryptosporidium infection was recorded. .Overall prevalence was 60-85% among all herds. As

result it was concluded that different risk factors such as animal species, sex, breed, town, farms
and contact with cattle did not affect the prevalence of the infection.

MAB Shafiq et al. 2015, conducted a study to find out the percent prevalence of the
Cryptosporidium infection in small ruminants (Sheep, Goats) with correlation to different risk

factors such as age, diarrhoeic conditions and water born transmission.
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The Cryptosporidium parvum is the most important zoonotic specie of the genus
Cryptosporidium, responsible for causing heavy economic losses in small ruminants.
Transmission mainly occurs when contacted with such animals infected with Cryptosporidium
infection and contaminated water or vegetables or food. To record percent prevalence, a total of
300 small ruminants (n= 150 goats, n=150 sheep’s) were studied. As a result, 18.66 percent
prevalence was observed in goats while 21.33% prevalence was recorded in sheep. In lambs,
40% prevalence was recorded. As a result of the study, it was concluded that the highest percent
prevalence was recorded in diarrhoeic goats and sheep.

During the asitic drugs such as Metronidazole and Paromomycine were

used to against Cryptosporidium infection through various

jc trials both drugs showed significant reduction in

Metronidazole showed percent efficacy than other.

ind out waterorghy @WDEMSIGC&E&L UTIGNS

urces such as canal water (n=50), Tape W : water (n=

50). Cryptosporidiu parvum) was recognized by measuring the size with the help

of stage micrometry. g result, an overall percent prevalence of C. parvum was 10.5%
recorded in all water samples whereas, 28%, 8% and 4% was recorded in canal water, tap water
and underground water respectively while there was no oocyst observed in minerals water
bottles.

Danladi et al. 2015, conducted a cross sectional study in North Nigeria where percent
prevalence of the Cryptosporidium infection along with the associated risk factors were studied.

Fecal samples were collected directly from the rectum through disposable gloves. All the fecal

samples were examined by concentration with formal-ether and stained all the samples by using
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Ziehl-Neelsen acid fast staining technique. During the total study period, 900 animals (cattle
=300, goats=300, sheep=300) were tested and found 178 positive for Cryptosporidium infection.
As a result, 19.8% overall prevalence was recorded in cattle, goats and sheep. Overall percent
prevalence was 28% (98/350), 17.1% (46/420) and 11.7% (34/290) in cattle, goats and sheep
respectively.

According to the age based analysis, significant difference (P<0.05) was observed in
sheep, goats and cattle.

On the basis of statistical analysis, non-significant (P>0.05) difference was observed in

percent prevalence idiosis in sheep, goats and cattle. It was also recorded that

cattle wer the infection than sheep and goats. Furthermore it was

rrhea were more prone to Cryptosporidium infection

- BeMAp-EM@cmssw@@Ns

rcent prevalence of the cryptosporidiosi evaluate

different risk factor$ ecal samples were collected from 364 animals including

calves (n=214), lambs 89), kids (n= 61).All the samples were concentrated by Sheather’s
flotation technique and stained by Modified Ziehl-Neelsen acid fast technique. They found an
overall prevalence of 14%, 13.6% (29/214), 16.9% (15/89), and 11.5% (7/61) prevalence was
recorded in calves, lambs and kids respectively. On the basis of statistical analysis, significant
difference (P < 0.05) was observed between diarrheic and non-diarrheic animals whereas non

significant differences were observed among the study areas, animal species and different age

groups.

10
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A study was conducted by Nektarios et al. 2015 to find out percent prevalence of
Cryptosporidium infection in goat kids suffering from diarrhea and other risk factors responsible
for occurrence of cryptosporidiosis were studied. During the study period, 292 goat kids were
studied having age of 4-15 days from 54 different dairy goat herds in Greece. As a result,
observed 76.4% prevalence of Cryptosporidium species and classify the intensity of the infection
was marked as high, moderate and low. As a result, 142, 45, and 36 numbers of samples were
ranked in high, moderate and low respectively. Finally it was concluded that prevalence was
higher in herds with late kidding season (January-April) than those with was early kidding

(September-Decem

cted by Gharekhani et al. (2014), to determine the

infection in sheep without clinical signs in Iran where

les were collected random Il the samples were collected from different rural

om0 00 -ACADEMIC-SOLUTONS

eelsen acid fast staining techni

que. positive

of the Cryptosporidium infection in females in different species of animals in Nigeria. According

to the sex based analysis, the highest percent prevalence of the Cryptosporidium infection was
recorded in female’s cattle and small ruminants. As a result, it was concluded that certain risk
factors such as lactation, pregnancy and hormonal imbalances recorded during the pregnancy
period and lactation period are responsible for high prevalence of the Cryptosporidium infection

in female.

11
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2.1: Historical perspective

Tyzzer was the first researcher who described the Cryptosporidium in 1907, where it was
found in the laboratory mouse (Tyzzer, 1907) although the veterinary and medical significance
of the Cryptosporidium infection was not fully studied for another 70 years. The maximum
interest in the study and research of the Cryptosporidium was seen over the last two decades as
the data was published in various journals and the maximum publications were published in 1980
- 1983.The primary history of the Cryptosporidium was documented in some book chapters and

few review articles were published recently (O’Donoghue, 1995; Fayer et al. 1997; Tzipori et al.

as an apical complex.

sida: Both sexual and asexual reproductive cycle occurs with oocysts formation.

e ACADEMIE-SOLUTIONS

rder: Eucoccidiida: Development of mic

Oocysts were CO ng four sporozoites which were visible when examined under
microscope but there was no development of sporocyst (Levine, 1985).
Monoxenous life cycle:

The Cryptosporidium species requires a single host to complete its early life within
gastrointestinal tract and there is no need of intermediate host. Salient features of the

Cryptosporidium that can easily differentiate them from other coccidia are lack of proper host,

lack of organ specificity, development of resistance to various antibiotics and can cause

12
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autoinfection (Tzipori , 1983).The following three broad features about cryptosporidiosis were
recognized between 1980 and 1993( Tzipori and Griffiths ,1998).

The first feature of the Cryptosporidium infection was reported in 1980 that it is the most
common, serious, and primary cause of an outbreak of diarrhea in mammals as well as also
responsible for sporadic causes of diarrhea in some ruminants (Tzipori, 1983). Cryptosporidiosis
was emerged as the most severe life-threatening disease in the year 1983 and onwards when the
AIDS appeared as epidemic in nature in human population (Anonymous, 1982; Ma P and Soave
R. 1983; Current et al. 1983; Forgacs et al. 1983) .In 1993, cryptosporidiosis became more

popular when it w. ost important serious disease, difficult to control by using

various d using waterborne related diarrhea in humans and in

seriousness and significance of the Cryptosporidium

as one of the major enterte"protozoan linked with enteritis in goats causing diarrhea (Diaz et al.
2010).
2.2: Morphology

The different species of the Cryptosporidium can be differentiated from each other on the
basis of oocysts morphology and the site/ area of the infection. The length of the
Cryptosporidium oocysts is varying from species to species, ranging from 4.5 um to 7.9 um. The

width of oocysts ranges from 4.5 um to 6.5um. The oocysts of C. parvum are mainly ovoid to

elliptical in shape which mainly depends upon the host of parasite (O" Donoghue, 1995).

13
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2.3: Life cycle

The life cycle of Cryptosporidium begins when the susceptible hosts such as cow calves,
sheep, goats, kids, lambs, foals and humans ingest oocysts. After ingestion, following
excystation occurs within the gastrointestinal tract and there is release of four sporozoites. The
sporozoites then infect the intestinal epithelial cells and initiation of asexual development occurs.
Asexual life results in production of eight and four merozoites respectively which further infect
the epithelial cells of intestine when released in the lumen of intestine. The release of four
merozoites from second merogony may result in development of sexual stage, the microgametes

and macrogametes. icrogametes and macrogametes may result in zygote, which

forms the 0 asexual divisions. Two types of oocysts are produced

asarf [ hick wall oocysts and thin wall oocysts. Thick wall

eted with feces to the envir

ible hosts while i\ oy S fedgideon. @@MUT* .’N S

side the host body. The resistive 00CyS ina

ent and act as a source of infection when ingested

membrane known g us membrane (O’Donoghue, 1995; Tzipori and Griffiths,

1999).

14
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e of the Cryptosporidium parvum

o K CRDERIC SOLUTIONS

ioned briefly here. The life cycle of the Cryptospori eted within a single host

(monoxenous cycle) jw pf intermediate host and both sexual and asexual replication

occurs.
4: Incubation Period

It has been estimated that the incubation period of the Cryptosporidium lies between 5-7

days as confirmed in various experimental infections (Chappel et al. 2006). The average reported

incubation period ranged from 3-7 days as reported in Milwaukee during the large water born

outbreak of cryptosporidiosis, but it was shorter in elders (5-6 days) when compared with

children where average range was 7 days while in adults, average range was 5-6 days (Naumova

et al. 2003).

15
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2.5: Mode of transmission and source of infection

Humans, cow calves, lambs and goat kids can release oocysts in large quantities when
clinically are positive for the Cryptosporidium infection. During an acute infection or chronic
infection, >10%° oocysts can released. The main transmission occurs through fecal- oral route,
either directly or indirectly. Indirect transmission mainly occurs through contaminated water or
food when washed with contaminated water and ingested. Infected humans, cattle and other
domestic animals are the most important sources of contamination of surface water and
environment. The Cryptosporidium parvum is mainly responsible to cause water born diarrhea.

The waterborne di curs through the ingestion of oocysts (< 6-10 oocysts) in

small nu nt to various common disinfectants. Infected humans

uantity and finally contaminate the surface water.

(Sheep and goats) act as ce of reservoirs for the Cryptosporidium infection

o4 A CAD ENIE-SOLUTIONS

ool children where contact wi a

reported recently that the mammalian species known as Cryptosporidium parvum, is mainly

responsible for causing infection in humans (O’Donoghue, 1995; Fayer at al. 1997; Tzipori et al.
1998).

A study was conducted in Turkey where an infection was reported in humans caused by C.
meleagridis which is a turkey respiratory Cryptosporidium (Slavin D, 1955).The significance of
the Cryptosporidium parvum infection was became more evident in the early 1980s, when

reported in new born cow calves. The incubation period of C. parvum infection and its clinical

16
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signs in small ruminants were experimentally reproduced and reported extensively in small
ruminants (O’Donoghue, 1995; Fayer at al. 1997; Tzipori et al. 1998).

The Cryptosporidium parvum mainly occurs in every herd of domestic cattle, world
widely. There are two major reasons for continuous contamination of environment,
asymptomatic infections and prolonged excretion of oocysts. The C. parvum infection is also
common in goat, sheep and swine herds but prevalence is poorly documented (O’Donoghue,
1995; Fayer et al. 1997; Tzipori et al. 1998).

Cryptosporidial infection has been also reported in cats, dogs (Pohjola, 1984) and horses

which are consider source of infection for humans. However it is not clear that

ts and horses (O’Donoghue, 1995; Fayer at al. 1997;
tosporidiosis is not well documented in these species

of the Cryptosporidium infection has also play an

ole in contaminatifh ey i tCon HEDd=-lJ TIONS

There is also evidence that the Cryprosporiaram . transmission may also occurs by

inhalation route in i e oral-fecal route. Pulmonary cryptosporidiosis has been

reported in a patient s g from AIDS (Ma P et al. 1984) and also in children, suffering from
laryngotracheaitis, confirmed by examination of tracheal aspirates (Harari et al. 1986). The
prevalence of laryngotracheal infection in immunocompetent humans is still unknown. It has
been also reported that the children when suffering from diarrhea due to cryptosporidiosis, may
also show mild type of respiratory signs (42%). The transient RTI (respiratory tract infection) is

mostly common in healthy children and act as a source of transmission from person to person

(Egger et al. 1990), So we should be aware about the risk involved in laboratory while working

17
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with the Cryptosporidium parvum and should adopt all the necessary precautions to avoid any
accidental infections by inhalation of aerosolized oocysts (Tzipori, 1988).
2.6 : Economic significance

Cryptosporidiosis is one of the most important disease in various agro-ecological zones
causing an enormous economic loss in livestock sector. Cryptosporidiosis is a big threat to the
economy of livestock worldwide (Ayinmode and Fagbemi, 2011; Paul et al. 2014).1t has been
also documented as a main constraint to the production of livestock worldwide and causing high
morbidity and occasionally high mortality rates among different domestic animals such as cattle,

sheep, goat, horses ult in big economic losses (Degerli et al. 2005; Nasir et al.

2009; Pra roeck. 2010; Ayinmode and Fagbemi, 2011). Hence

oonotic infected animals can cause the health risk to the

ly in those individuals su g from AIDS/HIV (Tzipori and Griffiths, 1998).

coresporisurAcCE R EI Pt PE mS @LUT I@N S

using neonatal diarrhea in goats, Sheep a

ough fecal- oral route and less than 50 oocysts can infect the
healthy animal (Faye at” 2000). Infection takes place, when the microscopic oocysts are
ingested with feed or water. Infected animals, discharge oocysts in the feces, which spread
rapidly and can survive in any harsh environment (Bowman, 2003).There will be rapid spread of
oocysts especially when the animals are housed overcrowd or when the udders are contaminated
with infected feces (Nasir et al. 2009). Oocysts are highly resistant to various harsh
environmental factors such as hot or cool or dry environments and act as a source of infection for

months in cold water (Olson et al. 1997). Cryptosporidiosis causes heavy economic losses due to

retarded growth, high mortality, cost of drugs, veterinary assistance and labour cast (De Graaf et

18



Review of Literature

al. 1999). During cryptosporidiosis, there is damage of small intestine microvilli which mainly
predisposes the combined infection of Rotaviruses, coronaviruses, E. coli and rarely with
salmonella species (Rebhun, 1995). Due to the mix enteric infection, the prognosis became
unfavorable, on the basis of complicated treatment and clinical signs which may result in high
mortality. When the mixed infections become more severe then death of the lambs occur within
2-3 days after the onset of diarrhoea (Coop and Wright, 2000)
2.7 Zoonotic significance

Cryptosporidiosis is the main enteric problem in children and adults in less developed

countries, charactegi a significant level of morbidity and mortality in those

jon et al. 2010).The Cryptosporidium causes a severe

tosporidiosis and reported in developed as well as in

birds (Cryptosporidiu ' gagridis), Cats (C. felis) and dogs (C. canis) because these species
have been detected in human patients suffering from cryptosporidiosis (Pedraza-Diaz et al. 2001;
Xiao et al. 2001; Fayer et al. 2001).

Children are mostly suffering from the Cryptosporidial infection at the time of weaning
or after the weaning period and the infection remain in episodic form throughout the life.

When exposure occurs to the Cryptosporidium oocysts either directly or indirectly, may

result in acute diarrhea. The Cryptosporidium parvum causes an acute diarrhea, abdominal pain

and self- limiting infection in those patients suffering from AIDS/HIV and the onset of the

19
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disease may be fast and extend from 3 to 7 days depending upon a combination of host (age,
presence of maternal antibodies or previous exposure, and infectious dose) and parasite (origin
and age of oocysts, and species/genotype) factors.

Initially, the infection occurs in the small intestine when the emerging sporozoites attack
on enterocytes where amplification of sporozoites occurs in the epithelial surface of crypts and
villi. The Cryptosporidium infection occurs throughout the GIT or sometime the infection
remains localized in various segments of small and large intestine.

Cryptosporidiosis causes a serious infection in patients suffering from AIDS and

clinically characterj life-threatening diarrhea (Blanshard et al. 1992). Prolonged

months to years in those peoples suffering from

uired (Blanshard et al. 1992) or congenital (Hayward

ere is spread of immunodeTiClency from the gut to the pancreatic ducts causing

- ok GADEMIE SOLUFIONS

ected, there is disruption of epithelial su sation 0

crypt (Tzipori et al. @ : pped countries, the prevalence of cryptosporidiosis is not high
(5-15%) in those pati€ fering from AIDS. Due to lack of proper effective treatment of
cryptosporidiosis is very difficult to control in those patients suffering from HIV/AIDS.

Goats are an important source of potential zoonosis for cryptosporidiosis. Infected
domestic animals and wild animals contaminate the water and the outbreak of water born
cryptosporidiosis has been documented 19 times in various research papers affecting more than
427100 individuals (Smith and Rose, 1998).It has been also estimated that infection rate with

crypto was ranging from 250 to 500 million peoples in Africa, Asia and Latin America (Current

and Garcia, 1991).

20
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The first case of human cryptosporidiosis was reported in animal handlers. In the year
1983, an outbreak of human cryptosporidiosis was recorded in human beings. Similarly an
outbreak of cryptosporidiosis was recorded in Georgia in the year 1987 where 13000 peoples,
were infected. The first information about the spread of the Cryptosporidium infection was
recorded through drinking water where 400000 peoples were infected and death was recorded in
those patients suffering from AIDS/ HIV.

Nemes also reported high mortality rate in humans suffering from cryptosporidiosis and 5
to 10 million deaths were recorded internationally each year (Nemes, 2009). In such situation,

the Cryptosporidi as one of the major cause of diarrheal disease, globally

2.8:

of cryptosporidial infeC epends on the presence of intact oocysts in stool

2use the infected N@ﬁx EQMIQ FGOEHFIONS

sy task and not difficult. Crypt Tdi

following methods;
A Usihg simple micr xamination of slides, stained with Modified Ziehl Neelsen acid
fast staining technique.

B. Collection of biopsy specimens from small intestine.

C. Detection of the Cryptosporidium antigen in fecal materials or stool specimen through

ELISA.

D. Molecular detection methods (PCR) through extraction of DNA.

A. Detection of the Cryptosporidium oocysts in stool or fecal material.

21
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The Cryptosporidium infection is commonly detected through conventional microscopic
examination of fecal smears, stained with Modified Ziehl Neelsen acid fast staining technique
under 100X (Ayinmode and Fagbemi, 2010). Mature oocysts of the Cryptosporidium, can be
recovered from fecal material or stool examination. The oocysts are rounded and 4-6 um in size.
The Thick wall oocysts contain four sporozoites. The oocysts can be easily identified by using
various staining methods such as acid fast stain, safranin stain and certain dyes such as
fluorescent dyes such as carbol fuchsin method. Different diagnostic methods have been
discovered for diagnosis of the Cryptosporidium. The most general and easily accessible method

for finding of ooc al smears stained with Modified Ziehl- Neelsen acid fast

staining te esan et al. 2004).

tion of the fecal or stool sample is necessary before

mination to recover maxim

ee times fecelfy °°ﬁ®fEMItCH°S@*LUWI®@NS

certain studies that the first sample 1S U resu

@ ‘@; cysts

B. Detection of CryptdSperfdium oocysts in intestinal fluids or in biopsy specimens

oocysts. During diagnosis, if the result is negative

diagnosis of the Cry, in fecal or stool sample if the satins are fresh.

Nowadays biopsy technique is not commonly used. This method was used in very early
time when antigen detection methods and various staining chemicals were not available. False
negative results were commonly faced during this method due to irregular nature of the enteric

protozoan infection (Flanigan and Soave, 1993)

C: Detection of the Cryptosporidium antigen in Fecal or stool sample

22



Review of Literature

(): ELISA (Enzyme Linked Immunosorbent Essay)

Immunological detection techniques are highly sensitive and specific techniques and
were used in clinical and environmental monitoring of the cryptosporidial infection. There was
no need of concentration of specimens before testing. ELISA was used to screen large number of
specimens in a very short time. This technique did not depend on skills as in microscopy.
However, it was necessary to maintain the proper quality of the reagents commercially available.

(i1): Immunofluorescence assay

This technique has proved the maximum good results due to highest level of sensitivity

and specificity and h gglered the standard test by maximum laboratories.

combination of sensitivity and specificity and is

oratories. On the other hand, this test is unable to

nt record information S

A—— A)EiMGIQPese@oh@h'iﬁO NS

The sensitivity and specifici

may range from 66 @‘ @

D: Detection of the CryptespOridium oocysts by using Molecular Techniques

stained slides which can be preserved for a long

d 93 to 100 percent respectively.

PCR is an important diagnostic tool on the basis of highly sensitivity and specificity to
detect Cryptosporidial infection in clinical and environmental specimens and to explain the
classification and genotypes within Cryptosporidium species. (Higgins et al. 2001). Detection of
the Cryptosporidium oocysts in fecal samples of sheep has been documented in certain
countries(Quilez et al. 2008, Silva-Fiuza et al. 2011).Molecular technique (PCR) is used for the
detection of Cryptosporidium infection in fecal or in stool specimens. Fecal material must be
frozen or must be stored in potassium dichromate for detection of the DNA through PCR.

Finally, it is concluded that acid fast staining methods are mainly used in various clinical
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laboratories for diagnosis of cryptosporidiosis. Immunofluorescence microscopy is the best
method due to highly sensitivity and specificity. Molecular techniques are mainly used for
research tool. The sensitivity and specificity of PCR ranging from 97-100% and 100%
respectively for detection of the Cryptosporidium infection (Bialek et al. 2002). PCR is highly
specific and sensitive technique for exact diagnosis, proper identification and classification of
various species of the Cryptosporidium (McGlade et al, 2003).
2.9: Examination of oocysts in feces

Oocysts can be detected by making a thin smear of fecal materials, stained with the help

of Modified Ziehl-Ni id fast staining technique. The oocysts appeared bright red

granules . 2000). The severity of the infection can be classified
f oocysts/slide/sample. At the end of first and second
were at peak (Enemark et al. 2003)

cal Findings of et F) ENMIC SOLUTIONS

) ereas clinica

Young animals are highly sensitive 10

characterized by mild to severe type liquid and yellowish diarrhea with a strong dirty smell,

depression, weight loss, colic, abdominal cramps, flatulence and usually death occurs up to the
age of one month (Ramirez et al. 2004; Castro- Hermida et al. 2007; Silva-Fiuza et al. 2011)
Similar clinical signs were also documented by other researchers and scholars such as
severe diarrhea, emaciation, loss of body fluids result in dehydration and loss of body weight
(Panciera et al.1971; Fayer et al. 2000; Santin et al. 2004). In small ruminants, cryptosporidiosis

is caused by an important enteric protozoan known as Cryptosporidium parvum and clinically
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characterized by diarrhea, dehydration, anorexia, intermittent discharge and poor weight gains
(Foreyt, 1990). Cryptosporidiosis is more severe in lambs and kids than adult small ruminants
(de Graaf et al. 1999; Chalmers et al. 2002).The severity of the disease may be connected with
the nutritional status and immune status of the animal (Olson et al. 1997). There was loss of 2 kg
body weight in goat kids suffering from natural infection with C. parvum when it was compared
with the same age healthy goat kids as reported by de Graaf et al. 1999.
2.11: Symptomatic Infection in Humans

In humans, the symptomatic period of cryptosporidiosis is clinically characterized by

abdominal pain, dj de mild fever, vomiting or nausea, malaise, weight loss,

anorexia 86; Casemore, 1990).There is sudden onset of watery

re passed per day but some times the number may

may contain mucus and sometimes offensive. Symptoms usually remain for 3

i some paien’s A ) BoMA M SO LY F 1O N S

nger. Oocysts are continuously Shed Tro Vs an

range may be exten® days even after the disappearance of symptoms while the

shedding of oocysts 0 exceptionally up to 2 months in some cases (Jokipii and Jokipii,
1986).
2.12: Pathological Examination

Gastrointestinal tract of the animal should be selected for postmortem examination within
15 minutes following death or euthanasia. For histological examination, samples should be taken

from various parts of small and large intestine such as duodenum, jejunum, ileum (small intestine

parts), caecum, colon and rectum (large intestine). During cryptosporidiosis histological changes
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were observed in the mucosal layer of the affected part of the gastrointestinal tract (Tzipori et al.
1981).
2.13: Immunohistochemistery:

Direct immunofluorescent-monoclonal antibody staining technique, has been shown to
find the highest detection rate in comparison to acid-fast staining (Allies et al. 1995) although the
later showed 83.7% sensitivity and 98.9% specificity as compared to PCR. Whenever there is
low grade infection due to the Cryptosporidium, usually “immunohistochemistery” is the only
tool used for proper diagnosis of the Cryptosporidium infection in a fecal specimen, mainly as an

immunofluorescen I jugated monoclonal antibody directed against the wall of

oocysts. T as diagnosed by Xiao and Herd, 1993; with the help of

als showing diarrhea. “Cellulose acetate membrane

method” was reported by (McCuin et al. 2001) to recover the oocysts of the

ACADEMIC SOLUTIONS

Agnieézka Kaupkel etat=2017 to identify the Cryptosporidium species in different breeds of
sheep and goats reared under different managemental conditions in Poland. Different risk factors
were studied such as breeds, sex and age to find out percent prevalence of the Cryptosporidium
infection.

Fecal samples were collected from 234 lambs and 105 goat kids up to 9 weeks of age
from 24 breeds. In lambs, the molecular percent prevalence was 19.2% (45/234) detected

through PCR whereas 37.1% (39/105) was detected in goat kids. The 18SSU rRNA was the

common locus for identification of the Cryptosporidium. All Cryptosporidium species were
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identified on the basis of 18SSU ribosomal RNA (rRNA).On the basis of molecular detection,
we identified the following species of the Cryptosporidium such as C. bovis, C. parvum, C. xiaoi,
C. hominis and C. ubiquitum. In sheep, GP60 subtype was identified which revealed the
occurrence of the Cryptosporidium parvum. In sheep, subtype C. parvum 11aA17G1R1 was
identified while in goats 11dA23G1 subtype was identified. According to the study, there was
non-significant difference was observed between different two age groups. In sheep, there was
no correlation between the breeds and occurrence of different species of the Cryptosporidium
while in goats, breed wise differences was correlated with prevalence of the Cryptosporidium

infection in Poland

R diagnostic techniques are the most commonly used

in ro i r absence of the genus Cryptosporidium in various

atories. Polymerase chain reaction is followed by RFLP is widely employed for

oo ACADEMICSOLUTIONS

idemiological investigations. The geno regions

rRNA, thrombospondin related adhesive protein,
Cryptosporidium oocy: protein, 70-kDa Heat Shock Protein and actin gene (Rochelle et al.
1996 ; Peng et al. 1997; Spano et al. 1997; Elwin et al. 2001; Sulaiman et al. 2002; Jiang et al.
2005).

On the basis of zoonotic nature of Cryptosporidium, the interest was grown in the study
of cryptosporidiosis in the last few years, especially when the molecular techniques were used to
describe different spp., genotypes and subtypes (Plutzer and Karanis, 2009). At present there are

more than 22 species of the Cryptosporidium has been reported by using various molecular

techniques. Out of 22 species, 12 species are present in mammals. By using PCR technique,
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more than 61 genotypes of the Cryptosporidium were identified on the basis of host and genetic
analysis (Xiao, 2010). PCR technology is one of the most important alternative techniques for
detection of the Cryptosporidium parvum in both clinical and environmental samples (Chung et
al. 1998). PCR is an effective technique to identify even a single Cryptosporidium oocysts in
clinical and environmental samples (Wagner- Wiening and Kimming,1995).In spite of the
variability in DNA extraction for each sample, PCR is one of the best diagnostics technique for
the detection of the Cryptosporidium. Above 50% correlation has been recorded between PCR
results and various tests results. In a previous study, it was reported that 62.4% correlation is

present between n results while exceptional correlation was 100% between

IFA and tion of the Cryptosporidium from fecal samples

pic examination can expo

ts were dectrei/y 2 AT ME SO EYTIONS

1999). Developments of Specific antioooles . are . necessaly  Tor  detection of the

ofluorescence method (Kostrzynska et al. 1999).

e presence of blank oocysts in fecal samples and

2.15: ﬁapid immune- atographic assays

Cryptosporidium oocysts can be easily detected in animal feces with the help of Rapid
immune- chromatographic assays and the performance of this assay can be evaluated by
employing a reverse transcriptase PCR and a golden standard (Klein et al. 2009). The sensitivity
and specificity of this assay is highly correlated with sedimentation and flotation technique for

detection of C. parvum. Such assays are very fast and sensitive and can overcome all the

deficiencies face in conventional diagnostic methods. These assays are also practicable for
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veterinarians, which require sensitive, reproducible, fasts and simple diagnostic techniques for
fast therapeutic and prophylactic procedures (Luginbiihl et al. 2005).
2.16 : Source of infection

The Cryptosporidium parvum, Entamoeba histolytica, Giardia lamblia and Cyclospora
species are highly prevalent in the environment and are responsible for causing water born and
food borne diseases (Ayeh et al. 2009). Cryptosporidium is worldwide in distribution and its
infection has been reported in more than forty domestic and wild species including mammals,
reptiles, birds and fish (Fayer and Ungar, 1986).The Cryptosporidium species are the big source

and threat of contamai er supplies because they are highly resistant to chlorine

n cause the infection with low dose and are transmitted

2008). As a result of big threat to water supplies,

orne outbreaks of Cryptosporidiosis have been observed in various parts of the

g et al. 2005). So ApGospiidu) Forh]Cain &€ bedh Ik @IN S

ater, identified by drinking water regu countries

(Gostin et al. 2000) @ s factors which are responsible for contamination of water by

Cryptc;sporidium oocy N as farm animals, wild animals and humans (Jiang et al. 2005).
There are few other factors such as age and season, which can also influence the

prevalence (%) of the Cryptosporidium infection. The percent prevalence of the

cryptosporidiosis on the basis of age and season has been reviewed as under:

2.17(a): Age related prevalence of cryptosporidiosis

A highly significant percent prevalence of the Cryptosporidium infection was 55.07%

observed in diarrhoeic lambs having age less than 14 days while low prevalence up to 15.18%

was recorded in healthy lambs having age ranging from 15-30 days old with the history of
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diarrhea. A study was conducted in Tobago and Trinidad, where the percent prevalence of the
Cryptosporidium infection was 25.5% in diarrhoeic lambs and their ages was ranged from 1-90
days while on the other hand the percent prevalence was 11.4%, in non diarrhoeic lambs
(Kaminjolo et al. 1993).

A study was conducted in Poland, where 60 healthy lambs having age less than 3 months
and 90 adult sheep’s, were selected randomly for percent prevalence of the Cryptosporidium
infection on the basis of fecal examination. As a result, the highest percent prevalence of the
Cryptosporidium infection was reported in lambs as compared to adult sheep (Majewska et al.

2000). Causape et d that 1-14 days old lambs were 2-3 times more infected

with Cryp aving age more than 15 days old while prevalence(%)

of the Cryptosporidium in a very small number.

as also reported in the sa

a2 AC ADEMIC SOLUTIONS

A similar study with the same Tindings n et al.

tudy that the highest percent prevalence was 83%

in Mexico in lambs g and in healthy sheep, though the exact age of the lambs was

not mentioned. A sma entage of the Cryptosporidium infection was reported by Sevinc et
al. 2005 in lambs having age about 2 months and it was detected through either presence of
oocyst in fecal material or with fecal antibody detection (ELISA test).

In Switzerland, a study was conducted where small numbers of lambs with diarrhoea were
examined by Ozmen et al. 2006 for detection of percent prevalence of the Cryptosporidium
infection in fecal samples who documented that the Cryptosporidium infection was common.

In Serbia, a study was reported by Misic Z et al. 2006 and observed that the

Cryptosporidium infection is the most common problem in diarrhoeic lambs. It has been also
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proved and acknowledged by different researchers that an age related resistance to the
Cryptosporidium infections are exists in small ruminants. During the first two weeks of life, the
Cryptosporidium infection is more common in young lambs while visible decrease has been
reported in lambs, positive for Cryptosporidium infection with the passage of time as the
immunity develops (Ortega-Mora et al. 1999; Causape et al. 2002; Giadinis et al. 2007).

The present study reveals that high prevalence of Cryptosporidium infection is
responsible for causing diarrhea in new born lambs in the Greece. These findings provide useful
information to the clinicians who can consider cryptosporidiosis while making differential

diagnosis for the b diarrhea. The present study also illustrate that high

e age of 15 days in neonatal lambs which is highly
tosporidiosis is one of the most common cause of
s and many experiments have been conducted for

" rownion s CADEMIE SOLUTIONS

00; Castro-Hermida et al. 2001; Naciri et al. 2005).

The Cryptos' i plon also occurs in cow calves suffering from calf scour alone
or Witﬁ other enteric pa
1986). Deficient data is available on the epidemiology and various risk factors of lamb diarrhoea
and its association with Cryptosporidiosis worldwide (Berg et al .1978; Tzipori 1983; Ozmen et
al. 2006).

A study was conducted by Ortega- Mora et al. (1999) in Spain and it was estimated that
an asymptomatic ewe can expel about 20,000 to 444000 oocysts / day.
It was also reported that the minimum infective dose is 1 oocyst/lamb while the average

infective dose is 5 oocysts/lamb so it was recorded that 4000-110000 infective doses/ day can
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shed by an asymptomatic ewe(Ortega-Mora et al. 1999).If we use highly sensitive diagnostic
technique such as an immunologic technique(ELISA, IFAT) or PCR technique, the number of
infected ewes could be decreases because these diagnostic techniques are more sensitive and
accurate than simple microscopic examination and an early diagnosis is possible with a single
oocyst (Ortega-Mora et al. 1999; Ryan et al. 2005; Sevinc et al. 2005). The shedding of increased
number of oocysts also depends upon the stage of production of ewes and it was recorded at the
stage of periparturient period in ewes (Ortega-Mora et al. 1999). Higher prevalence of
Cryptosporidium infection was also reported in healthy dairy ewes that can serve as a source of

reservoirs for the tr

2.18(b): S yptosporidiosis

in distribution and commonly found in all wet and

the year as described by JaTari et al. 2013 and Green et al. 2004.

e o wACADEMIC SOLUHONS

ptosporidiosis in various cattle farms wWhi

calving season so thé r of calves are at high risk at the age of 1-3 weeks (Lefay et
al. 2000). In US, a study=was conducted by Garber et al. 1994; with the results that slightly high
percent prevalence of the Cryptosporidium infection was reported in the summer season while
high prevalence was reported by Mohammed et al. (1999) in winter season and no seasonal
effect on prevalence of cryptosporidiosis was reported by Ongerth and Stibbs, 1989. There is
limited data, available about the seasonal prevalence (%) of cryptosporidiosis in lambs. In NW
Spain, a study was conducted about seasonal percent prevalence of the Cryptosporidium

infection and as a result, 90% farms of small ruminants were found positive and 24% lambs were

found positive in spring while in autumn, 40% farms were infected where 8% lambs were
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positive for Cryptosporidiosis (Matos-Fernandez et al. 1994). The highest percent prevalence
was documented in summer and spring than in winter and autumn.
2.19: Country wise prevalence of the Cryptosporidium infection in small ruminants

Different studies were conducted to find out the percent prevalence of the
Cryptosporidium infection in small ruminants in different countries of the world is illustrated in
the table. (2.1):

Table 2.1: Country wise prevalence (%) of the Cryptosporidium infection in small ruminants.

Sr. | Species Animal Country Prevalence | Reference
1 C. par 31-59% Causape et al. 2002
2 10.1% Majewska et al. 2000
Sheep 2.5% Mahfouz et al. 2014
Sheep Ir 1 ekhagi 0
C.parvum Sheep%%@N
C. parvum eep (() Tunisia 11.2% Soltane et al. 2007
8 | Crparum—NSheep >"-/India 1.8% Maurya et al. 2013
9 C. parvum Sheep | Papua New Guinea 2.2% Koinari et al. 2014
10 | C. parvum Goat Spain 30% Castro-Hermida et al. 2007
11 | C. parvum Goat Poland 0% Majewska et al.2000
12 | C. parvum Goat Iraq 17.7% Mahdi and Ali, 2002
13 | C. parvum Goat Papua New Guinea 4.4% Koinari et al. 2014
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2.20 : Management

Overcrowded or intensive management system could be attributed to higher percent
prevalence of cryptosporidiosis in domestic animals where animals of different ages are placed
together or when infected animals are housed together with healthy animals. When animals are
raised under such management system, will be highly susceptible to the infection because the
oocyst can easily contaminate the living area and infect the animals by ingestion (Castro-
Hermida et al. 2002; Ayinmode and Fagbemi, 2010; Alemayehu Regassa and OdaGizaw, 2013).
Similarly small ruminants such as sheep and goats should not be raised together because it can

transmit the infecti animals to the healthy animals. We can also minimize the

chance of en the adequate space is available at night.

2.21:

two major problems re g proper control of cryptosporidiosis (a): Lack of

medy to control t@aﬁbDﬂEMtlﬁv"g@ l'l“li"ﬁ“‘l NS

Cryptosporidium oocyst. T

various stressful en ditions such as high temperature or low temperature so it is

the source of contamirfatser fOr long time (O’Donoghue, 1995).As a prophylactic agent different
vaccines and drugs have been used against Cryptosporidiosis in humans and animals but low
efficacy have been observed (Santin and Trout , 2008).

In south Europe, several experiments have been conducted during the last few years on
the prevention and treatment of the cryptosporidiosis in lambs, kids and cow calves. Different
drugs have been used and their efficacy was recorded. Halofuginone lactate was reported as the
most effective drug and authorized drug for the treatment as well for the prevention of the

cryptosporidiosis as reported in Greece where used as a best therapy for treatment of the

cryptosporidiosis in cow calves, lambs and goat kids. The selected Halofuginone dose rate was
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100 ug per kg bodyweight (ImL per 5 kg body weight) with no side-effects. This dose rate was
generally accepted for the treatment and prevention of the cryptosporidial infection in cow
calves (Jarvie et al. 2005) and the same dose rate has been used in lambs during experimental
infection in France (Naciri et al. 2005). Two studies were conducted in France where
halofuginone was diluted with 20 ml reconstituted milk powder before administration while in
other study it was administered undiluted. Two other experiments were conducted in lambs,
where halofuginone was used at the dose rate of 500 xg per kg body weight. One experiment was
conducted in France (Naciri & Yvore, 1989) while other was in Spain (Causape et al. 1999).

During these two e ide-effects were recorded when halofuginone was used at the

dose rate or three days consecutively but weight gain and feed
bs where halofuginone was used for five days
ide-effects were observed when halofuginone was
i e ot 50 oG ADEMIE SOLITFIONS
own ineffective results when used at the dOSe rate or a0 LO/RY and satlsractory results have

of 60 ug/kg. Excellent results have been reported when

shown when used
halofuéinone was us e dose rate of 100 ug/kg reported by Naciri et al. 1993.
Halofuginone has been used in low doses in calves. The drug was shown to be ineffective at the
dose rate 0f30 ug/kg, but produced satisfactory results when used at the dose rate of 60 ug/kg.
However, the best results have been achieved at the dose rate of 100 wg/kg (Naciri et al.,

1993).Therefore halofuginone, has not been used in lower doses than 100 x«g/kg in lambs as

reported by (Naciri et al. 2005).
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When other drugs such as paromomycin (Viu et al. 2000) and cyclodextrin (Castro-
Hermida et al. 2002), were tested against cryptosporidiosis in lamb, the highest therapeutic
results were observed.

Duration of administration was one of the most important aspects of halofuginone for the
prevention of the natural cryptosporidiosis (Naciri and Yvore 1989) and the best results were
achieved when halofuginone was administered for 3 days at the dose rate of 500 ug per kg body
weight in lambs experimentally infected. When Causape et al. 1999, administered halofuginone
at the dose rate of 100 xg/kg to lambs naturally infected with cryptosporidial infection, oocyst

shedding and clinic ed in a short time while similar findings were also observed

by Naciri
w chemotherapeutic agent, highly effective against

s. NTZ has been show broad spectrum parasiticidal activity against

efficacy of NTZ in 12™pettents suffering from AIDS and Cryptosporidiosis. In seven patients
there was more than 95% reduction in oocyst excretion and four of seven were completely free

of diarrhea (Doumbo et al.1997).
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Table 2.2: The efficacy of different drugs used for treatment of cryptosporidiosis in small and

large ruminants.

Efficacy of different drugs used against cryptosporidiosis in small and large ruminants.
Drug Animal | Dose Period of Shedding | Occurrence | References
species | Rate administration | of oocyst | of
diarrhoea
Halofuginone | Lamb | 500 xg | 1-5 days Prevented | Prevented | Naciri and
lactate Yvoré, 1989
Halofuginone | Cow 30to 3-14 days Prevented | Prevented | Harp etal. 1990;
lactate calf 500 ug Naciri et al.
1993; Peeters et
al. 1993
Paromomycin | Cow 25to 11 days Prevented | Reduced Fayer and Ellis,
calf 100 mg and 1993
improved
Paromomycin days Prevented | Reduced Mancassola et
and al. 1995
Improved
Decreased | Reduced Redman and
and Fox, 1994
Improved
2.5mg | 21 days Decreased | Reduced Mancassola et
SLUTION

A study was

goridiosis

pvaluate the alcoholic and watery effect of some medicinal

plants agai all and large ruminants. The watery and alcoholic extracts
of three medicinal plants were used. The name of three plants used as medicinal plants were
Curcuma longa, Viscum album and Corindrumn sativum. The same dose was used for all three
plants. It was found that Curcuma longa had the highest efficacy against cryptosporidiosis and it
was confirmed through laboratory tests on the basis of reduction in oocysts in infected mice. The
efficacy was 100% at the dose rate of 750 mg/Kg body weight at the 7" day of post treatment
and the plant was used at the dose rate of 1000mg/Kg body weight at day 5" in the form of

watery extracts. The drug was used at the dose rate of 1000mg/Kg body weight in the form of

alcoholic extracts on the 4™ day. Then Viscum album was used at the day 7' with the dose rate of
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750 mg/Kg body weight in form of watery extract and 1000 mg/Kg body weight in form of
alcoholic extract with concentration 48% and 54% respectively. The lowest efficacy of
Coriondrum sativum was recorded at all concentrations when used in form of watery extracts and
alcoholic extracts. When folic acid and potassium chloride were added to the watery and
alcoholic extracts of Coriondrum sativum, no major differences were recorded. The efficacy of
Coriondrum sativum was increased up to 100% when it was used in combination with the
azithromycin at the 4" day of treatment while its efficacy was 68% when it was used without

azithromycin (Hiro et al. 2012).

Statement of

livestock and facing a large number of threats in form

ility has been seriously affected. Different parasitic

e ntecions are causfh (el M G 1Bl THEINS

creened for presence of variou

parasites by using simple conventional diagnostic tools. The

Cryptosporidium inf is highly endemic in small ruminants in our country. There was need
of proper diagnosis of cryptosporidiosis to find out the percent prevalence in sheep, goats, lambs
and goat kids in small ruminants and children. It was also needed to determine the efficacy of
various herbal and allopathic drugs against cryptosporidiosis. On the basis of the highest
prevalence of the disease in small ruminants and children, the current study was designed and

conducted to find out the percent prevalence of the Cryptosporidial infection in southern areas of

KPK, Pakistan to achieve the following objectives.

1. To determine the prevalence of cryptosporidiosis in small ruminants.
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2. To identify the various risk factors responsible for contributing the occurrence of the
disease.

3. To find out the zoonotic aspect of the Cryptosporidium infection.

4. To develop PCR based techniques for detection of the Cryptosporidium infection.

5. To study and compare the hematological parameters and biochemical analysis of serum
collected from the Cryptosporidium infected animals and non-infected animals (Healthy
animals).

6. To conduct and compare the percent efficacy of different herbal (Indigenous) and
allopathic drugs through various therapeutic trials against cryptosporidiosis.

ACADEMIC SOLUTIONS
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CHAPTER 3
MATERIALS AND METHODS

Cryptosporidium is the most common enteric pathogen in cattle, buffaloes, sheep, goats
and humans throughout the year. The Cryptosporidium parvum causing infection in sheep and
goats also carries public health significance. The study was conducted to find out the percent
prevalence of the Cryptosporidium infection in small ruminants (Sheep, goats, lambs and kids)
of different age groups, sex, areas and seasons of the year under various managemental
conditions in three selected districts of Khyber Pakhtunkhwa(KP or KPK) Pakistan.

Identification of Cry oocysts was made on the basis of microscopic morphological

features a ining. In sheep fecal samples were first tested through

by confirmation with molecular technique known as

Area’S""”‘p'eCxﬂﬁ‘@‘ADEMIC SOLUTIONS

e source of the samples was s

Lakki Marwa an

District Bannu is located at 32.99° North latitude, 70.61° East longitude and 371 meters
elevation above the sea level while the District Lakki Marwat is located next to the District
Bannu, KPK Pakistan, Asia and its geographical coordinates are 32° 36' 27" North, 70° 54' 45"
East. The Kohat district is the southern districts of the KPK Pakistan and lies between north

latitude 32° 47" and 33° 53" and east longitude 70° 34" and 72° 17.
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Materials and Methods

3.2: Experimental Site

All samples were processed in Medicine Laboratory, Department of Clinical Medicine
and in the Laboratory of the Department of Parasitology, Faculty of Veterinary Science,
University of Veterinary and Animal Sciences (UVAS) Lahore, Pakistan.
3.3: Sampling strategy

Fecal samples were collected from sheep, goats, lambs and kids reared in the three
selected areas for one year (January, 2016 to December, 2016). Observational study was
conducted on the basis of related information recorded during each visiting day on a

questionnaire. The heep, goat, lambs and kids was recorded at the time of

sampling for gathering of useful indistinguishable data. The

eby attached as annexure (3) within last chapter of

erent entries and informa

e s AGADEMIC-SOLYTIONS

imal (sex, age), Animal species (Ovine S Teeding

s collected at the time of sampling included in

(grazing or stall feeg rce (Deep well or Stream or Pond), Colostrum intake (Fed

or Deprived), Dewo Yes or No),Environmental conditions(temperature, humidity,
average rainfall), Season (Spring, Summer, Autumn, Winter), present history including (body
temperature F° ), diarrhea (Present or Absent) and physical condition of the body (emaciated,
weak, healthy)

All animals included in study plan, were selected from three selected districts using
convenient sampling method randomly, from asymptomatic small ruminants (Sheep, Goats, Kids

and Lambs) for detection of percent prevalence of the cryptosporidiosis. During the total study

period, 1440 samples were collected for the period of one year. Out of 1440 samples, 360

41
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samples were collected per sheep, goats, lambs and kids for the period of one year in three
selected districts. Ten samples per month per district were collected from sheep, goats, lambs
and kids. Thus 40 samples were collected per district per month per animal group. As there were
three districts (n= 3) so 120 samples were collected randomly for the period of one year so
collected 1440 samples (n=360 per animal category) for the period of one year. Experimental
sampling plan has been presented in table (3.1).Similarly, fecal samples were also collected from
360 goats (n=30/ month/ 3 districts, 10/ each district/ month) and 360 goat kids per year per three
districts (n=30/ month/ 3 districts, 10/ each district/ month). All the samples were collected from

bs (age from day old - 6 months) and kids (age from day

collected from three selected Head Quarter Hospitals

u, Lakki Marwat and Kohal."All the samples were collected from those patients

rom abdomine A@AEDE&MICWSQLUTI@‘NS

llected from adults and children"were p

samples were collec : vide mouthed plastic bottles properly labeled and transported
to the refrigerator till amadySTs within one or two weeks. All the samples were analyzed in the
Medicine laboratory, Department of Clinical Medicine & Surgery, University of Veterinary and
Animal Sciences, Lahore. All the collected samples were examined microscopically and

screened out for the presence of the Cryptosporidium oocysts.
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Materials and Methods

Table 3.1: Experimental convenient sampling technique for collection of fecal samples
from January to December, 2016 from small ruminants reared under
different managemental conditions in three selected Districts of southern
KPK, Pakistan.

Sampling Type and Month wise Sampling
District designation of
animals 1 2 3 (4|56 |7|8]9]10|11|12
Sheep (A) 10 10 | 10 |10/10|10|10|10|10| 10|10 10
Goats (B) 10 10 | 10 |10(10/10|10|10|10| 10| 10|10
Bannu Lambs (C) 10 10 | 10 |10(10/10|10|10|10|10| 10|10
10 (10|10|10|10|10| 1010|1010
10 |10|10|10|10|10| 1010|1010

10 |10 (10,10|10|10| 10| 10| 10|10

10 |10 (10,10|10|10| 10| 10| 10|10

P ACADEMIC SOLUTIONS

Sheep (A) 10 | 10 110 11011011010 1010 101010
GogiexB) ( 1)10 | 10 | 10 10|10 10|10|10| 10|10 10] 10

“T10 [ 10 (101010 10|10 10| 10| 10| 10
Kids (D) 10 | 10 | 10 [10|10|10 1010|1010 10] 10
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Materials and Methods

Study Protocol
3.4: Ethics Statements

All the fecal and blood samples were collected with the permission of owners at the time
of visiting to small ruminants. Sufficient veterinary care was taken at the time of sampling and
free veterinary service was provided to all animals without any fee or medicine charges.
Informed the farmers about proper vaccination and deworming programs for the betterment of
the herd and uplifting the life standards of the poor farmers.

3.5: Microscopic identification of the Cryptosporidium oocysts

was collected with the help of rectal swabs from each

directly collected from the rectum of adult sheep and

ing with the help of the pla

s AGADEMIE SOLUFIONS

m small ruminants and children were pr 0 sterile

disposable gloves. In children, the stool samples

clean, moisture resi a aind disposable wide- mouthed plastic bottles free of urine
contamination. All the™sampTes were transported and refrigerated at 4CP till analysis within one
or two weeks.

Precautions: Following precautions were adopted during collection of fecal samples.

> Did not freeze any fecal sample during storage period.

> Fecal samples and preservatives were used at correct proportion.

> All the vials were tightly sealed to avoid any leakage.

> All the vials were properly labeled at the time of fecal collection.

> Fecal material and fixatives were properly mixed at the ratio of 1:3.
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3.5.2: Laboratory Analysis of Fecal Samples

All the fecal samples were properly analyzed by using a Faust modified centrifuge-
flotation technique (Leventhal and Cheadle, 1992). By using electric balance, 3 grams of fecal
materials were weighed. After weighing, fecal materials were dissolved in distilled water to
make homogenized solution. After homogenization, the solution was centrifuged at 1500 rpm for
1-2 min. As a result of centrifugation, the supernatants were removed from the solution and the
sediments were resuspended in the flotation solution known as ZnSO4 (44%). The solution was
again centrifuged at 1500rpm for 1 mint. Finally the sediments were examined under microscope

and the supernatan om the solution. The Cryptosporidium oocysts were stained

g technique (Casemore DP et al. 1985). In the present

s were properly stained by modified Ziehl- Neelsen

ast staining technique a

ACADEMIC SOLUTIONS

’5.2.1 : Modified Ziehl-Neelsen acid Tast staining tecnnigque

were confirmed through simple microscopic

I Stained with strong Carbol fuchsin for 15-20 minutes.

1I. Then slides were washed with tape water.

(\VA Now the decolorized agent (1% acid alcohol) was applied for 2 minutes.

V. After decolorization, all the slides were rinsed with tape water.

VL. Methylene blue or Malachite green was used as a counter stain for 1 minute.
VII. Finally slides were rinsed again with tape water and air dried.
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All the stained fecal slides were examined with the help of calibrated light microscope for
detection of the Cryptosporidium oocysts at 100 x magnification using oil immersion as reported
by Bakiret et al. 2003.The Cryptosporidium oocysts appeared as bright red granules on a blue-
green background in MZN stained fecal smears. A fecal sample was considered positive if at
least one, clearly identifiable the Cryptosporidium oocyst was identified. The total number of
oocysts per gram (OPG) of feces was obtained by multiplying the total number of oocysts on the
slide by 50.

3.5.2.2 ldentification of Cryptosporidium oocysts/ Eggs

The Cryptos s/ eggs were identified on the basis of morphology, size and

the key as . Then infection rate using the following equatiion;

p or Goats infected
= _ x 100

Total No of Sheep ats Examined

ared a single sli f@ ﬁhBaEaM lr@xaﬁ@ﬂ er:m N S

st single oocyst was seen per-sh

cryptosporidiosis.
3.5.2.3;: Counting o
Oocyst per gram (OPG) was calculated on the basis of formula reported by Handley et al.
1999. Known W/Volume suspension was prepared for each fecal sample. On the basis of
following formula, OPG was calculated for each fecal sample before and after treatment.

N = S

Vol. x Wt x PV
Where,
N = Total number Oocysts / gram of feces

S = Total number of counted Oocysts on the surface of slide
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Vol = Total volume of the sample examined e 20 pL and the volume was taken with the
help of P- 20 micropipette which can pick 20 pL volume accurately.
W1t = Stands for weight of fecal sample (20 gram).

PV = Stands for volume of pellet (1mL)

3.6: Molecular Detection of the Cryptosporidium oocyst
Johnson et al. (1995), described a technique for identification and detection of the
Cryptosporidium oocysts at molecular level by using Polymerase Chain Reaction (PCR).Before

processing, all the s ored at -60°C and PCR (Polymerase Chain Reaction) was

DNA from the Cryptosporidium oocyst by using the

A o o REAR DE MI‘@'”@S@L@TI ONS

Silva et al. 1999; after makin

GFC vivantis) was on of the Crypto oocysts tissue. Weighed 1.32 gram of fecal

materiél and mixed With=prateinase K (5ul), TL buffer (200 ul) and cell lysis enhancer from
DNA extraction kit and the mixture was incubated at 37C°/22-24hrs. After incubation period,
200 ul TB buffer was poured in the mixture and placed at 64- 65°C in water bath for a period of
20 minutes. The sample solution was centrifuged at the rate of 13200 rpm for a period of 30
minutes. To collect supernatants, Eppendorf tubes were used. Mixed properly 200 ul chilled
absolute ethanol with the supernatants immediately and the samples were centrifuged at the rate
of 13200 rpm for a period of 35 minutes. After proper centrifugation, the pellets were obtained

and resuspended in 750 pl washing buffer and then centrifuged at 13200 rpm/30 minutes. After

centrifugation, the supernatants were discarded and the pellets were washed several times until
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DNA was extracted. Then TBE buffer was used to dissolve the pellets and stored at -80°C for
further use. By using 0.8% Agarose gel, the extracted DNA was detected with the help of
agarose gel electrophoresis. All the samples were weighed down in the wells with the following
ratio= DNA Sample of 10uL+ A Loading dye of 2 pL6X.
PCR product was stained by Ethidium bromide after gel electrophoresis at the rate of 50 volts/ 40
minutes and photograph was taken by Gel Doc.
3.6.2: Amplification of DNA

Amplification of gene (Cryptosporidium oocyst DNA) was obtained according to the

procedure as repor et al. 1999. The different reagents that were used for the

ocess of the amplification were prepared according to

as provided by the manufacture of kit. De-ionized

to the dNTPs stocks for di

et al. 1995, d n@e thEMeICam&.LUTli‘NS

on purpose to reach the strength of 2.5mM.

similar— to the sequence e Cryptosporidium. The targeted gene of parasite was 18s rRNA
which result in amplification of a segment of genomic DNA at 435 bp (base pair). The following
sequence of primers was used as a Forward primer: (5-AAGCTCGTAGTTGGATTTCTG-and
the sequence of reverse primers was used as (5-TAAGGTGCTGAAGGAGTAAGG-3. (Gen
Bank accession number L16996).

TE buffer, Stock primers and TBE buffer were numerically converted into the

concentrations as required according to the instructions, protocol and directions mentioned by
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Johnson et al. 1995. The composition of the PCR reaction mixture used in the experiment, was
prepared according to the instructions as mentioned in the annexure= 1.

In the laboratory, the reaction mixture was properly mixed in ice tar safety cabinet and
prepared the mixture up to five reactions of the PCR. When PCR started, then maintained at
initial temperature at 94°C and programmed at 65°C. PCR was run for 35 cycles and completed
the procedure in two hrs. Then the temperature was lowered up to 4°C. Properly labeled all the
amplified DNA samples and stored at -20°C for further use.

3.6.3: Agarose gel electrophoresis

NA were extracted from Cryptosporidium oocyst and were

detected agarose gel electrophoresis. Then weighed 1 gram of

ectric balance and added distilled water to prepare a

I. The mixture was proper

cating gloves. ThAYCAehDy forefodp] Cne S | i I@N S

temperature of 40-45°C in the mixture. Usan

ncubated at 100°C/ 2 minutes in the oven by using

comb was fixed in 0 make solidify. Then with the help of gentle motion, comb

was picked up and pOStrered in the electrophoresis tank. Tank buffer composition has been
shown in annexure 2. All the independent wells were properly loaded with amplified DNA
samples along with DNA ladder. A dye was used in ladder known as Bromophenol blue dye and
the samples of DNA were used as an indicator to confirm the movement of samples in the gels.
During electrophoresis, 60 volts of current was constantly supplied to carry out the process in an

horizontal fashion. When all the samples were run through electrophoresis, then the standard

system was properly stopped and gently removed the gel. Now the gel was placed at gel
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documentation apparatus and photographed the nucleic acid bands to visualize properly for
recording the results.
3.7: Determination of percent prevalence

The rate of prevalence (%) of cryptosporidiosis was calculated as per the formula,
Percent prevalence = d/nx 100

Where “d” stands for the total number of infected animals or diseased animals at
particular point at a time while
“n” stands for total number of animals examined for presence of cryptosporidiosis in that

particular point.

ental factors such as temperature, average rain fall

humidity were collected al Qaily basis from the meteorological department of

KP, Pakistan. Al e@ﬁ'E”M E@ aSS' Ie_"tf,iwel @N S

in fall and relative (%) humidity was Tec ow loa

of the Cryptosporidiim 1y ~@o environmental factors in different months of the year.
3.9: Chemotherapeut

A total of 50 goats were randomly selected of the same age and weight of either sex,
naturally infected with the Cryptosporidium infection under field conditions. All the animals
were kept under same management and feeding pattern. The group “E” was held as a positive
control group. The different chemicals were purchased from the local medical stores. The

different drugs such as Azithromycin, Metronidazole, Allium sativum (Garlic) and Paromomycin

were selected for therapeutic trials against cryptosporidiosis in small ruminants.
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3.9.1: Grouping of animals

A total of “50” goats, that were naturally infected with the Cryptosporidium infection
selected randomly and divided into five groups named as A, B, C, D and E. Placed 10 heads in
each group from A-E.
Group A

All the animals in group A, were treated with Azithromycin at the dose rate of 500 mg

per day per animal per oral (PO) for a period of five consecutive days.

e treated with Metronidazole at the dose rate of 50 mg/ Kg

ive consecutive days.

ativum (garlic) was admin

a0 v cAGADEMIC-SOLUTIONS

ptosporidiosis.

ated in form of crude juice for a period of five

First separated tlb of fresh garlic and washed with clean water. Dried in sun light
and crushed 500 gram of garlic bulb in a blender until uniform soft mass was achieved. Then
paste was diluted in distilled water to achieve 1 gram per ml aqueous solution.Aliquoted raw
garlic juice and stored at -20C until use (Riad et al. 2009; Burke et al. 2009, Masamha et al.
2010). Stock solution was diluted with distilled water and working solution was made from stock
solution. The selected dose for present experiment was 50 mg/kg body wt.

The animals of Group C, were treated with Allium sativum (garlic) at the dose rate of 50

mg/ kg body weight per day per oral (PO) for 5 consecutive days.
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Group D

The group D was treated with paromomycin at the dose rate of 100 mg/kg body weight
per day per oral (PO) for a period of five consecutive days.
Group E

The animals of group E, served as a control positive (+) group and no treatment was
provided during the trial period and placed in a hygienic environment with great care to avoid
further spread of the infection in experimental site.
3.9.2: Assessment Criteria

s was evaluated on the basis of reduction in counting of

oocysts p reatments. Oocyst per gram (OPG) was counted at day

“0” b, edication) whereas at day 7, 14, 21 and 28 oocysts

er treatment and were compared with infested control group E.

Fionans congh CADEMIESOLUTIONS

Thin fecal smears were fixed Wi Stain for

ridi @

All the preparatio ere properly stained and examined under compound microscope

detection of the Cry ection as mentioned by Henriksen et al. 1981.
and oocysts were counted according to the protocol as described by Soulsby, 1982.

A single stained slide was properly prepared for each fecal sample and examined under
the compound microscope and counted oocysts in 20 microscopic fields/ slide for detection of
the Cryptosporidium oocysts. For oocyst counting, slides were examined within 30 minutes after
preparation under compound microscope at different level of magnifications such as 100X,
200X, 400X and 1000X. All those animals were declared positive if even at least one or two

oocysts/microscopic field were detected under microscope.
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3.9.4: Calculation of percent efficacy of the selected drugs

Efficacy of different selected drugs was calculated according to the formula stated below;

Total oocysts counted before medication____Total oocysts counted after medication

Efficacy (%) x 100

Total number of oocysts counted before medication

During the therapeutic trials, different side effects of the selected drugs were also
recorded.
3.10: Haematobiochemical Profile
3.10.1: Collection of Blood

At the time , blood samples about 5-10 ml was taken from jugular vein

with the nsferred into two tubes; the first tube was heparinized

and | parameters whereas the second tube was placed in

paration of serum and was Used for biochemical analysis. Blood samples were

o0 sous” AV RED B NAFE SO R JTHONS

gative for cryptosporidiosis after confirmation througn coprologicar examinacon. .

Hematology artaty was used for processing of blood samples to obtain complete
hemogram. Hemoglobin, Total leukocyte counts (TLC), Total erythrocyte count (TEC) and
Packed Cell Volume (PCV) values for healthy and non-healthy (infected animals with
cryptosporidiosis) were compared with each other to determine the effect of the Cryptosporidium
on the blood parameters in goats.

3.10.3: Separation of serum

Blood samples were also collected at the time of fecal collection. After screening, the

fecal samples with the help of coprological examination, blood samples were divided into two

53



Materials and Methods

groups, healthy and non healthy. Non healthy group was suffering from the Cryptosporidium
infection whereas healthy group was free of Cryptosporidium infection. Blood samples were
analyzed through centrifugation at 1500 rpm for 20 minutes. The sera were separated and kept in
a sterile labeled test tube at -20 C° until further processed.
Biochemical Analysis

Total serum protein was determined with the help of Biuret Method while albumin was
detected by using special reagent kits (Gornal et al. 1949). The concentration of serum globulin
was determined when subtracted the albumin value from the total proteins. Copper level was

determined by usi ethods with the help of reagent kits (Dreux, 1977). Serum

were determined with the help of atomic absorption

ers were also studied during biochemical analysis

tein, Albumin, ALT, A P, Ca, Mg, Na, and K, chloride, Zn. Cu, urea and

ACADEMIC SOLUTIONS

711: Statistical analysis

At the end o : ected data was subjected to the statistical analysis using the
versioﬁ 20 Statistical package for Social Sciences (SPSS). Prevalence rates were calculated and
presented in form of percentages (%). Data regarding with comparison of differences in
prevalence for different variables and associated risk factors were analyzed using chi-square test
(X2). Data regarding blood parameters between the two groups were analyzed using Z -test
while data regarding the therapeutic trials, were assessed by two way ANOVA using Statistical
Package for Social Sciences (SPSS) version 20( Zar, 2004, Steel et al., 1997 ). All values at

(p<0.05) were considered as significant.
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CHAPTER 4
RESULTS

The Cryptosporidium infection was diagnosed on the basis of simple microscopic
examination of stained thin fecal smear. All samples were identified by morphological
characteristics of the Cryptosporidium oocyst and molecular detection through PCR (Polymerase
chain reaction).Different risk factors such as species, sex, age, area and season were studied to
find out percent prevalence of the Cryptosporidium infection. Finally the efficacies of different
herbal and allopathic drugs were evaluated against Cryptosporidium infection on the basis of
reduction in oocysts per gram under different trials to find out the percent efficacy in reduction

of OPG.

4. 1: osporidiosis in small ruminants

present stu

™ ACADEMIC SO UTICK
®2%). In sheep, the highest percent prevalence of the Cryptosporidial infection was recorded

in Kohat (21.66%) fallowed

st percent prevalence of cryptosporidiosis was,

annu (18.33%) while the lowest percent prevalence was

0). In District Kohat, the highest percent was recorded in
goats (18.3%) followed by District Lakki Marwat (11.66%) while the lowest percent prevalence
was recorded in District Bannu (6.66%). In lambs, the highest percent prevalence of the
Cryptosporidial infection was recorded in Kohat (33.33%) followed by Lakki Marwat (25%)
while the lowest in Bannu (23.33%). On the basis statistical analysis, significant difference
(P<0.02) was observed in percent prevalence of Cryptosporidium infection in sheep, goat, lambs
and kids.

4.2 Prevalence of cryptosporidiosis in Sheep
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Results

An overall percent prevalence of cryptosporidiosis was 18.33%, in three selected districts
of KPK. The highest percent prevalence of the Cryptosporidium infection was recorded in
District Kohat (21.66%) followed by District Bannu (18.33%) while the lowest percent

prevalence was observed in District Lakki Marwat (15%).

4.2.1: Month wise percent prevalence of cryptosporidiosis in Sheep

The data was analyzed on monthly basis to find out which month of the year having the
highest percent prevalence of Cryptosporidium infection in sheep. The highest overall percent

prevalence was recorded in the month of August (36.66%) followed by April and July (26.66%),

May and Se 0), October (16.66%), February (10.66%), March and

prevalence was recorded in the month of December

e basis of statlaﬁlcawﬁﬁwrt:'ﬁgrﬁpgﬂwr I)@N S

fferent months of the year. Statistically significant difference (P<0.05) was observed In

percent prevalence of the Cryp ridium infection in August and with other months of the year

difference (P<0.05) was recorded with other months of the year.

tfference was observed in April and July while significant

Similarly non-significant difference (P>0.05) was observed in several months of the year such as
May and September, February, March and November, January and December while significant
difference (P<0.05) was recorded with other months of the year. All results showing month wise
percent prevalence in sheep have been shown in table (4.2) while curve shows the higher or
lower monthly percent prevalence as figure (4.1).

4.2.2 : Season wise percent prevalence of cryptosporidiosis in Sheep
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Results

In the present study, season wise percent prevalence of the Cryptosporidium infection
was also studied in sheep where, the highest percent prevalence was recorded in the month of
summer (27.5%) followed by autumn (20%), spring (18.33%) while the lowest percent
prevalence was recorded in the winter season (8.33%). On the basis of statistical analysis,
significant difference (P<0.004) was recorded in percent prevalence of the Cryptosporidium
infection in different seasons of the year. Results for seasonal prevalence have been presented in
table (4.3) while the difference has been also presented by figure (4.2).

4.2.3: Age wise percent prevalence of cryptosporidiosis in Sheep
On the basis of age wise percent prevalence, all the results have been presented in table

(4.4). In the curr t percent prevalence was recorded at the age of one year

hile the lowest percent prevalence was recorded at the

the basis of statistical analysis, significant difference

orted in different thre ups of the sheep. At the age of “<1 year” and 1-

tistically non- K@Aﬁg NPAOIOCWBS)® Lw Tf@aN S

rence (P<0.05) was recorded with the age group of >2-3 years .The difference at age wise

During the current study overall percent prevalence of the Cryptosporidium infection was
higher in female (18.80) % while lower in male (17.02%). In the present study, the male and

female ratio was 18.75%:19.04%; 14.28%:15.21% and 20%:22.22% in District Bannu, Lakki

Marwat and Kohat respectively. On the basis of Statistical analysis, non-significance difference
(P >0.689) was recorded in percent prevalence of the cryptosporidiosis in both genders (male and
female) in sheep in three selected zones of southern KPK. Percent (%) prevalence of the
cryptosporidiosis in both sexes (Male and Female) has been shown in table (4.5) while the

difference has been also presented by figure (4.4).
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Results

Table 4.1:  Overall percent prevalence of cryptosporidiosis in different selected small ruminants in three selected districts of
Southern KPK

Factor District Bannu District Lakki Marwat District Kohat Overall
Infected/ Prevalence Infected/Total Prevalence Infected/ Total Prevalence Infected/ Prevalence P-Value
Total (%) (%) Examined (%) Total (%)
Examined Examined
Sheep 22/120 18.33 18/120 15 26/120 21.66 66/360 | 18.33° 0.02
Goats 8/120 6.66 22/120 18.3 44/360 | 12.22°
Lambs | 28/120 40/120 33.33 98/360 | 27.22%
Kids 24/120 28/120 23.33 74/360 | 20.11°

iffer non-significantly (P>0.05) whereas with different superscripts are

ACADEMIC SOLUTIONS

&b mean values carryig

differ significantly a
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Table 4.2: Month wise (Jan-Dec. 2016) percent prevalence of cryptosporidiosis in Sheep in three districts of Southern KPK

Factors District Bannu District Lakki Marwat District Kohat Overall percent prevalence
Infected/ Total Prevalence Infected/ Total Examined | Prevalence Infected/ Prevalence Infected/ Prevalence
Examined (%) %) Total %) Total %) P-
Examined Examined Value

January 0/10 00 1/10 10 1/10 10 2/30 6.66¢ 0.054

February 2/10 20 0/10 00 1/10 10 3/30 10.66°

March 1/10 10 10 1/10 10 3/30 10¢

April 2/10 30 3/10 30 8/30 26.66°

May 2/10 30 2/10 20 7130 23.33¢

June 3/10 10 4/10 40 8/30 20"

July 2/1 212 20 3/10 30 7130 26.66¢

August 4/1 40 A 2/ 0 5/ 5 1 662

September 1/ 10 3/ )33¢

October 30 1/10 TO 10 TO 5130 16.66"

November /10 10~ (‘171) 10 1/10 10 3/30 10¢

December 0 [ 10 \[/ )@_/ 00 1/10 10 2/30 6.66¢

Total 22/120 18.33% 18/120 15% 26/120 21.66% 66/360 18.33%

abc,d fn

mean values carrying same superscript within the row are differ non-significantly (P>0.05) whereas with different superscripts
are differ significantly at (P< 0.05).
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Table 4.3: Season wise percent prevalence of cryptosporidiosis in Sheep in three selected districts of Southern KPK.

Factors District Bannu District Lakki Marwat District Kohat Overall Prevalence
Infected / Prevalence Infected/ Prevalence Infected/ | Prevalence | Infected/ Total Prevalence
Total (%) Total (%) Total (%) Examined (%) P- value
Examined Examined Examined
Winter 4/40 10 2140 5 4/40 10 10/120 8.33°¢ 0.004
Spring 3/20 15 4/20 20 4/20 20 11/60 18.33°
Summer 11/40 27.5 14/40 35 33/120 27.52
Autumn 4/20 4/20 20 12/60 202
Total 22/120 26/120 66/360

ab.¢.8 mean values
are differ significant

e superscript within the row'a
05)

B o ACAREMIC SOLUTIONS

differ non-significantly (P>0.05) whereas with different superscripts

Table 4.4: Age wi

Factors District Bannu Dis’ﬂé?‘akki Marwat District Kohat Overall
N
ected/ Total Prevalenfe )Infect / Total Prevalence | Infected/ Total Prevalence Infected/ Total Prevalence P-
Examined ‘*(%Ts< ined (%) Examined (%) Examined (%) value
<1 year age 11/44 25 8/38 21.05 12/52 23.07 31/134 23.132 0.05
1-2 years age 9/44 20.45 6/42 14.28 8/36 22.22 23/122 18.85%
>2-3years age 2/32 6.25 4/20 10 6/32 18.75 12/104 11.53°

b.¢. 3> mean values carrying same superscript within the row are differ non-significantly (P>0.05) whereas with different superscripts
are differ significantly at (P< 0.05).
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Table 4.5: Sex wise percent prevalence of cryptosporidiosis in Sheep in three selected districts of Southern KPK

Results

Factors District Bannu District Lakki Marwat District Kohat Overall
Infected / Total | Prevalence Infected /Total | Prevalence Infected/  Total | Prevalence Infected/  Total | Prevalence P-value
Examined (%) Examined (%) Examined (%) Examined (%)
Male 6/36 18.75 4/28 14.28 6/30 20 16//94 17.022 0.689
Female 16/84 19.04 14/92 15.21 20/90 22.22 50/266 18.802

4 b mean values carrying same superscript su
differ significantly at (P< 0.05).

ACADEMIC SOLUTIONS
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Figure 4.2:  Season wise percent prevalence of cryptosporidiosis in Sheep in three
selected districts of southern KPK.
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4.3: Prevalence of cryptosporidiosis in Goats

The Cryptosporidium oocysts were identified on the basis of microscopic characters for
the purpose to find out the percent prevalence of the Cryptosporidial infection in goats for a
period of one year in three selected zones of the southern KPK. As a result, the highest overall
percent prevalence was 12.22%, recorded in three selected zones. The highest percent prevalence
was recorded in District Kohat (18.33%) followed by District Lakki Marwat (11.66%) while the
lowest prevalence was observed in District Bannu (6.66%). Results of percent prevalence in
Goats are presented in table (4.5). On the basis of statistical analysis, significant difference

(P<0.05) was observed i valence in three selected areas.

yptosporidiosis in Goats

alence of cryptosporidiosis was recorded in the

.33%), June (20%), May (16.66%), March and

3.33%), April and&@W@E”M I@afﬁ@‘lﬁ@%l@ N S

owest zero percent prevalence was recorded In the month of December.

The highest dig i ent prevalence was recorded in the area of District Kohat
(18.33%), followed by Marwat (11.66%) while the lowest percent prevalence was
recorded in Bannu (6.66%). On the basis of statistical analysis, overall non- significant
(P>0.056) difference was recorded in twelve months of the year.

Results of percent prevalence in goats during various months of the year have been

presented in table (4.6) and the difference between different months has been shown by figure

(4.5).
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4.3.2 . Season wise percent prevalence of cryptosporidiosis in Goats

In the present study, the Overall highest percent prevalence of cryptosporidiosis was
recorded in the summer season (20.83%), followed by spring (13.33%), autumn (11.66%) while
the lowest prevalence percentage was recorded in winter season (3.33%). In the winter season,
the highest percent prevalence of cryptosporidiosis was observed in District Lakki Marwat and
Kohat (5%) while the lowest (0%) prevalence was observed in District Bannu.

In the spring season, the highest percent prevalence was recorded in Kohat (20%)
followed by Bannu and Lakki Marwat (10%). In summer season, the highest percent prevalence

was observed in District t (30%) followed by Lakki Marwat (17.5%) and District

Bannu(15%).1 nt prevalence was recorded in District Kohat(20%) ,
0%)
ifference (P>0.102) was recorded in percent

the Cryptospor A’C‘ A‘DEM I C°f§ O UTTG N S

al analysis, Significant difference (P<0.05) was _recorded_in percent prevalence of the

yptosporidium infecfieq in and summer season while non significant difference
aatumn season. Results of seasonal percent prevalence in
goats have been presented in table (4.7) while the difference has been shown by figure (4.6).
4.3.3: Age wise percent prevalence of cryptosporidiosis in Goats

Overall, the highest percent prevalence of cryptosporidiosis was recorded at the age of <I
year (18.58%) followed by 1-2 years (10.20%) while the lowest at the age of >2-3 years (5.95%).
At the age of <lyear, the highest percent prevalence was observed in District Kohat (22.22%),

followed by Lakki Marwat (16.07%) while the lowest in District Bannu ((14.28%). Similarly at

the age of <1 and >2 years, the highest percent prevalence was recorded in District Kohat
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(14.28%), followed by District Lakki Marwat (7.89%) while the lowest (6.25%) in District
Bannu. At the age of >2-3 years, the highest percent prevalence was recorded in District Kohat
(10%), followed by Lakki Marwat (7.69%) while the lowest (2.5%) in District Bannu.

On the basis of statistical analysis by using chi square test, overall significance difference
(P<0.041) was recorded in different age groups of the goats. Significant difference (P<0.05) was
recorded between < 1 year and 1-2 years of age while nonsignificant difference (P>0.05) was
recorded at the age of 1-2 years. All the results calculated on the basis of age factor have been
presented in table (4.8) while the difference between different age groups of the goats has been

presented by figure (4.7).

4.3.4: Sex wis osporidiosis in goats
ighest percent prevalence was recorded in male
basis of statistical analysis by using chi square

. TACKDEMIC SOLUTIONS

poridiosis in male and female as presented in
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Table 4.6: Month  wise (January-December, 2016) percent prevalence of
cryptosporidiosis in Goats in three selected districts of southern KPK

Factor District Bannu District Lakki Marwat District Kohat Overall

Infected/ | Prevalence | Infected/Total | Prevalence | Infected/ | Prevalence | Infected/ | Prevalence

Total (%) Examined (%) Total (%) Total (%) P-Value

Examined Examined Examined
January 0/10 00 1/10 10 0/10 00 1/30 3.33d 0.056
February 0/10 00 1/10 10 0/10 00 1/30 3.33d
March 1/10 10 2/10 20 0/10 00 3/30 13.330cd
April 1/10 10 1/10 10 1/10 10 3/30 10pbcd
May 2/10 20 1/10 10 2/10 20 5/30 16.6620cd
June 0/10 00 2/10 20 4/10 40 6/30 2(Qabe
July 2/10 20 1/10 10 4/10 40 7/30 23.33%®
August 2/10 30 4/10 40 9/30 302
September 0/ 20 2/10 20 4/30 13.33bcd
October 00 1/10 10 1/30 3.33cd

3/10 3/30 10bcd

Abcabed, beded mean values carrying-Same-SHperserHpi=withimtie=fow=are=giffor-Ron
ificantly (P>0.05) whereas wigh=djfferent superscripts are differ significantly at (P< 0.05).
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Table 4.7: Season wise percent prevalence of cryptosporidiosis in Goats in three selected
districts of Southern KPK
Factors District Bannu District Lakki District Kohat Overall Prevalence
Marwat
Infected / | Prevalence Infected/ | Prevalence Infected/ | Prevalence | Infected/ | Prevalenc
Total (%) Total (%) Total (%) Total e P-

Examined Examined Examined Examined (%) Value
Winter 0/40 00 2/40 5 2/40 5 4/120 3.33° 0.102
Spring 2/20 10 2/20 10 4/20 20 8/60 13.33%
Summer 6/40 15 7140 175 12/40 30 25/120 20.83?
Autumn 0/20 00 3/20 15 4/20 20 7160 11.66%
Total 8/120 14/120 22/120 44/360

b.c:8bmean values carryi
whereas with diff

Table

se percent
ted districts of Sout

rscrlpt within the row are differ non-significantly (P>0.05)
er significantly at (P< 0.05).

of cryptosporidiosis in goats reared in three

ct Bannu ggAEEMI@ ‘s ralce : @ N~
Infected/ | Prevalence | Infected/ | Prevalence | Infected/ | Prevalence | Infected/ | Prevalence
Total (% T (%) Total (%) Total (%) P-Value
Examined Examingd Examined Examined
<1 year |-4/28 14, 9/ |16.07 16/72 22.22 29/156 18.58? 0.041
age M\‘Jz }
1-2 3/32 6.25 3/38 7.89 4/28 14.28 10/98 10.20°
years
age
>2-3 1/40 25 2/26 7.69 2/20 10 5/84 5.95P
years

b mean values carrying same superscript within the row are differ non-significantly (P>0.05)
whereas with different superscripts are differ significantly at (P< 0.05).
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Table 4.9: Sex wise percent prevalence of cryptosporidiosis in Goats in three selected
districts of Southern KPK
Factors District Bannu District Lakki District Kohat Overall
Marwat
Infected/ | Prevalence Infected/ Prevalence Infected/ | Prevalence | Infected/ Prevalence
Total (%) Total (%) Total (%) Total (%) P-

Examined Examined Examined Value
Male 5/40 12.5 4/40 10 7/50 14 16/130 12.302 0.944
Female 3/80 3.75 10/80 12.5 15/70 21.42 28/230 12.172

&b mean values carrying same superscript within the row are differ non-significantly (P>0.05)

whereas with different superscripts are differ significantly at (P< 0.05).

ACADEMIC SOLUTIONS
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Figure 4.6:  Season wise percent prevalence of cryptosporidiosis in Goats in three
selected districts of Southern KPK.
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4.4: Prevalence of cryptosporidiosis in Lambs

In the present study, the overall highest percent prevalence of Cryptosporidium infection
was 27.22% observed in lambs in three selected zones of Southern KPK. The highest percent
prevalence was recorded in District Kohat(33.33%), followed by District Lakki Marwat(25%)
while the lowest percent prevalence was recorded in District Bannu(23.3%). On the basis of
statistical analysis of the data, overall there was non-significant difference (P>0.057) was
recorded in three selected zones for study.
4.4.1: Month wise percent prevalence of cryptosporidiosis in Lambs

In the current stud verall highest percent prevalence was recorded in the month of

August (46.6% f the year such as July (40%), April, May and June
rch (23.33%), November and January (20%) while

evalence was re month of February and December (16.66%).

e KR DERICSOTUTIONS

ob d in August with other months _(January, February, September, October, November and

ificant difference was recorded with March, April, May,
June and icance difference (P>0.05) was recorded in the month of
January, February, November and December. All results for monthly percent prevalence of
cryptosporidiosis have been presented in table (4.10) and figure (4.9).
4.4.2 : Season wise percent prevalence of cryptosporidiosis in Lambs

In the present study, the overall highest percent prevalence of Cryptosporidial infection

was recorded in the summer season (36.66%), followed by spring/autumn (26.66%) while the

lowest percent prevalence was recorded in the month of winter season(18.33%). In the winter
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season, the highest percent prevalence was recorded in District Lakki Marwat and Kohat ((20%)
while the lowest percent prevalence (15%) was recorded in District Bannu.

On the basis of statistical analysis, overall there was non-significant difference (P>0.102)
was observed in season wise percent prevalence of cryptosporidiosis in three selected zones.
Statistically, significance difference (P<0.05) was reported in percent prevalence of the
Cryptosporidium infection in summer and winter season while non-significance difference
(P>0.05) was recorded in spring and autumn season.

Results for difference in seasonal percent prevalence are presented in table (4.11) and

figure (4.10).

4.4.3: Age wis tosporidiosis in Lambs
st percent prevalence was recorded at the age of
6-30 days (29.41%) while the lowest percent

oo KERDEMIC SOLUTIONS

On the basis of statistical analysis, overall sign recorded

diosis in different age groups of lambs in three selected

areas. Statisticaty-sieM¢ sicrence (P<0.05) was observed at the age of (<1-15 days) and
(> 31-60 days) while non-significant difference was observed between the two age group (<1-15
days and 16-30 days age).

Results of percent prevalence of Cryptosporidiosis in relation to age of the lambs have
been presented in table (4.12) while the difference among different age groups of lambs is shown

in a figure (4.11).
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4.4.4 : Sex wise percent prevalence of cryptosporidiosis in lambs

In the present study, the percent prevalence of Cryptosporidium infection was also
studied at gender level in lambs and as a result the highest percent prevalence was recorded in
female (31.18%) while the lowest percent prevalence was recorded in male (22.98%). On the

basis of district wise percent prevalence ratio, in male and female, it was 21.42%(M):25%(F),

24.13%(M):25.80%(F) and 28.33%(M):38.33%(F) recorded in District Bannu, Lakki Marwat

and Kohat respectively.
On the basis of statistical analysis, non- significant difference (P>0.249) was recorded in both

sexes. All results about perce evalence of cryptosporidiosis in relation to sex of the lambs are

presented in ta

ACADEMIC SOLUTIONS
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Table.4.10: Month wise (Jan- Dec. 2016) percent prevalence of cryptosporidiosis in
Lambs in three selected districts of Southern KPK.

Factor District Bannu District Lakki Marwat District Kohat Overall
Infected/ | Prevalence | Infected/Total | Prevalence | Infected/ | Prevalence | Infected/ Prevalence
Total (%) Examined (%) Total (%) Total (%) P-
Examined Examined Examined Value
January 2/10 20 1/10 10 3/10 30 6/30 20° 0.057
February 1/10 10 3/10 30 1/10 10 5/30 16.66°¢
March 2/10 20 3/10 30 2/10 20 7130 23.33¢
April 2/10 20 3/10 30 4/10 40 9/30 302bc
May 3/10 30 1/10 10 5/10 50 9/30 30abc
June 3/10 30 3/10 30 3/10 30 9/30 303bc
July 4/10 40 5/10 50 12/30 402
50 5/10 50 14/30 46.662
4/10 40 8/30 26.6P¢
4/10 40 8/30 26.6P¢
1/10 10 6/30 20°

28/120

27.22%

400120

{ng same superscript within the row are differ non-
ferent superscripts are differ significantly at (P< 0.05).
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Table 4.11:  Season wise percent prevalence of cryptosporidiosis in Lambs reared in three
selected districts of Southern KPK

Factors District Bannu District Lakki District Kohat Overall Prevalence
Marwat
Infected / | Prevalence | Infected/ | Prevalence | Infected/ | Prevalence | Infected/ | Prevalence
Total (%) Total (%) Total (%) Total (%) P-

Examined Examined Examined Examined value
Winter 6/40 15 8/40 20 8/40 20 22/120 18.33° 0.102
Spring 4/20 20 6/20 30 6/20 30 16/60 26.66%
Summer 14/40 35 12/40 30 18/40 45 44/120 36.66°
Autumn 4/20 20 4/20 20 8/20 40 16/60 26.66%
Total 28/120 23.33 30/120 25 40/120 33.33 98/360 27.22%

e superscript within the row are differ non-significantly
ipts are differ significantly at (P< 0.05).

3, b, ¢ ab megn values carr i
(P>0 05) whereas

Table of cryptosporidiosis in Lambs reared in three

ed districts of

trict Bannu IGU’ICI Lakki é strlcéoheg é Overall
LUTIONS

Infected/ | Prevalence | Infected/ | Prevalence. lafected/ L Prevalence |
Total (%) (%) Total (%) Total (%) P-
Examined m Examined Examined value

<1-15 M_J@_ - 35 18/44 40.90 49/126 38.88: | 0.011

days

16-30 7132 21.87 10/34 29.41 12/36 33.33 29/102 28.432

days

>31-60 4/46 8.69 6/46 13.04 10/40 25 20/132 15.15°

days

Total 28/120 30/120 40/120 98/360

&b mean values carrying same superscript within the row are differ non-significantly (P>0.05)

whereas with different superscripts are differ significantly at (P< 0.05).
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Table 4.13:  Sex wise percent prevalence of cryptosporidiosis in Lambs reared in three
selected districts of Southern KPK.
Factors District Bannu District Lakki District Kohat Overall
Marwat
Infected/ | Prevalence Infected/ Prevalence Infected/ | Prevalence | Infected/ | Prevalence
Total (%) Total (%) Total (%) Total (%) P-

Examined Examined Examined Examined value
Male 12/56 21.42% 12/58 24.13% 17/60 28.33% 40/174 22.982 0.249
Female 16/64 25% 18/62 25.80% 23/60 38.33% 52/186 31.182
Total 28/120 30/120 40/120 98/360

&b mean values carrying same superscript within the row are differ non-significantly (P>0.05)

whereas with different superscripts are differ significantly at (P< 0.05).

ACADEMIC SOLUTIONS
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Figure 4.10: Season wise percent prevalence of cryptosporidiosis in Lambs in three selected
districts of Southern KPK.
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Figure 4.12: Sex wise percent prevalence of cryptosporidiosis in lambs reared in three

different selected districts of Southern KPK.
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4.5: Percent Prevalence of cryptosporidiosis in Kids

In the present study, an overall percent prevalence of cryptosporidiosis was studied and
as a result 20.55% prevalence was recorded in three selected zones of southern KPK. The highest
percent prevalence of the Cryptosporidium infection was recorded in the District Kohat (23.33%)
followed by District Bannu (20%) while the lowest percent prevalence was recorded in District
Lakki Marwat (18.33%) and statistically significant difference (P< 0.028) was recorded in
different months of the year.

4.5.1: Month wise percent prevalence of cryptosporidiosis in kids

Data were analyzed on monthly basis to determine which month of the year had the

highest percent idium infection in kids. The highest percent
ust (36.66%) followed by May (30%), June, July
20%), March (16.66%), November (13.3%),

T ACKDEMIC SOLUTIONS

y (6.66%).

sis, there was significance difference (P<0.05) was

and December. Similarly statistically non-significant
difference (P>0.05) was recorded in April, May, June, July, October, November and December
All results of monthly prevalence have been shown in table (4.14) and curves showing high or
low monthly prevalence as figure (4.13).
4.5.2 : Season wise percent prevalence of cryptosporidiosis in kids

The highest season wise percent prevalence of Cryptosporidium infection was recorded
in the summer season (30.83%), followed by autumn and spring season (21.66%) while the
lowest percent prevalence was observed in the winter season (9.16%). On the basis of statistical

analysis, significant difference (P<0.0045) was recorded in percent prevalence of
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Cryptosporidium infection in different seasons of the year. Different results for seasonal percent
prevalence of Cryptosporidium infection in kids have been presented in table (4.15) and as a
figure (4.14).
4.5.3: Age wise percent prevalence of cryptosporidiosis in Kids

Different results about percent prevalence of cryptosporidiosis were recorded on the basis
of age factor presented in table (4.16).In the present study, the highest percent prevalence was
observed at the age of <1-15 days(33.92%), followed at the age of 16-30 days(17.69%) while the
lowest percent prevalence was, recorded at the age of 31-60 days and above(15.25%). On the

basis of statistical analysis all significant difference (P<0.0045) was recorded in three

groups of diffe age wise percent prevalence of cryptosporidiosis in

he difference in three different age groups has been

percent prevaleKleCcKtBo i Wnlt Q UT I O N S
he highest percent prevalence was recorded in females (%98/0) Ifo-howed by male

.19%). On statistical a

significant difference (P >0.229) was observed in female

and male kie alence of cryptosporidiosis in relation to sex of the kids

have been presented in table (4.17) and as a figure (4.16).
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Table 4.14: Month wise (Jan-Dec. 2016) percent prevalence of cryptosporidiosis in Kids
in three selected districts of Southern KPK
Factor District Bannu District Lakki Marwat District Kohat Overall
Infected/ Prevalence Infected/ Prevalence Infected/ Prevalence Infected/ Prevalence P-
Total (%) Total (%) Total (%) Total (%) Value
Examined Examined Examined Examined
January 0/10 00 0/10 00 2/10 20 2/30 6.66¢ 0.028
February 2/10 20 0/10 00 0/10 00 2/30 6.66¢
March 1/10 10 3/10 30 1/10 10 5/30 16.66b¢
April 3/10 30 1/10 10 3/10 30 7/30 23abed
May 4/10 40 2/10 20 3/10 30 9/30 3020
June 2/10 30 3/10 30 8/30 26.6630°
July 3/1 40 1/10 10 8/30 26.66 ¢
30 5/10 50 11/30 36.66 a
20 3/10 30 6/30 20abed
20 3/10 30 8/30 26.6630c

/1Y

4V

“/oU

24/120

211U
P
(22?0

18.33%

28/120

23.33%

74/360

20.55%

a, ab, abc, a

cd, d

val

g same superscript within the row are differ non-

significantly (P>0.05) whereas with different superscripts are differ significantly at (P< 0.05).
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Table 4.15:  Season wise percent prevalence of cryptosporidiosis in Kids in three selected
districts of Southern KPK
Factors District Bannu District Lakki District Kohat Overall Prevalence
Marwat
Infected / | Prevalence | Infected/ | Prevalence | Infected/ | Prevalence | Infected/ | Prevalence
Total (%) Total (%) Total (%) Total (%) P-
Examined Examined Examined Examined value
Winter 3/40 7.5 2/40 5 6/40 15 11/120 9.162 0.0045
Spring 5/20 25 4/20 20 4/20 20 13/60 21.66°
Summer 12/40 30 13/40 32.5 12/40 30 37/120 30.83°
Autumn 4/20 20 3/20 15 6/20 30 13/60 21.66°
Total 24/120 22/120 28/120 74/360
&b mean values carryj ript within the row are differ non-significantly (P>0.05)
whereas with significantly at (P< 0.05).
ise percent pr cryptosporidiosis in Kids in three selected
tricts of Southern KPK.
istrict Bannu M i at ra
Marwat
Infected/ Prevalence Infg€ie Prevalence Infected/ Prevalence | Infected/ Prevalence
Total @ Toal %) Total %) Total %) P-value
| Exarmined_| E Examined Examined
<1-15 12/36 33.33 10/32 31.25 16/44 36.36 38/112 | 33.922 0.0001
days
16-30 9/52 17.30 7142 16.66 7/36 19.44 23/130 | 17.69°
days
>31-60 | 3/32 9.37 5/46 10.86 5/40 15 18/118 | 15.25¢
days
Total 24/120 22/120 28/120 74/360

a b ¢ 3 mean values carrying same superscript within the row are differ non-significantly

(P>0.05) whereas with different superscripts are differ significantly at (P< 0.05).
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Table 4.17: Sex wise percent prevalence of cryptosporidiosis in Kids in three selected
districts of Southern KPK

Factors District Bannu District Lakki District Kohat Overall
Marwat
Infected/ | Prevalence Infected/ Prevalence | Infected/ | Prevalence | Infected/ Prevalence
Total (%) Total (%) Total (%) Total (%) P-
Examined Examined Examined Examined Value
Male 12/64 18.75 10/64 15.62 16/70 22.85 38/198 19.192
Female 12/56 21.42 12/56 21.42 12/50 24 34/162 20.982 0.229

&b mean values carrying same superscript within the row are differ non-significantly (P>0.05) whereas

with different superscripts are differ significantly at (P< 0.05).

ACADEMIC SOLUTIONS
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Figure 4.14: Season wise percent prevalence of cryptosporidiosis in kids in three selected
districts of Southern KPK.

87



Results

40
P
R
E
v
A ® 1-15 DAYS
L M 16-30 DAYS
E m 31-60 DAYS
N
C
E
District Bannu akki Marwat  District Kohat Overall
Figure 4.15: ce of cryptosporidiosis in Kids in three selected

B MALE
W FEMALE

District Bannu District Lakki Marwat District Kohat Overall

Figure 4.16: Sex wise percent prevalence of cryptosporidiosis in Kids in three selected
districts of Southern KPK

88




Results

4.6: Molecular detection of Cryptosporidium infection

Fecal samples were collected from sheep, and were analyzed through simple
conventional method for diagnosis of Cryptosporidium infection. After conventional method, the
samples were reconfirmed through a highly sensitive molecular technique known as PCR for
detection of Cryptosporidium infection. DNA extraction kit was used to isolate the DNA from
Cryptosporidium oocyst. Polymerase chain reaction (PCR) was practically applied for detection
of Cryptosporidium DNA then genus specific primers were used.

The amplified targeted nucleic acid was revealed at 435 base pairs (bp) of DNA band. A

specific DNA band h as a plate (4.1) The most common genes werel8S rRNA

where 99% si ween different species of the Cryptosporidium and

tection of Cryptosporidium (Xiao et al.1999).

total study period, 360 S

o ACADEMICSOLUTIONS

all molecular percent prevalence

rcent prevalence wa @ @

while the lowest molecul?

s of sheep were analyzed through simple PCR

istrict Kohat(31.66%), followed by District Bannu (25%)
Ent prevalence was recorded in District Lakki Marwat(18.33%).
Different results in relation to different districts about season, sex and age of sheep’s are
presented in table (4.18). Bar presentation for molecular percent prevalence of cryptosporidiosis
in sheep’s, in relation to selected areas, season, sex and age are presented as figures (4.17, 4.18,

4.19 and 4.20 respectively).
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Table 4.18: Molecular and Microscopic percent prevalence of cryptosporidiosis in
relation to area, season, sex and age in sheep in three selected districts of
Southern KPK Pakistan.

Factors NO. Of Positive Samples/ | Molecular | Microscopic
Total No of Samples (%) (%) P-
Examined by PCR prevalence | prevalence | value
Area wise Bannu 30/120 25 18.33 0.187
prevalence | Lakki Marwat 22/120 18.33 15
Kohat 38/120 31.66 21.66
Season Winter 16/120 13.33 8.33 0.268
wise Spring 16/60 26.66 18.33
prevalence 40/120 33.33 27.5
30 20
25.53 17.02 0.019
27.08 18.80
Age year of age 40/134 29.85 23.13 0.264
vasoie AC ADEMICZSOEUTIONS
>2-3 years of 18/104 1230 1153
o 1O

— Q5
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Figure 4.17: Mole lence of cryptosporidiosis in sheep in three selected

Winter Spring Summer Autumn

PCR

Figure 4.18: Season wise molecular percent prevalence of cryptosporidiosis in sheep
(January- 2016 to December- 2016) in three selected districts of Southern
KPK.
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Figure 4.19: Se r a0t prevalence of cryptosporidiosis in sheep in three
ot Beh KPK.
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Figure 4.20: Age wise molecular percent prevalence of cryptosporidiosis in Sheep in three
selected districts of Southern KPK.
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600bp

435 bp

400bp

300bp

200bp

100bp

pattern of PCR amplicons of Cryptosporidium

In the presendy, -@

determihred by technique) was higher (24.99%) than simple microscopic
morphological identification (14.99%) in three districts of Southern KPK.

In the current study, the efficiency of PCR and simple microscopic techniques were
compared to find the percent efficacy. As a result, the highest percent efficacy was reported by
PCR (25%) followed by simple microscopic examination (18.33%) in detection of
Cryptosporidium infection in District Bannu. In District Lakki Marwat, the highest percent
prevalence was detected by PCR (18.33%) while the lowest percent prevalence (15%) was

determined by simple microscopic examination. Similarly, in District Kohat, the highest percent
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prevalence was detected by PCR (31.66%) while the lowest percent prevalence (21.66%) was
determined by simple microscopic examination. On the basis of statistical analysis, non-
significant difference (P>0.187) was recorded in sensitivity of two diagnostic tools (simple
microscopy and PCR) for detection of Cryptosporidium infection.

Similarly, season wise percent prevalence of Cryptosporidium infection was also
determined by simple microscopic examination and PCR where the highest percent prevalence
was determined by PCR than simple microscopic examination. In the winter season, the highest
percent prevalence (13.13%) was detected by PCR while the lowest percent prevalence (8.33%)

was determined by simple mi opic examination.

In spring seas cent prevalence was determined by PCR (26.66%)
.33%) was determined by simple microscopic

mer season, th lecular percent prevalence was detected by PCR

e KCKDEMIC SOTUTIONS

ex ation. In autumn season, the highest molecular percent prevalence (30%) was detected

PCR while the lovyes Q evalence (20%) was determined by simple microscopic

examinatio: analysis, non- significant (P>0.268) difference was

observed.

In the present study gender wise molecular study was also conducted where the highest
molecular percent prevalence was determined in male (25.53%) by using PCR technique than
simple microscopic examination (17.02%) while in female, the highest molecular percent
prevalence was determined by PCR (27.08%) than simple microscopic examination (18.80%).
On the basis of statistical analysis, significant difference (P<0.019) was observed in sensitivity of

both diagnostic techniques.

94



Results

In the present study, age wise molecular percent prevalence was also determined by PCR
and simple microscopic examination. The highest molecular percent prevalence was determined
through PCR than simple microscopic examination. At the age of <I year, the highest molecular
percent (29.85%) prevalence was determined by PCR while the lowest percent prevalence
(23.13%) was determined through simple microscopic examination.

At the age of 1-2 years and > 2-3 years, the highest molecular percent prevalence (26.22% and
17.30%) prevalence was determined through PCR while the lowest percent prevalence (18.85%
and 11.53%) was determined by simple microscopic examination. On the basis of statistical

analysis, non-significant dif ce (P>0.264) was observed in sensitivity of two diagnostic

techniques ind ection in sheep.
icroscopy and PCR for identification of the
cysts in fecal sa

impe ool VT e D Il TN S

small ruminants (N=-366)-

p has been presented in table (4.18 and 4.19).

o

Parameters Microscopic PCR P —value
\_QLZMP revalence (%) Prevalence
Area wise( overall) 18.332 25.172 0.187
Season wise( overall) 18.54% 25.78% 0.268
Sex wise( overall) 17.91° 26.30? 0.019
Age wise( overall) 17.89°2 24.452 0.264

& b mean values carrying same superscript within the row are differ non-significantly (P>0.05)

whereas with different superscripts are differ significantly at (P< 0.05).
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4.8: Relationship between prevalence of cryptosporidiosis and Meteorological factors

In District Bannu, maximum mean average temperature was 32.49°C, while the lowest
mean average temperature was 9.78°C. Similarly in District Lakki Marwat, the maximum mean
average temperature was 31.94°C while the lowest mean average temperature was 12.45°C.In
District Kohat, the maximum mean average temperature was 32°C while the lowest recorded
minimum temperature was 11°C. On daily basis, the maximum and minimum temperature was
recorded and their averages were calculated on monthly basis. In District Bannu, the mean
highest relative humidity was 69.01% during the month of July while the lowest humidity was

38.3%, recorded during the of May, 2016.0n daily basis, relative humidity was recorded

at the time of alculates the monthly averages. The metrological
District Lakki Marwat, the mean highest relative

% during the

ed during the m hCJK ﬁ E‘W IaCforSU LUTI 6 NS

In District Kohat, the mean highest r ring the

ugust while the lowest relative humidity was

ative humidity was 43% recorded during the month of May,
arepresented in table (4.22).

In District Bannu, overall highest (171mm) rainfall was recorded in the month of August
while the lowest (0 mm) in the month of October. The meteorological information is available in
table (4.20).In District Lakki Marwat, the overall highest (169mm) rainfall was recorded in the
month of August while the lowest (0 mm) in the month of November and the metrological
information is presented in table (4.21).In District Kohat, overall highest (182.3 mm) rainfall was
reported in the month of August while the lowest (4.3mm) rainfall was recorded during the

month of November. Overall the highest percent prevalence of cryptosporidiosis in sheep, Goats,
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lambs, and kids was 36.66%, 26.6%, 46.6%, and 33.33% respectively recorded during in the
month of August in three districts of Southern KPK. Similarly, the highest rainfall and humidity
was recorded in the month of August in three districts of Southern KPK where maximum
prevalence of cryptosporidiosis was recorded in small ruminants. It was concluded that high
temperature, relative humidity and heavy rainfall play an important role in heavy infestation of
endoparasites in domestic animals.

Table 4.20: Mean month wise temperature, humidity and rain fall in District Bannu
during the month of January, 2016 to December, 2016.

Months Temperature(C°) Relative Humidity (%) Rainfall
Minimum | Maximum | Mean | Morning | Evening | Mean (mm)

January 9.78 | 7247 45.22 | 58.84 13
February 70.29 49.13 | 59.71 8.6
65.18 38.37 | 51.77 41.2
52.34 33.9 | 43.12 19.7
AGADREMIC-S@LUEIONS
22.30 40,22 73.36 52.27 | 62.81 36.3
P
ly 13 869 |3236| 76.34 61.39 | 69.01 166.4
August 26.15 38,59 3243 | 77.12 67.22 | 72.17 171
September 23.20 36.56 |29.88 | 75.43 58.29 | 66.96 31.3
October 16.44 31.37 | 2390 | 66.62 71.33 | 68.97 00
November 10..38 26.6 18.49 | 79.6 55.43 | 67.51 6
December 2.55 18.48 10.51 | 80.33 51.22 | 65.75 5
Mean 15.89 30.07 |22.98 | 69.61 51.16 | 60.45 43.40
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Table 4.21: Mean month wise temperature, humidity and rain fall in Lakki Marwat from
January to December, 2016.
Months Temperature(c®) Relative Humidity (%6) Rainfall
Minimum | Maximum | Mean | Morning | Evening | Mean (mm)
January 7.14 17.77 | 1245 | 71.42 4424 | 57.83 14.3
February 9.54 20.35 | 1494 | 69.33 47.22 | 58.27 9.1
March 13.17 24.83 19 66.12 36.41 | 51.26 44
April 22.52 3260 |27.56| 50.32 32.88 | 41.6 18.3
May 25.10 36.15 |30.62| 47.31 29.84 | 38.57 25.3
2 74.41 51.29 | 62.85 39.2
78.34 60.32 | 69.33 163.2
78.11 67.32 | 72.71 169.1
74.83 57.55 | 66.19 33.2

NgWEmber 8043 | 67.45 00
cember @ ) 1431 | 81.43 | 50.34 | 65.88 6.2
. L
Mean 1898=="2921 |24.08| 69.97 | 50.19 | 60.08 43.94

General Metrological information about District Kohat

The Kohat region is mainly composed of hilly areas and the average height above sea

level ranges from 4900 ft (1500m). The climatic conditions of Kohat and its surroundings areas

are hot from the month of May to September. The mean (max and min) temperature observed

during the month of June is about 40° C and 28° C respectively. The winter season is cold. The

mean (max and min) temperature recorded during the month of January is 17° C and 6° C

respectively. The heavy rainfall is received all over the year with an average about 114mm.
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During the month of August and December (summer and winter season) maximum humidity was
recorded all over the year. The metrological data of District Kohat has been presented in a table

(4.22).

Table 4.22: Mean month wise temperature, humidity and rain fall in Kohat during
January, 2016 to December, 2016.

Months Temperature(CO0) Relative Humidity (%) Rainfall
Minimum | Maximum | Mean | Morning | Evening | Mean (mm)
January 6 16 11 58 51 545 26
February 8 18 13 60 50 55 22.7
March 13 22 17.5 65 47 56 58.4
April 19 28 23.5 58 42 50 28.9
54 32 43 27
58 38 48 42.7
75 47 62 179
27 3 76 54 65 182.3
24 32 28 74 52 63 17.9
7 A ADEMIG SOLUTIONS
11 22 165 71 29 (o] 1.3
—
h ( 17) 115 80 50 65 8.3
__AUE/ 22.33| 67.08 47.66 | 57.45 50.6(mm)

4.9: Percent Prevalence of Cryptosporidiosis in humans

To determine zoonotic aspect of Cryptosporidiosis, the present study was designed to
find out the prevalence of the Cryptosporidium infection in three selected districts of Southern
KPK as reported by various researchers that Sheep and goats are the main source of reservoirs
for Cryptosporidium infections in humans (Koinari et al. 2014).An outbreak with

Cryptosporidium infection was documented in school children linked and contacted with lamb
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and goat kids (Lange et al. 2014).The Cryptosporidium species have been reported in different
animals such as cattle, sheep, fish, birds and reptiles. There are 79 species of the
Cryptosporidium. Some species can survive in a number of hosts whereas some species are
adopted to host specific. Cryptosporidiosis was reported in 1976 as a first case of humans.
Cryptosporidiosis is often fatal in those individuals suffering from AIDS (Tzipori S et al. 2008)
Study Design and Sampling Strategy

Human stool samples (n=360) suspected for cryptosporidiosis were collected from three
selected districts headquarter hospitals of District Bannu, Lakki Marwat and Kohat during the

month of January to June, 2016.In the present study, collected 20 samples per month per district.

Out of 20 sampl ected from adult patients, suffering from abdominal
disturbance ea, vomiting while 10 samples were collected from
vomiting and abdominal cramps. All the samples
were 10% formalin with a ratio of 2:3. Samples were collected into sterile wide

tic bottles pfopeanG ﬁ@'E’M(I Cref& ‘ L UVT l@ N S

r two weeks. All the sample

centrifugation and examined under microscope at 100X and screened out for the presence of

Cryptosporidium oocysts. This study was just a simple descriptive type of study for the purpose
to find out the frequency of the Cryptosporidium infection in young children and adults in
relation to animals contact and other associated risk factors. All the samples were collected
randomly with the help of simple convenience sampling method from those patients showing
abdominal disturbance (abdominal pain, nausea, and vomiting, acute or persistent diarrhea,

dysentery). The purpose of this study was to determine the percent prevalence of the
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Cryptosporidium infection in children and adults in three selected areas of Southern KPK,
Pakistan. Sampling strategy has been presented in Table (4.23).

Table: 4.23: Experimental sampling plan for collection of Human stools for detection of
Cryptosporidium oocyst during January-June, 2016 from three selected
districts of Southern KPK.

Months District Bannu District Lakki District Kohat Overall
Marwat
Adults | Children’s | Adults | Children’s | Adults | Children’s | Adults | Children’s

January 10 10 10 10 10 10 30 30
February 10 10 10 10 10 10 30 30
March 10 10 10 10 10 10 30 30
April 10 10 10 10 10 10 30 30
May 10 10 10 10 30 30
June 10 10 10 30 30

60 60 60 180 180

t prevalence of CR/PB idiosis in humans

esent study, overall highest percent prevalence of the Crgitos oridium infection
wa orted in children (16 /ﬁA\PbgM lvg t§| esLuO/:l-JeQ[NS

valence was recorded. In Di

Bannu, the highest percent prevalence was recorded in

children{18.33%) wh t prevalence was recorded in adults (5%). In District
Lakki Marwat, the highest percent prevalence was recorded in children (15%) while the lowest
percent prevalence (5%) was recorded in adults while in District Kohat, the highest percent
prevalence was observed in children (16.66%) while the lowest percent prevalence was recorded
in adults (3.33%) .On the basis of Statistical analysis, significant difference (P<0.000) was
recorded in overall percent prevalence of cryptosporidiosis in adults and children and represented

by table (4.24). In humans, C.oocyst has been shown on a slide and provided in form of plate

(4.2).
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Plate 4.2: Cryptosporidium Oocysts stained by MZN (Modified Ziehl Neelsen acid Fast
stain) met er of 400X magnification.

4.9.2: Age wi tosporidiosis in children

tosporidiosis in relation to age of children are

groups of different ages. Various results for age wise prevalence of cryptosporidiosis in young

Children have been presented in table (4.25).

4.9.3: Percent prevalence of cryptosporidiosis in relation to animals contact (yes) or not
contact (No) in young children in three districts of Southern KPK.

In the present study, overall the highest percent prevalence(20%) was recorded in those
Children having direct or indirect contact with animals followed by those Children having no

direct or indirect contact with animal where recorded the lowest percent prevalence(12.94%) .
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In District Bannu, the highest percent prevalence was recorded, in those children where
there was direct contact with animals or contaminated area or fecal contact or contaminated
drinking water by animal (20.58%) was recorded while the lowest percent prevalence (15.58%)
was, recorded in all those children’s where there was no direct or indirect contact with animal. In
District Lakki Marwat, the highest percent prevalence (20.68%) was recorded in those children
having direct animals contact while lowest percent prevalence (9.67%) was recorded where no
direct contact was recorded. Similar results were observed in District Kohat where the highest
percent prevalence (18.75%) was recorded in those children where there was direct contact with

animals was recorded and vic sa. On statistical analysis, significant difference (P<0.020) was

recorded betw: jmals contact or not having any animal contact.

Various been presented in table (4.26).

49:4

e present study, OA?‘G'AEE EM&@”C&L"'@JQTO}@ N S

e Children suffering from persistent diarrhea while the lowest percent prevalence (7.69%)

t

s reported in those ¢ g from acute diarrhea. On the basis of statistical analysis,
significant difference (P<U.000) was recorded on the basis of nature of diarrhea (acute or

persistent).
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Table 4.24:  Percent prevalence of cryptosporidiosis in relation to children and adult humans in three selected districts of
Southern KPK.
Factor District Bannu District Lakki Marwat District Kohat Overall Prevalence
Infected/Total Prevalence Infected/Total Prevalence Infected/Total Prevalence Infected/Total Prevalence P-
Examined (%) Examined (%) Examined (%) Examined (%) value
Adults 3/60 5 3/60 5 2/60 3.33 8/180 4.44°
0.000
Childrens 11/60 15 10/60 16.66 30/180 16.662

& b mean values carrying s

ffer non-significantly (P>0.05) whereas with different superscripts are differ

significantly at (P< 0.05).
Table 4.25:  Age t prevalence of Cryptosporidial infection in children and adults in three selected districts of
souty ACADEMIC SOLUTIONS
Factors District Bannu District Lakki Marwat District Kohat Overall
(age) Infected/ Prevale fected/ Total Prevalence Infected/ Prevalence Infected/ Prevalence
Total © Exgmined (%) Total (%) Total (%) P-
Exami Examined Examined value
<0 -5 years 5/23 21. 13 = 5/21 23.80 5/26 19.23 15/70 21.42#8 0.017
6-10 years 3/17 17.64 3/18 16.66 3/17 17.64 9/52 17.30°
>11- 15 years 3/20 15 1/21 4.76 2117 11.76 6/58 10.34°
Total 11/60 9/60 10/60 30/180

b mean values carrying same superscript within the row are differ non-significantly (P>0.05) whereas with different superscripts are differ
significantly at (P< 0.05).
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Table 4.26:  Percent prevalence of cryptosporidiosis in relation to animals contact or not
in childrens in three different districts of Southern KPK

Factors District Bannu District Lakki District Kohat Overall

(H?‘VEI Marwat

gg'nrpaits Infected/ | Prevalence | Infected/ | Prevalence | Infected/ | Prevalence | Infected/ | Prevalence

v Total (%) Total (%) Total (%) Total (%) P-
NSS o' | Examined Examined Examined Examined value
Yes 7134 20.58 6/29 20.68 6/32 18.75 19/95 202 0.020
No 4/26 15.38 3/31 9.67 4/28 14.28 11/85 12.940

Total 11/60 9/60 10/60 30/180

&b mean values carrying same superscript within the row are differ non-significantly (P>0.05) whereas

with different superscripts are differ significantly at (P< 0.05).

sporidiosis in relation to nature of diarrhea in
icts of Southern KPK.

Table 4.2%;

District Lakki District Kohat Overall

T ACKPEMIC SOLUTIONS

Infected/ | Prevalence | Infected/ | Prevalence | Infected/ | Prevalence | Infected/ | Prevalence | P-

Total (%) otal (%) Total (%) Total (%) value
Examined (\Ex ined Examined Examined
.33

Acute  —2/24 | 2%3/35~ | 857 2/32 6.25 7/91 7.69° | 0.000

Persistent 9/36 25 6/25 24 8/28 28.57 23/89 25.842

Total 11/60 9/60 10/60 30/180

&b mean values carrying same superscript within the row are differ non-significantly (P>0.05) whereas
with different superscripts are differ significantly at (P< 0.05).

4.10: Chemotherapeutic trials

To carry out the therapeutic trials, a total of 50 goats of same weight and age naturally

infected with cryptosporidiosis were selected randomly for the present study. All the goats were
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placed under same environmental conditions such as feeding, handling, management and
behavior. All the goats were randomly divided in to five groups ( A, B, C, D and E). Animals in
groups A, B, C and D were treated with Azithromycin, Metronidazole, Herbal drug i.e. Allium
sativum (garlic), and Paromomycin respectively while Group-E was placed as a positive control
group. All the four groups such as s A, B, C, and D were treated with different drugs doses such
as Azithromycin at dose rate of 10 mg per Kg body weight, Metronidazole at dose rate of 50 mg
per kg body weight, extract of garlic at the dose rate of 50 mg / kg body weight and
Paromomycin at the dose rate of 100mg/kg body weight. The OPG was counted for all groups at

day 0, 7, 14, 21 and 28.The therapeutic protocol has been presented in a table (4.28).

Table. 4.28: e ith groups of animals, drugs, doses and time for

inistration and OPG counting
Administration(PO)

OPG
counting

AC
Azithromycin ~ Je=ly

Metronidazole 50 mg/ Kg body | 5 consecutive days At day 0,7,
~ { \ weight 14,21, 28
Allium ftivu}n(gay j\lgmg/ kg body | 5 consecutive days At day 0.7,
T eight 14,21, 28
Group D Paromomycim— 100mg/ kg body | 5 consecutive days At day 0,7,
weight 14, 21, 28
Group E| NA NA NA NA
(control Positive
group)

The efficacy of different selected drugs was evaluated on the basis of reduction in OPG (oocyst
per gram) after treatment in relation to time. The means of reduction in oocysts of treated groups

and control groups were compared with each other.

4.10.1: Azithromycin
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Azithromycin was used at the dose rate of 10 mg/kg body weight. Results for percent
efficacy of Azithromycin were evaluated on the basis of reduction in oocyst per gram of feces
against Cryptosporidium infection in naturally infected goats. The different selected drugs with
doses in relation to time have shown in table (4.28) while percent efficacy of different drugs has
shown in table (4.32). In positive control group (Untreated group) showed an increase trend in
OPG count. The percent efficacy of Azithromycin was 13.90%, 29.07%, 44.87% and 59.29% on
71 14th, 21th and 28™ day post treatment. Statistically, significance difference (P<0.000)was
recorded in reduction of OPG by Paromomycin, followed by Metronidazole, Allium sativum

while the poor effj ithromycin as presented by table(4.29).Statistically |,

overall signi recorded in reduction of OPG at different days,

ACADEMIC SOLUTIONS

etronidazole was used at the dose r [ _same

ally infected with Cryptosporidium infection. The percent

efficacy of Metronidazele 6, 46.70%, 68.14%, and 78.20% in reduction of oocysts per
gram at days 7", 14th, 21th and 28th, respectively (table 4.30). Metronidazole showed better
results in reduction of OPG than Azithromycin and Allium sativum but poor than Paromomycin.
Statistically significant difference was observed with Azithromycin while nonsignificant
difference (P>0.05) was recorded with Allium sativum as presented by table (4.29). Similarly,
statistically significant difference (P<0.000) was observed in reduction of OPG at day 0, 7, 14,

21 and 28 (table.4.31).
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4.10.3 : Allium Sativum (garlic)

During therapeutic trials, Allium sativum was used at dose rate of 50mg/ kg body weight.
A single dose of Allium sativum caused a significant decrease in OPG at 7™" day post treatment
and onward. At the day 7™ post treatment, the percent reduction in OPG was 27.06% recorded.
Similarly percent efficacy of Allium sativum was 49.70%, 62.24%, and 77.00 %, at days 14, 21
and 28 respectively (Table: 4.32). On the basis of statistical analysis, significant (P<0.000)
decrease was recorded at 7", 14" 21th and 28th day post treatment. Allium sativum showed
better results than Azithromycin but poor results than Paromomycin and statistically significant

difference (P<0.00) was obser Allium sativum and Metronidazole showed similar results and

statistically no ")5) was recorded as presented in (Table=4.29). On

the basis jfference (P<0.000) was recorded in reduction of
in table (4.31). Effect of drugs on reduction of

e CRDERIC SOLUTIONS

. Paromomycin

In the present styd cin was used as a single dose of 100mg/kg body weight

ts7in goats and showed significant (P<0.000) decrease in
oocyst per gram (OPG) count at 7™ day post treatment and onward treatment. Percent efficacy of
Paromomycin counted at day 7, 14, 21 and 28" and observed 51.77%, 67.08%, 87.54% and
91.77% reduction in OPG respectively. As a result, the excellent outcome was observed with
Paromomycin. On the basis of statistical analysis, significant difference (P<0.000) was observed
in relation to reduction in OPG with other drugs. The results for percent efficacy have been
shown in table (4.32).There was significance difference (0.000) at different days in reduction of

oocysts as shown in table (4.31). On comparison, the percent efficacy of different allopathic and
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herbal drugs, the highest reduction in oocyst per gram (OPG) was recorded by the use of
paromomyecin at the dose rate of 100mg per kg body wt. of goats.

Table 4.29: Effect of different drugs on reduction of Cryptosporidium oocyst/gram in goats.

Independent variables OPG
Drugs Azithromycin 556.4°
Metronidazole 467.6¢
Allium sativum 468.7¢
Paromomycin 391.6¢
1207.3?
0.000

the row are differ non-significantly (P>0.05) whereas
(P< 0.05).

an values of oocysts/, atgdi da fec RUQ
[(@'3 841.60°
\Q_ M-/ 729.40°

Ind

Day-14 585.13°

Day-21 481.53¢

Day-28 453.43°
P- Value 0.000

ab.c.dmean values carrying same superscript within the row are differ non-significantly (P>0.05) whereas
with different superscripts are differ significantly at (P< 0.05).
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Table 4.31: Means of oocysts/gram as affected by different drugs at different days in goats.

Independent variables (Drug*Days) OPG
Positive Control Day-0 833.3f
Day-7 1095.3¢
Day-14 1221.4°
Day-21 1379.3°
Day-28 1507.0°
Azithromycin Day-0 790.79
Day-7 681"
Day-14 555.7)
Day-21 433.3
Day-28 321.3
ay-0 837.3
619.7'
14 445K

Allj ativum

Day-7
\’Q‘ \/ byl 428"
Day-21 234"
Day-28 192.30"
Paromomycin Day-0 884.3f
Day-7 624.7'
Day-14 276"
Day-21 105.3
Day-28 68.0°
P- Value 0.000

abedeamlxtmnok mean values carrying same superscript within the column are differ non-significantly

(P>0.05) whereas with different superscripts are differ significantly at (P< 0.05).
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Table 4.32: Comparative percent efficacy of different allopathic and herbal drugs used at
different doses against cryptosporidiosis in goats

Groups Treatment Dose rate: mg/ Efficacy (%)
kg b. Wt. 0 day 07 14 21 28
day day day day
Azithromycin 10 mg/ kg b.wt 0 13.90 | 29.07 | 44.87 | 59.29
B Metronidazole 50 mg/kg b.wt. 0 25.74 | 46.70 | 68.14 | 78.20
C Allium 50 mg/kg.b.wt. 0 27.06 | 49.70 | 72.24 | 77.00
sativum
D Paromomycin 100 mg/kg.b.wt. 0 51.77 | 67.08 | 87.54 | 91.77

e effects were also observed such as abdominal
of selected drugs. Abdominal pain was observed
sativum was used in group C but the abdominal pain was mild type and rapid

oo wes st aer NG AE MG RQLULIQNS

momycin was used in group

en Metronidazole and Azithromycin was used in group A

within 2-3 days. No other severe type of side effect
was observed during treatment trails. Increase in body weight gain was recorded in groups A, B,
C and D whereas significant difference was observed when the weight gain values were
statistically compared with the group E ( infected non treated group- positive control).Weighted
all the animals under trials at day O(Pre-medication) and at day 28(Post-medication).
4.11: Haematobiochemical Profile

Blood samples were collected from 50 goats infected with Cryptosporidium infection and
50 noninfected goats (Healthy) from the same herd and area and were analyzed by automatic

hematology analyzer. On statistical analysis, Significant difference (P<0.002) was observed in
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the values of lymphocytes in infected goats. The lymphocytes count was 47.18% in non-infected
group while 54.45% count was recorded in infected group. Similarly, eosinophils count was
6.10% in infected group whereas 2.49% counts was recorded in non-infected group (Healthy).
On the basis of statistical analysis, significant difference (P<0.000) was observed in count of
eosinophil values in both healthy and non healthy groups. Hb level was lower (10.53gm %) in
healthy group while it was higher (10.84gm %) in diseased group and statistically both values
differed non-significantly (P>0.611). Monocytes count was 2.41%in healthy animals while it
was 2.47% in infected group and statistically non-significant difference (P>0.08) was recorded.

Basophils count was 1.59%_in_healthy group while it was 1.74% in infected group while

statistically no 354) was recorded. Results for hematology have

42.94% in infected animals while it was 34.62% in
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Table.4.33: Mean comparative hematological values of two groups (A & B) of goats, non-infected (A) and infected (B) with
cryptosporidiosis
Goats Groups Hb (gm/ | Lymphocytes | Monocyte | Eosinophils | Basophils | Neutrophils | PCV TEC
(n=50) 100ml) (%) S (%) (%) (%) (%) (numberx10*?
(%) /L)
n=50 | A= Healthy | 10.53% 47.18° 2.41° 2.49° 1.592 40.27° 34.62° 13.67°
million/cmm
n=50 | B= Unhealthy 6.102 1.742 39.812 42.942 13.21%
millions/cmm
P- Value 0.000 0.354 0.800 0.000 0.200

superscripts are di

me superscript
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Results

Separation of Serum

Blood samples were collected from infected and noninfected goats in dry, clean and
labeled test tubes and left the tubes at room temperature to clot and then allowed to centrifuged
at 1500 rpm for 20 minutes. The sera were separated and kept in a sterile labeled test tube at -
20C° until further used.
Biochemical Examinations:

Total serum protein was determined with the help of Biuret Method while albumin was

detected by using special reagent kits (Gornal et al.1949). The concentration of serum globulin

was determin d the albumin value from the total proteins. Copper level was

ethods with the help of reagent kits (Dreux, 1977). Serum

Is were determined with the help of atomic absorption
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Table 4.34:  Different biochemical parameters of healthy and infected goats compared for
estimation of biochemical analysis.

Serum parameters Healthy Infected P- Value

Total protein (gm %) 8.30? 6.22° .003

Albumin (gm %) 8.2660° 6.1720° 0.0001
ALT(u/l) 34.798% 35.036% 0.814
AST(u/l) 42.366° 41.890? 0.689
ALP(u/l) 88.712° 73.220° 0.000
Ca (mg %) 8.356° 8.10° 0.24
1°.28% 0.192

108.12° 0.000

(Meqg/l) 4.61° 0.0002

onde o NG A =5OLUTIONS
Zinc (mg %) 74.136° 0.0001

~ ()
Copper (mg % X@ﬂzb 91.640? 0.002
4

Urea (mg %) 23.5° 34.892 0.000

Creatinine (mg %) 0.398P 1.2100? 0.000
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CHAPTER 5
DISCUSSION

The Cryptosporidium is an important zoonotic enteric protozoan parasite belonging to the
phylum Apicomplexa and family Cryptosporidiidae (Romero et al. 2001). The Cryptosporidium
is a vital pathogen affecting both human as well as cattle (Bouzid et al. 2013). Infection with this
protozoan may lead to great economic losses due to high morbidity and mortality (Casemore et
al.1997; Lendner et al. 2011).The Cryptosporidium parvum is mainly responsible for causing a

disease in sheep and goats, known as cryptosporidiosis and have the zoonotic importance due to

its publi ertson et al. 2010; Wang et al. 2014). cryptosporidiosis is

Cryptosporidium and clinically characterized by watery

re dehydratio , anorexia and weight loss (Panciera et al. 1971; Fayer et

; Santin et al. 2004). The Crﬁit(ﬁridium infection mainly affects_efthelial cells of
small intestine and SOAQ IS 0 Mollgs. segpldel mlrg Mcs

stomach, liver, gall bladderiachea and lungs of mammals including human beings (Pillar and

lzgierdo et al. 3 54 lompson, 2005). Cryptosporidium can cause infection in more
than 170 species of vertebrates distributed globally (Romero et al. 2001). Cryptosporidium
mainly transmitted through fecal-oral route (Fayer et al. 2000). In small ruminants, the disease is
clinically characterized by severe diarrhea, anorexia and poor weight gain (Forety, 1990). It is
more harsh and severe in young animals as compared to adult (Chalmeras et al. 2002). The
infected animals can shed a huge number of the Cryptosporidium oocysts up to (108-10° /g)
which is the main source of infection in humans and animals (Lee et al. 2001). In addition,
cryptosporidiosis causes diarrhea in humans in acute form which is fatal in chronic form in
immunocompromised patients( Wilhelm et al. 2014).Cryptosporidiosis has been also connected

with a cancer in humans.(Lander et al. 2011; Benamrouz et al. 2012).Similarly it also causes
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diarrhea in lambs and kids which may lead to mortality in severe form (Tizpori et al.
1981;Kaminjolo et al. 1993;Thompson et al. 2005).However, little information are available
about the Cryptosporidium infection in small ruminants and humans in southern areas of KPK,
Pakistan. Therefore, it was needed to determine the Cryptosporidium infection in small

ruminants and its zoonotic importance in three selected districts of southern KPK, Pakistan.

The present study was conducted under a series of four sub-experiments;
Study 1: In the first study the prevalence of cryptosporidiosis in small ruminants along with

different risk factors such as different areas, season’s wise prevalence, sex wise prevalence,

month wi revalence and effect of different environmental factors such as

prevalence of the cryptosporidiosis in small ruminants was

> In the second study, the Cryptosporidium infection was detected from fecal samples of
sheep by using two dlfAQAQEMlGIe(SQLu:[pLQMS

coprological techniques. Cerparative sensitivity efficacy of both diagnostic techniques was also

studied and co @ thetg#hsitivity in detection of the Cryptosporidium oocysts.

Study 3: In the third study, the zoonotic aspect of the Cryptosporidium infection was studied.
Prevalence and risk factors were also studied in humans. Stool samples were collected from
adults and children then examined under microscope after proper staining with MZN technique.
Study 4: Hematological analysis, was also conducted to study and compare different blood
parameters (Hemoglobin estimation, total erythrocyte count, packed cell volume, total leukocyte
count) of healthy and diseased goats. Similarly, goat serum analysis in healthy and diseased
animals suffering from cryptosporidiosis was also conducted to find out the difference in ALT,

AST and ALP etc.
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Study 5: Efficacy (%) of different selected local herbal and allopathic drugs were evaluated on
the basis of reduction in oocyst per gram (OPG) under field conditions through different
therapeutic trials in goats.
5.1: Prevalence of cryptosporidiosis in small ruminants

The prevalence of the Cryptosporidium infection was determined on the basis of simple
microscopic examination of fecal samples, stained by using Modified Ziehl-Neelsen (MZN) acid
fast staining technique. In Caprines, Ovines and bovines, diagnosis of the Cryptosporidium
infection is mainly based on simple microscopic identification of the Cryptosporidium oocysts

(Johnson et a and Esbroeck, 2010).Similarly, Park et al. 2006, detected

Ip of simple microscopy. Modified Ziehl-Neelsen staining

al. (2013) for detection of the Cryptosporidium oocysts in

es of calves and lambs 1 . In the present study, the highest percent prevalence of

oo KCADEMIC SOLYTIONS

Sheep (18.33%) while the ple

conventional igé

5.2: Prevalence of cryptosporidiosis in Sheep

In the present study, overall 18.33% prevalence of the Cryptosporidium infection was
recorded in sheep in three selected areas of the southern KPK, Pakistan. The highest percent
prevalence of the cryptosporidiosis was recorded in District Kohat (21.66%), followed by
District Bannu (18.33%) while the lowest percent prevalence was recorded in Lakki Marwat
(15%).
Danladi et al. 2015, recorded 11.7% prevalence of the Cryptosporidium infection in sheep which

is very similar to our results for District Lakki Marwat. However, in adult sheep, 4-55%
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prevalence of the Cryptosporidium infection was documented by Himonas et al. 2013 and
Panousis et al. 2008.

Similarly, Fasihi-Harandi and Fotohi-Ardakani; 2008 also documented, 4-85%
prevalence of the Cryptosporidium infection in adult sheep. All the previous studies conducted
about the percent prevalence of the Cryptosporidium infection in sheep, was based on diagnosis
through simple microscopic examination after proper staining. According to the previous study,
conducted in Ethiopia, 0% prevalence of the Cryptosporidium infection was reported in sheep by
Ulutas and Voyvoda, 2004. Similarly, in Australia, 2.6% prevalence of the Cryptosporidium

infection was by Green et al. 2004. These two results are lower than present

akistan. The percent prevalence of the Cryptosporidium

azil reported by Ozdal et al. 2009 and13.6%-46.5% in

orted by Silva-Fiuza et al."2011 which are higher than the results observed in the

oy n e ACADEMIC-SOLEUTIONS
sheep about the prevalence of Cryptosporiarosts. and. recoraed. 2o.7% prevalence of the
erptosporidi

Mexico while 29% prevalence was documented in Greece by
Zorana et al. 2008=FTses both results are very close to the findings observed in the present
study for District Kohat. In Serbia, 42.1% prevalence was reported by Seri et al. 2009 where
higher percent prevalence was recorded than the present study conducted in our southern area.
The prevalence of the Cryptosporidium infection was 67.5% in sheep reported in the
Veracruz (Perote) in Mexico while 34.3 % prevalence was recorded in northern Mexico (Alonso-
Fresan et al. 2005). Sheep and goats serve as a major source of reservoirs for the

Cryptosporidium infection in humans (Koinari et al. 2014).In Spain, 31-59% prevalence was

recorded in sheep by Causape et al. 2002 and Castro-Hermida et al. 2007 which are higher than
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the present findings. In Poland, 10.1% prevalence of the Cryptosporidium infection was
determined in sheep by Majewsla et al. 2008. Mahfouz et al. 2014, documented the lowest
percent prevalence (2.5%) of the Cryptosporidium infection in sheep in Egypt that were naturally
infected. In Iran, Gharekhani et al. 2014; conducted a study and found 11.3% prevalence whereas
similar close percent prevalence was also recorded in District Lakki Marwat. In Iraq, 13.3%
prevalence of the Cryptosporidium infection was recorded in sheep by Mahdi and Ali, 2002 and
similar results we observed and reported in the present study in District Lakki Marwat. In
Tunisia, 11.2% prevalence of the cryptosporidiosis was recorded in sheep by Soitan et al. 2007

while similar corded in the present study where, 15% prevalence of the

ded in sheep in District Lakki Marwat. The lowest percent
ction was1.8%, recorded in India as reported by Mauya et
rded in Guinea by Koinari et al. 2014. These both
s e ot N ADEMIC SOLYUTIONS
prevalence of the Cryptosporidiun INTECHION 1N SHeep 1N aITarant areas may be due to different

managements, ati ions, feeding, study design, heavy rainfall, humidity and poor

hygienic conditio e variation in the frequency of the Cryptosporidium prevalence in sheep
raised in various geographical locations can be the effect of differences in infectivity of the
environment. It is also possible that the poor quality of hygienic conditions during grazing

practices, might influence the animal’s susceptibility to the Cryptosporidium infection (Ramirez

et al. 2004)

120



Discussion

5.2.1: Month wise percent prevalence of cryptosporidiosis in Sheep

. The data was analyzed on monthly basis to find out which month of the year has the
highest percent prevalence of the Cryptosporidium infection in sheep. The highest overall
percent prevalence was recorded in the month of August (36.66%) followed by April (26.66%),
May, July and September (23.33%), June (20%), October (16.66%), February, March and
November (10%) while the lowest percent prevalence was recorded in the month of December
and January (6.66%). It appears from the results that the highest prevalence was recorded in

warm and wet months of the year while the lowest prevalence was recorded in cooler months of

the year were documented by other authors reporting significant
e Cryptosporidium infection and seasonal variations. The
ity and heavy rain in different months of the year affects
nt prevalence of the CryptOSﬁdlum infection in shee Green et al. 2004, Jafari et al.

2QEHLIONS

Nt in spring and summer season (Lake et al. 2008). The highest

2013). Cryptosporldlo

and reaches its highes

the summer season due to high intake of water, increased
outdoor activities (swimming activities increased during the summer season in recreational water
in form of community swimming and enhances chances for fecal-oral transmission (Sunderland
et al. 2007).There are few risk factors such as poor quality of pool design, water quality, don’t
use of disinfectant and lack of filtration facility are responsible for cryptosporidiosis (Fayer et al.
2000). In some countries the extensive outbreak of cryptosporidiosis may be due to shortage of

water in some dry season of the year.
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As a result of water shortages, utilize other sources of water where hygienic conditions are poor
such as wells that may have maximum concentrations of the C. oocysts (Gatei et al. 2006).
Additionally, daily use of recreational waters by infected children, adults, wild bird and animals
may enhance the risk for water-born transmission in the summer season (Fayer et al. 2000).
5.2.2 : Season wise percent prevalence of cryptosporidiosis in Sheep

The Cryptosporidium infection is worldwide in distribution and commonly found in all
wet and warm seasons of the year as reported by (Green et al. 2004; Jafari et al. 2013). The
highest percent prevalence of cryptosporidiosis in sheep was recorded in the summer (27.50%)

and autumn llowed by spring season (18.33%) while the lowest percent

r season (8.33%). Our results are consistent and agree with

estigators reported a strong correlation between the warm

asons with the infection rate. Gharekhani et al. 2014, documented (17.3%) the highest

i s AGADEMIE SOLUTIONS
maximum (Green et al. 2004). SOMe OUNEr researchers also reported smilar results of the
erptosporidi

ainy and warm season of the year (Perch et al. 2001) that reach to
the highest poin pring and summer season (Lake et al. 2008). The highest percent
prevalence was recorded in the summer season due to high intake of water and increased outdoor
activities such as swimming which occurs mainly in summer activities increased during the
summer season in recreational water in the form of community swimming and enhancing the
chances for fecal-oral transmission (Sunderland et al. 2007).

Different management conditions and hygienic conditions, climates, study design and

different geographical areas might be the possible reason of variations in results (Ulutas and

Voyvoda et al. 2004; Ramirez et al. 2004).
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5.2.3: Age wise percent prevalence of cryptosporidiosis in sheep

. In the current study, overall the highest percent prevalence was recorded at the age of <
1 year (23.3 %) followed by at the age of 1-2 years (18.85%) while the lowest percent prevalence
was recorded at the age of >2-3 years and above (11.53%). Similar results were found by
Gharikhani et al. 2014, where the highest percent prevalence was recorded at the age of 1 year
(16.7%) while the lowest percent prevalence was recorded at the age of more than 1 year (8.8%).
The results are in consistent with the results of other researchers indicating a strong correlation

between age Dezfouli et al. 2002; Ulutas et al. 2004; Mokhber- Heidari and

9).The variation in different age factors may be due to
| animals and highly sensitivity to the Cryptosporidium
e is the key risk factor responsible for spreading and
ution of the Crypm)@iﬁ DEMIiGSarS @)l&)l‘lje-?ll-gl@(le
has been recorded in neonatal animals at an earty age o1 1e (Panousis et al. 2008).

5.2.4: Sex Wis dlence of cryptosporidiosis in Sheep

Overall prevalence of the Cryptosporidium infection was high in female
(18.80%) than male (17.02%) reared under similar management conditions in three selected
areas. In District Bannu, the sex wise percent prevalence ratio of male and female was 18.75%
and 19.04% respectively. In District Lakki Marwat, the sex wise percent prevalence ratio of male

and female was 14.28% and 15.21% respectively whereas in District Kohat, the sex wise percent

prevalence ratio of male and female was 20% and 22.22% respectively. Our findings are

opposite to other investigator (Gharikhani et al. 2014) where 14.3% prevalence was recorded in
male while10.3% prevalence was found in female. Our findings are similar to other investigators

where highest percent prevalence was reported in female as reported by (Dezfouli et al. 2002;
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Heidari and Gharakhani, 2006; Ozdal et al. 2009; Vahedi et al. 2009; Jafri et al. 2013). Danladi
et al. 2015, also reported 9.2% and 14.5% prevalence ratio in male and female respectively. A
study was designed by Pam et al. 2013, to find out percent prevalence in sheep on sex basis and
recorded 13.3% prevalence in male and 18.7% in female which supports the present study. Our
findings are also in agreement with observations of Ayinmole and Fagbemi, (2010) who reported
the highest percent prevalence in female (38.10%) than male (17.75%).

The higher percent prevalence in females in sheep might be due to hormonal disturbance
during pregnancy, weakness, poor immune system and lactation stress (Danladi et al. 2015).

5.3: Percent tosporidiosis in Goats

were detected and identified on the basis of morphological
microscopic examination of stained thin smear. Overall
goat, in three different selected areas of study. In the

(v i ACADEMIC: SO TIONS

by District Lakki Marwat (11.66%) WNITE tHe TOWest Percent prevalence was recorded in District

recorded 18.33% prevalence in District Kohat. A study was conducted in Sokoto and Plateau

where 3.3% and 24% prevalence of the Cryptosporidium infection was reported by Faleke et al.
2006 and Pam et al. 2013, respectively while in the current study reported 6.66%, prevalence in
Bannu area. In Spain, a study was conducted by Castro-Hermida et al. 2007; where 30%
prevalence of the Cryptosporidium infection was recorded in goats while observed lower percent
prevalence in the present study. In Poland, 0% prevalence of the Cryptosporidium infection was

documented in goats by Majewska et. al. 2000 while these results are lower than the findings
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observed in the present study. In Iraq, a study was conducted by Mahdi and Ali et al. 2002;
where 17.7% prevalence of the Cryptosporidium infection was reported in goats while similar
results were also observed in the present study in District Kohat where percent prevalence was
18.33% while overall prevalence was 12.22% in three selected districts. In Papua New Guinea, a
study was designed to find out the percent prevalence of the Cryptosporidium infection in goats
where 4.4% prevalence was reported by Koinari et al. 2014 whereas in current study observed
6.6% prevalence in District Bannu.

However, care should be taken to compare the prevalence of the cryptosporidiosis in goat

in different ¢ rld because different risk factors affect the percent prevalence of

the Il ruminants such as raising conditions, characteristics of

s, study design, temperature, humidity, rainfall, hygienic

of the area and manageme

ACADEMIC SOLUTIONS

5.3.1: Month wise percent prevalence or cryptosporiaiosis i goats

| conditions are different from each other (Fayer et al.

valence was observed in the month of August (30%), followed by
July (23.33%), June (20%), May (16.66%), March and September (13.33%), April and
November (10%), January, February and October (3.33%) while the lowest percent prevalence
was recorded in the month of December (0%).Lower percent prevalence of the Cryptosporidium
infection in goats may be attributed to certain essential factors such as the environmental and
ecological factors of the study area, where relative low humidity and short period of rainfall was
reported. This is supported by recommendations and suggestions documented by Yu and Seo
(2004) and Fayer et al. 2000, that high rainfall and relative high humidity are responsible for

high prevalence (%) of cryptosporidiosis because oocyst can survive for long period in such
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environmental conditions. The highest percent prevalence of the Cryptosporidium infection was
observed in those months of the year where the highest ambient temperature and relative
humidity was recorded.
5.3.2: Season wise percent prevalence of cryptosporidiosis in goats

Considerable seasonal variations are reported for prevalence of cryptosporidiosis in goats
(Green et al. 2004, Jafari et al. 2013). Our results are in consistent with the results of other
researchers who reported positive strong correlation between the warm and wet seasons of the
year with high prevalence of infection. Our results agreed with the results of Jafari et al. 2013

where overall ent prevalence was recorded in warm and hot seasons. In the

ercent prevalence of cryptosporidiosis was recorded in the

y spring (13.33%), autumn (11.66 %) while the lowest

valence was recorded in

oy oo A CADEMIE 'SOEAS THONS

Cryptosporidium infection was recor y-autumn, spring

onth of winter season (3.33%). Similar findings were

while the lowe$ dson. Some other researchers also documented similar results for

the highest percefit=preValence in hot and humid season (Perch et al. 2001) and similar findings
were reported in the spring and summer season by certain other researchers (Lake et al. 2008).
Environmental conditions such as high relative humidity, high ambient temperature,
heavy rainfall and moisture are necessary for the survival of the oocysts of the parasite. These
oocysts are the constant source of infection for both animals and humans. As it is water born
disease and use of water for drinking and water bath is at maximum in hot and summer season.

Therefore it might be possible that the high prevalence percentage was due to excessive contact

with contaminated water. In summer season, there might be a shortage of water in some areas of
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the world resulting in the use of utilize the stored water (Fayer et al. 2000; Sunderland et al.

2007).

5.3.3: Age wise percent prevalence of cryptosporidiosis in Goats

In the current study, recorded the highest percent prevalence at the age up to <I year
(18.58%) followed by 1-2 years of age (10.20%) while the lowest at the age of >2-3 years
(5.95%) in adults. Similar study was also conducted on the basis of age factor to find out the
percent prevalence of cryptosporidiosis in goats by Akinkuotu et al. 2015, who concluded the

highest perce o re-weaned kids (62.7%), followed by Post weaned kids (30.4%)

.Our results are agreed with the fact that highest percent

ction occur at an early age of life while the lowest percent

occur at higher ages.

e s o A CADENMIC- SO ST IONS

recorded.

al. 2013, reported prevalence of 9% was reported in

@ due to different hygienic conditions, environmental factors such as

heavy rain fall, hig ative humidity, high temperature, study design, immune status of animal,
feeding and watering management conditions of the area (Ozdal et al. 2009).

5.3.4: Sex wise percent prevalence of cryptosporidiosis in goats

Overall percent prevalence of the Cryptosporidium infection was recorded in both sexes
of goats and little higher prevalence was recorded in male (12.30 %) than female (12.17%) in
three zones of the Southern KPK. A similar study was also conducted by Akinkuotu et al. 2015,
where significant difference (P<0.05) was recorded in prevalence (%) of the Cryptosporidium

infection in both sexes who recorded the highest percent prevalence of the Cryptosporidium
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infection in female (47.5%) while lowest in male (29%). Our findings are not agreed with the
findings reported by Akinkuotu et al. 2015. Similar study was also conducted by Pan et al. 2013,
who recorded the highest percent prevalence in female (25.3%) and lowest in male (22.7%). Our
findings are not agreed with these findings because we found little higher prevalence in male
than female. The variations in results may be due to different environmental conditions and study
design. The constancy of the higher percent prevalence rates in females than male in goats may
be due to some hormonal disturbance during pregnancy, immune conditions of the body and
lactation stress (Danladi et al. 2015).

idiosis in Lambs

occurs in lambs at an early age of life than adult sheep and
more often than adult sheep and the intensity of infection
(Majewska et al. 2000). There is significant difference

5 n s EADEMICG SOEITIONS

2000).

ds and other young animals are the main source of contamination.
Clinically infectet™arms and goat kids, along with other young animals, are a major source of
environmental contamination.

In the present study, an overall percent prevalence of cryptosporidiosis was 27.22%
reported in lambs, in three selected zones of study area. The highest percent prevalence of the
Cryptosporidium infection was recorded in District Kohat (33.33%) followed by District LakKi
(25%) while the lowest percent prevalence was recorded in District Bannu (25%). Similar study

was also conducted in Spain to find out the prevalence of different enteric pathogens in lambs

and goat kids. As a result, the highest percent prevalence was recorded in lambs (45%) than
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diarrhoeic kids (42%) (Munoz et al.1996). There are certain variations in percent prevalence in
our study and other researchers that might be due to some factors such as study design, breed
variation, immune status of the animal, area, hygienic conditions and other environmental
conditions such as humidity, temperature and rain fall (Majewska et al. 2000).

5.4.1: Month wise percent prevalence of Cryptosporidiosis in Lambs

The Cryptosporidium infection is worldwide in distribution and commonly found in all
wet and warm months of the year where the highest ambient temperature, relative humidity and
high rainfall was recorded (Green et al. 2004; Jafari et al. 2013). The data was analyzed on

monthly basis ich month of the year has the highest percent prevalence of the

. The overall highest percent prevalence was recorded in
temperature, relative humidity and heavy rainfall was
, Tontowed by other months of the year such as July (40%),

s KCAD EMIC SOLUTIONS

while the lowest prevalenc .66%)

where lower teg : dity and minimum rainfall was recorded.
5:4.2 : Season wiSe=perctnt prevalence of cryptosporidiosis in Lambs

In the present study, the overall highest percent prevalence of cryptosporidiosis was
recorded in the summer season (36.66%), followed by spring and autumn (26.66%) while the
lowest in the winter season (18.33%). Our results are similar to the findings reported by Causape
et al. 2002; where the highest prevalence was observed in the summer season as observed in the
current study. Our results are not agreed to the prevalence reported in the winter season by
Causape et al. 2002 where the highest prevalence (92.8%) was recorded. In the current study,
26.66% prevalence was recorded in the spring and autumn season while Causape et al. 2002

reported the highest percent prevalence in spring and autumn season (79.3% and 75%). The
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variation in results might be due to different hygienic conditions, environmental factors, study
design and immune status of the animals (Ozdal et al. 2009).
5.4.3: Age wise percent prevalence of cryptosporidiosis in Lambs

It is the fact that the age related resistance to Cryptosporidial infection is exists naturally
in lambs and kids. During the first two weeks of age, infection is more severe and obvious
decrease has been reported in the severity of the clinical signs as the age increases during
infection (Ortega-Mora et al.1999, Causape et al. 2002; Giadinis et al. 2007). A study was
conducted in Spain by Ortege-Mora et al. 1999; and it was estimate that 20,000-444000 oocysts/

day can be ex tomatic ewe. It was observed that 1 oocyst/ lamb can cause the

ective dose whereas the average numbers of oocysts were

it was recorded that 4,000-110,000 infective doses per day

y ewe without any clinica ptoms (Ortega-Mora et al. 1999).

Age is the mairﬁl@cArrElM eadinS@EM@sli@rNrs
goat kids (Sari B et al. 2009); and age factor 15 also a oK or Miecton and nign morbidity mainly

oceurs in neon imal as lambs and kids (Panousis et al. 2008).

Our results are in agreement with the above statements mentioned by various researchers
that age is the key factor in spreading of the Cryptosporidium infection so similarly the highest
percent prevalence was recorded in an early age of lambs as in our study at the age of <1-15 days
(38.09%) followed by lambs at the age of 16-30 days (29.41%) while the lowest percent

prevalence was recorded at the age of >31-60 days and above (15.15%).

Our results are similar to the findings reported by Baris et al. 2008, where the highest

prevalence was recorded at the age of first week(44.4%), followed by two weeks of the
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age(37.5%), 3 weeks (32.3%) of the age while the lowest prevalence was recorded at the age of
4 weeks(22%) in lambs.

Our results are not agree to the findings reported by Misic Zorana et al. 2006, who
recorded the highest percent prevalence at the age of 30 days (45.3% in lambs) while in the
present study recorded, lower percent prevalence at the age up to 4 weeks (29.41%). Misic
Zorana et al. 2006, also recorded 42.1% prevalence of the Cryptosporidium infection in lambs
while in the current study, recorded “27.22%” overall prevalence in three selected zones of
southern KPK. The variations in results might be due to certain factors as reported by Fasihi-

Harandi M a i et al. 2008; that at early age, high percent prevalence of the

due to poorly developed immune system and their maximum

e ere ACADEMIC"SOLUTIONS

different number of researc ea to

35% prevalence of cryptosporidiosis has been also reported by several different investigators

(Robertson, 2009). The zoonotic specie such Cryptosporidium parvum has been reported in
different countries of the world including Zambia, Belgium, Australia and Cyprus in small
ruminants (Geurden et al. 2008).

In the present study, “20.55%”overall percent prevalence of the Cryptosporidium
infection was recorded in goat kids in three selected areas of study. The highest percent
prevalence of the Cryptosporidium infection was recorded in District Kohat (23.33%), followed

by District Bannu(20%) while the lowest percent prevalence was observed in District Lakki
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Marwat(18.33%). Nektarios et al. 2015; reported 76.6%, prevalence of the Cryptosporidium
infection in kids and theses findings were not agreeing with our results because our results are
lower. A study was conducted by Amam Zonaed Siddiki et al. 2015 to find out prevalence (%) in
goat kids wherel5% prevalence of the Cryptosporidium infection was observed. This diagnosis
was just based on simple microscopic examination by using Modified Ziehl-Neelsen staining
technique which is not actually 100% sure confirmatory test because several acid fast bacteria
such as Mycobacterium species also interfere with the results of the test. In UK, a study was
conducted by Sturdee et al. 2003; to determine percent prevalence of the Cryptosporidium

infection in ki t observed 23% prevalence of the Cryptosporidium infection in

results were also recorded in the area of District Kohat

nce was 20.55% recorded in all three selected areas. In

4%, China 24.2% while In

weorsed by Costo e CAPHEIC - SO L UTFIHOMNS

al. 2014).We also observed similar resuls 1 Bannu. (2090), Lakkl warwat(18.33%) and

Kohat(23.33% @ e in 2 parts of the world, the lowest percent prevalence was reported

nidad and Tobago 20% prevalence of Cryptosporidiosis

such as in Greecé , Belgium(9.5 %) and Iran(17%). These results are not agreed with our
all findings (20.55%) because our results are comparatively higher than Greece and Belgium
whereas close to Iran. A study was conducted in Spain who recorded 40-70% prevalence of the
Cryptosporidium infection in kids while 20.55% prevalence was recorded in the current study.
The variation in prevalence percentage may be due to different in hygienic conditions, study
design, poor health status of the animal, poor immunity and different feeding; watering and

managemental conditions are the factors responsible for variation (Ozdal et al. 2009).

5.5.1: Month wise percent prevalence of cryptosporidiosis in kids
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The data was analyzed on monthly basis to determine which month of the year has the
highest percent prevalence of the Cryptosporidium infection in kids. The highest overall percent
prevalence was recorded in the month of August (36.66%), followed by May (30.66%), June,
July and October (26.66%), April (23%), September (20%), March (16.66%), November
(13.3%), December (10%) while the lowest percent prevalence was recorded in the month of
January and February (6.66%). The highest percent prevalence was recorded in the District
Kohat (23.33%) followed by District Bannu (20%) while the lowest percent prevalence was
recorded in the District Lakki Marwat (18.33%). The variation in different months might be due

to heavy rai ironment favorable for oocysts while cooler months are less

st (Perch et al . 2001).High intake of water in warm months

e the factor responsible for the highest percent prevalence

oridium infection in warm months of the year (Sunderland et al. 2007).

“season wise pr AP B NHCE-SOLUTIONS

The highest percent prevalence or the Cryprosporiatum mrecton was recorded in the

summer seaso owed by spring and autumn (2.66%), while the lowest percent

prevalence was d in the winter season (9.16%). The prevalence of cryptosporidiosis
seems to show strong seasonality correlation and it was reported that the highest prevalence was
recorded during the hot, warm and rainy season of the year as reported by Perch et al. 2001.Our
results are agreed with this statement and we recorded the highest percent prevalence of the
Cryptosporidium infection in those seasons of the year where heavy rainfall and ambient
temperature was recorded. The Cryptosporidiosis is worldwide in distribution and commonly

found in all wet and warm seasons of the year as described by Jafari et al. 2013 and Green et al.

2004. Our results are in consistent and agree with the results of other researchers and
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investigators who reported a strong correlation between the warm and wet seasons of the year
and the rate of prevalence of the infection.
5.5.3: Age wise percent prevalence of Cryptosporidiosis in goat kids

In current present study, the highest percent prevalence was recorded at an early
age of kids. As a result, the highest percent prevalence was recorded at the age of <1-15 days
(33.92%), followed by 16-30 days (17.69%) while the lowest percent prevalence was recorded at
the age of >31-60 days (15%). Our results are lower than a study conducted by Nektarios et al.
2015, where percent prevalence of the Cryptosporidium infection was 76.4% in diarrheic kids. In

French, Delaf so documented high prevalence of the Cryptosporidium infection

ina
y Amam et al. 2015 in Bangladesh who reported the
m infection in kids on the basis of age factor where the

> percent prevalegy & D BN C : SO LU TFIONS

susceptible than adults.

A study was q isic Zorana et al. 2006, in goat kids at Serbia who documented
3i.81% prevalence he Cryptosporidium infection and it was concluded that small ruminants
act as a source of reservoirs for the transmission of the Cryptosporidium infection to humans and
other susceptible animals. The difference in percent prevalence of the Cryptosporidium infection
in young and adult might be due to poorly developed immune system and their highly sensitivity

as described by Fasihi-Harandi and Fotohi-Ardakani et al. 2008.

5.5.4 : Sex wise percent prevalence of cryptosporidiosis in goat Kids

In the current study, the highest percent prevalence of the Cryptosporidium infection was
reported in female kids (20.98%) than male’s kids (19.19%). Similar study was conducted by

Amam et al. 2015 where the highest percent prevalence of the Cryptosporidium infection was
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recorded in female goat kids than male. As a result, it was concluded that females are highly
susceptible than male. This could be on the basis of variations in different hormones that can
donate and enhance the susceptibility of the Cryptosporidium infection to different goat kids of

either sex (Danladi et al. 2015).

5.6 : Prevalence of cryptosporidiosis in small ruminants and environmental risk factors
Month wise percent prevalence of the cryptosporidiosis in small ruminants was correlated
to the relative high or low humidity, high or low ambient temperature and heavy rainfall. In the

present study, it was concluded that high temperature, humidity and heavy rainfall play an

doparasites in small ruminants. In the month of August, 32C°,
recorded in District Bannu, Lakki Marwat and Kohat

ember, lowest temperature, humidity, and rainfall was

therefore lowest percent Srevalence was recorded in three selected areas of the southern
KPK. Our results are ir%eg rEMslogrveg)gnl!mu a-rlleNelﬁ

the Cryptosporidium infection was recorded in summer season at

highest percent prevalen

ile the lowest prevalence was recorded in the winter season.
The highest percent prevalence of the Cryptosporidium infection was reported in the rainy
season in those patients showing diarrhea in Bangladesh while the highest prevalence was
recorded in the autumn season in Saudi Arabia (Donovan et al. 1998).

Maurya et al. 2012; reported that seasons have a big effect on the prevalence of the
Cryptosporidium infection in animals and humans. These observations and findings are very
similar with the present study. Katsumata et al. 1998; documented different risk factors that are
responsible for prevalence of the cryptosporidiosis such as overcrowding, heavy rainfall, flood

and contact with cats or other small ruminants.
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5.7: Molecular study

In addition to coprological examination, the same samples were also processed by PCR
to detect the Cryptosporidium DNA .

On application of PCR (molecular detection technique) little higher prevalence was
detected than simple microscopic examination. PCR based detection of the Cryptosporidium
infection was more effective and confirmatory technique than simple traditional technique

concerning wit ific stains such as modified Ziehl- Neelsen stain (MZN). Although

ratively less costly and no need of highly scientific
. The sensitivity of the conventional approach was lower
It in false positive result. During simple microscopic

e e e CADEMIC SO LUTFIONS

results. Therefore modern ith all

During tie~ee#remit study, simple PCR approach was additionally applied to find out the
percent prevalence of Cryptosporidium infection as the technique was more reliable and sensitive
than conventional approach and similar findings were also observed by Mathis et al. 1996; and
McGlade et al. 2003. DNA band was revealed at 435 base pair (bp) when amplified targeted
nucleic acid.

Molecular diagnostic technique (PCR) as sensitive diagnostic tool was first times used in
1991, for detection of Cryptosporidium oocysts in fecal and water samples. Different molecular
diagnostic sensitive and specific methods such as Simple PCR, RT-PCR, PCR-RFLP and nested

PCR methods were used for detection and identification Cryptosporidium species (Aslan et al.
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2012, Dreelin et al. 2014). The Cryptosporidium oocysts could be identified in feces, bile and
sputum. Several diagnostic techniques were used for the detection of the Cryptosporidium
oocysts though the molecular diagnostic techniques were most sensitive and specific for the
detection of the parasites. Experienced people could do the microscopic diagnosis successfully
but inexperienced people can made mistakes to diagnose properly. PCR methods and ELISA
were highly sensitivity and specificity for the rapid detection of the Cryptosporidium antigen.
The Cryptosporidium has two target antigens and the molecular weight of two antigens is 15-17
kDa. There were two main target antigens for the Cryptosporidium with a molecular weight of

15-17 kDa. T s were also known as Cpl7 and 27 kDa antigens. These two

different species of the Cryptosporidium were reported in

amples of lambs in various Countries such as Tunisia (Soltane et al. 2007), United

om (Mueller-Dotfks€C e dPE) BeaNATE ot ST FAE) NS

2009), Australia (Yang et al. 2009, Ttaly (Paolettl et al. 2009), Brazil (reres et al. 2009) and

China (Wang ain Cryptosporidium species responsible for causing infection in

small i Cryptosporidium  parvum, Cryptosporidium  ubiquitum and

Cryptosporidium xiaoi (Fayer and Santin, 2009; Fayer et al. 2010).

DNA was extracted from 90 samples out of total 360 samples of sheep and was declared
positive after amplification through PCR. At molecular level, 24.99%, an overall percent
prevalence of the Cryptosporidium infection was determined in sheep in three selected areas of
southern KPK. The highest molecular percent prevalence was recorded in District Kohat
(31.66%), followed by District Bannu (25%) while the lowest molecular percent prevalence was

recorded in Lakki Marwat (18.33%). The highest season wise percent molecular prevalence was
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recorded in the month of summer (33.33%), followed by autumn (30%), spring (26.66%) while
the lowest prevalence was in winter season (13.33%).

Sex wise molecular percent prevalence of cryptosporidiosis was higher in female
(27.08%) while lower in male (25.53%). On the basis of Statistical analysis, non-significant
difference was recorded at sex level in prevalence of the Cryptosporidium infection in sheep.

The highest molecular percent prevalence was recorded at early age of 1 year(29.85%)
followed by at the age of 1-2 years (26.22%) while the lowest percent prevalence was recorded
at the age of 3 years or above(17.30%). The current study confirmed that young’s were more

frequently inf ith the Cryptosporidium infection and similar findings were also

ile Olson et al;1997,reported that prevalence of the

in those animals older than six months. However already

formation about percent alence of the Cryptosporidium infections are ranged

23-100% in young§nep if\gi @EM’I[CWOS@‘LUEF I @N"S

observed in our findings (Tzipori et al. ; son et al.,

1997).

| The diffe percent prevalence of the Cryptosporidium infection in sheep raised in
different geographical regions may be due to zoohygienic conditions, grazing practices, drinking
water, level of contamination of the environment with Cryptosporidium oocysts and immune

status of the animals.

5.7.1: Comparative analysis of sensitivity and specificity of two diagnostic tools for rapid
detection of the Cryptosporidium infection in small ruminants

The highest percent prevalence of the Cryptosporidium infection was determined by PCR
(24.99%) while the lowest percent prevalence was determined by microscopic morphological

identification (14.99%) in sheep in three selected areas of Southern KPK. However, on statistical
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analysis, non-significant difference (P>0.05) was recorded in molecular and coprological
technique.

According to area wise percent prevalence, the highest percent prevalence was
determined by PCR (25%) followed by simple microscopic technique (18.33%) in District
Bannu. In District Lakki, the highest percent prevalence was determined by PCR (18.33%)
followed by simple microscopic technique (15%). Similarly, in District Kohat, the highest
percent prevalence was determined by PCR (31.66%) followed by simple microscopic
examination (21.66%).

e to the findings as reported by Zucatto et al. 2015, where 15%

while in the current study, 18.33% molecular prevalence of

in the area of Lakki Marwat. Similarly, a study was also

in Australia, where 24.5%

e X CADEMIE-SOLUTIONS

and Silva (2007) respectively. Served in the

ecular prevalence of the Cryptosporidium infection was

present study i trict @ (25%). Our results are lower than the results reported by Santin
et al. 2007 where Ohest molecular percent prevalence (77.4%) was recorded. Our results are
also not agreed to the findings reported by Fiuza et al. 2011 where the lowest molecular percent
prevalence was recorded in sheep. In Norway, a study was designed by Robertson et al. 2010;
and reported similar findings that were observed in the present study.

On the basis of statistical analysis, non-significant difference (P<0.187) was recorded in
comparative sensitivity of two diagnostic techniques (microscopic examination and PCR) for

detection of cryptosporidial infection in sheep. However the highest percent prevalence was

recorded by molecular techniques (PCR) than simple microscopic examination.
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Similarly, season wise percent prevalence of cryptosporidial infection in sheep was also
determined by using simple microscopic examination and PCR and found higher percent
prevalence at molecular level than simple microscopic examination.

In the present study, the highest percent prevalence was determined by PCR (13.33%) followed
by simple microscopic (8.33%) in winter season while in spring season, 20% prevalence was
determined by simple microscopic examination while 26.66% prevalence was determined by
PCR technique. In the summer season, 23.33 percent prevalence was determined by using simple
microscopic examination while 33.33 percent prevalence was detected by PCR. In autumn

season, 23.33 e was determined by simple microscopic examination while 30

echnique. Statistically non-significant difference (P>0.268)

.02 percent prevalence was determined by coprological

ination while 25.58% Grev o Y i} €y €D b F FEINS

highest percent prevalence (27.08%) W ent prevalence

was determine simplg roscopic (18.80%). On the basis of statistical analysis, significant
difference (P<0.0 Was recorded in comparative efficacy of both diagnostic techniques at
gender wise percent prevalence.

Similar findings were also recorded in relation to age of the sheep, where higher percent
prevalence was recorded by molecular technique (PCR) followed by simple microscopic
examination and statistically non-significant difference (P>0.264) was detected in sensitivity of
two diagnostic techniques. Our results are similar with the findings observed by Masood S et al.

2013 where higher percent prevalence of the Cryptosporidium infection was observed by PCR

technique followed by simple microscopic coprological examination.
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Our results are agreed to the findings reported by Santin et al. 2007 where 20.6%
prevalence was reported in sheep with IFA technique while 50.8% prevalence was diagnosed
through PCR.

In the present study, PCR technique was used in addition to simple microscopic
examination for the detection of the Cryptosporidium infection in fecal samples of sheep. PCR
skill provides an alternative offers to conventional diagnostic techniques for detection of the
Cryptosporidium oocysts in clinical and environmental samples. We have to compared simple
microscopic examination by using Ziehl Neelsen Modified acid fast staining procedure with a

currently dev ique that can neither only detect only a single oocyst of the

hlnguish between  different species of the protozoan on the

results are similar to the

s oy CADENMIE-SOLUTIONS
confirmation by microscopy. A total of TIVE samples Were deciared positive by microscopy while

gleclared the result as false positives. Direct immunofluorescent-

ings reported by Morgan et al. 1998, where 36 samples

rﬁonoclonal antibdey=staining is more sensitive than acid fast staining and increases the chances
of detection rate over acid-fast staining (Alles et al. 1995) while Modified Ziehl Neelsen acid -
fast staining has been proved 83.7% sensitivity and 98.9% specificity when compared to the
molecular technique known as PCR (Morgan et al. 1998). PCR technique is doubtless, highly
sensitive, specific and gives more advantages than other diagnostic methods. Furthermore PCR

enables genotyping of the different Cryptosporidium strains. However, recently PCR is limited to

research work mostly than diagnostic labs.
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The findings based on simple microscopic examination by MZN staining technique is not
100% positive because this is not only the oocysts of the Cryptosporidium but other organisms
such as several types of acid fast bacteria (Mycobacterium species) may also get the same stain.
The most important advantage of the PCR technique is to differentiate between different strains
of the Cryptosporidium but through simple microscopy can’t differentiate different species. PCR
is more useful than microscopy due to highly sensitivity, specificity, easiness to use, genotyping
ability and batch testing adaptability have made PCR a useful tool for future analysis and survey
on molecular epidemiology of cryptosporidiosis in humans and animals. Due to lack of proper

information detection of the percent prevalence of the Cryptosporidium

ompared with other countries of Southeast Asia or the

ridium Infection

nsecirs NG ADEMIC-SOLUTIONS

and one of the most common preva farum that mainly

infests the epi A d small intestine that result in loss of villous enterocytes, atrophy,
malabsorption ant=efafrhea. Other clinical symptoms include diarrhea, dehydration, loss of
weight, abdominal cramps, nausea, fever and vomiting (Huang et al. 2004).

The Cryptosporidium oocyst is highly resistant to different disinfectants in tape water
systems so, it was reported that chlorinated water having oocysts are responsible for an outbreak
of cryptosporidiosis in humans. In 1989, an outbreak was reported in UK where 5000 peoples

were infected with the Cryptosporidium infection, while in the USA more than 400,000 people in

1993 were affected by an outbreak of the Cryptosporidium (Mac Kenzie et al. 1994).
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Diarrheal diseases are one of the most leading cause of morbidity and mortality in
children under 5 years of age throughout of the world (Walker et al. 2013). Exposure to animals,
Poor sanitation and hygienic conditions are the factors responsible for transmission of the
parasitic diseases.( Fletche et al. 2012; Zambrano et al. 2014) and these factors are highly
prevalent in subcontinent where the feces of the domestic animals are dispersed and open
defecation of stools provides a favorable environment for exposure to Cryptosporidium infection
(UNICEF, WHO, 2014).

In the present study, stool samples were collected from human beings and screened out

for presence idium oocyst through simple microscopy and recorded 16.66%

ed by adults (5.55%). In District Bannu, the highest percent
hile the lowest percent prevalence was 15% in District
those reported by different researchers where 21.4%

e v o A @A D EMIGS OLUTIONS

Mohammadi Ghaleh Bin B et al. 2006; Beren|T F et al. 2007, Rhalll et al. 2007., Mirzaei, 2007;

our results are higher than the results reported in northern city of

According to findings observed in the current study, it was reported that the
Cryptosporidium infection is common in children of southern areas of KPK. Our results are also
similar to the findings reported by Al-Hashimi and Al-Najar et al. 2002, Al-Warid et al. 2012; in
Baghdad, where 13.80% and 14.79% prevalence was reported respectively. Our results are also
in agreement with the findings reported by Alsake et al. 2004 and Ali at al. 2013, in Pediatric
Teaching Hospital in Sulaimai where the reported rate of infection was 13.3% and 15.2%

respectively.
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Our results are not agree with the findings reported by Mahdi et al. 1996 where lower rate
of infection (8.8%) was recorded in children and similarly 6.8% prevalence was observed by
Abdullah et al. 2010.

The highest infection rate was reported in veterinary students, small children and
veterinary practitioners having close contacts with animals (Kiang et al. 2006). We also observed
similar findings in the present study where the highest prevalence (20%) was recorded in those
humans having close contacts with the animals while lower prevalence was recorded in those
humans where no direct or indirect contact was observed with the animals.

t prevalence reported by different researchers, may be due to

dy population, considering age range, environmental risk
er), immune and nutritional status of the children & other

style, overcrowding, contact with animals, drinking

In the present study, recorded 47.18% total lymphocytes count in healthy goats while

54.45% was recorded in those goats, which were naturally infected with Cryptosporidium
infection. Our results are similar to the findings reported by Kadria et al. 2015 where WBCs
count (numberx109/L) was 8.41 £ 0.07 in apparently healthy calves while WBCs count was 9.52
+ 0.06 in calves naturally infected with Cryptosporidium infection. Eosinophils count was also
high (6.10%) in those goats that were naturally infected with Cryptosporidium infection while
lower count (2.49%) was recorded in healthy goats and statistically significant difference

(P<0.000) was observed. During every parasitic infestation, there is rise in eosinophil numbers
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which is one of the most well known diagnostic characteristic of parasitic infection and the same
findings were recorded by Jain (1986) where higher numbers of eosinophils were recorded
during Cryptosporidium infection.

In the present study, increased level of Hb was recorded in infected group as compared to
healthy animals and similar results were also reported by Kadria et al. 2015; in ruminants
suffering from Cryptosporidium infection. Our results are also agreed to the findings reported by
Osman and Sadiek, 2008; while in some study reduction was also recorded in the Hb
concentration as reported by El-Dessouk and El-Masry, 2005 which are not similar to our

findings as w urrent study. There are certain factors such as anorexia, anemia,

hemoconcentration and long standing diarrhea are also

tration (Bailey et al. 2004).

results are not agreeing e findings reported by Shobhamani (2005) where low

+ s AOADEMIE SOLUTIONS

cryptosporidiosis. The difference may ors and health

status of the dig Bailey et al. 2004). In the present study, high level of Packed cell

volume (39.22%)™wras"locumented in diseased goats suffering from Cryptosporidium infection
while lower level of PCV (34.41%) was observed in healthy animals. Our results are similar with
the findings reported by Osama and Sadiek (2008) where mean values of PCV showed highly
significant increase in infected group. On statistical analysis, significant difference (P<0.05) was
observed in PCV (%) level in non -infected (healthy) and infected animals.

Similar observations were also reported by Kadria et al. 2015, where highly significant

(p<0.001) increase of PCV (%) was recorded in ruminants suffering from Cryptosporidium

infection.
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5.9.2: Biochemical parameters of goat serum infected with Cryptosporidium infection

There was highly significant(P<0.000) decrease in total protein, albumin and ALP (u/l)(
Alkaline phosphatase) in goats serum suffering from Cryptosporidium infection and similar
findings were also reported by Kadria et al. 2015 in ruminants suffering from Cryptosporidium
infection. With reference to the mean values of total protein and albumin levels, significant
decrease was recorded in ruminants suffering from Cryptosporidium infection in comparison to
the healthy ones. These observations were also supported by some other researchers having
similar findings (Mohge, 1994; Awadala, 1996; El-Dessouky and EI- Masry, 2005).

rotein (gm%) and albumin (gm%) in ruminants suffering from

due to poor absorption of nutrients and breakdown of

albumin ( Maline et al. 1994).

the present study, it was

514), (P>0.689) refA T infe i ls MATE ST INS

(u/l) (Aspartate Aminotransferase) in Serumm or neartny ana arseased goat.

Statistiga

cumented that there was non-significant difference

gnificant (P<0.000) decrease in sodium ions were observed in
iﬁfected goats thamapparently noninfected (healthy) goats while low percent quantity of chloride
ions were recorded while statistically, non-significant difference (P>0.092) was observed. Our
results are similar to the findings reported by El-Dessouky and El-Masry (2005), Osman and
Sadiek (2008) where low level of sodium and chloride ions were recorded in ruminants suffering
from Cryptosporidium infection. These results may be due to excessive loss of sodium and
chloride ions in watery diarrhea (Fadl-Alla; 1989).

There was highly significant increase in potassium, copper, Creatinine and urea level was

recorded in serum of goats suffering from cryptosporidiosis while low level was recorded in
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healthy animals. Statistically significant difference (<0.000) was observed. These observations
are agreed with Tawfik et al. 2004, where highly significant increase was reported in potassium

level in infected animals (cryptosporidiosis).

There was highly significant increase was recorded in copper level in those goats
suffering from Cryptosporidium infection and statistically significant difference (P<0.002) was
observed. Our results are not similar with the findings reported by El-Dessouky and EI-Masry
(2005) where low level of copper was observed in diseased animals. This might be due to

decrease in beta globulin levels which has the capacity to bind with the mineral as reported by

Nasr, 199 a (8.10mg %) and Mg (1.28mg %) ions were reported in
ntity was observed in healthy animals. There was non-

corded in calcium (Ca) level. Similarly, statistically non-

of different allopathic and herbal agents against

In the present study, different drugs were evaluated on the basis of their percent efficacy
on the basis of reduction in OPG, for the purpose to determine drug of choice in our local
community for better treatment of the Cryptosporidial infection in small and large ruminants.
5.10.1 : Azithromycin

A single dose of Azithromycin (10 mg/ kg b.wt) was used against cryptosporidiosis in
naturally infected goats and the efficacy was determined on the basis of reduction in OPG count.

The percent efficacy of Azithromycin was 13.90 %, 29.07 %, 44.87 % and 59.29% at 7, 14th,
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21th and 28™ day post treatment. On statistical analysis, significant difference in OPG reduction
was recorded in relation to time (P>0.000) at different days. But the Azithromycin showed poor
reduction in OPG when compared to other allopathic and herbal drugs and statistically
significant difference (P<0.000) was observed in efficiency of the drug. Similar findings in
relation to the efficacy of different macrolids against cryptosporidiosis were reported by other
researchers such as Tams, 1996; who reported the efficacy of Tylosine against cryptosporidiosis
in dogs. Spiramycin (Galvagno et al. 1993), Clarithromycin (Cama et al. 1994) and
Azithromycin (Elitok et al. 2005) were found to be effective against cryptosporidiosis. On the

basis of statisti an OPG count was same after treatment with the control group

and self-limiting characteristic of the cryptosporidiosis.

e current study, a sing

tpowas ued @ AR D ENHC SOEUTIONS

and caused a significant decrease (P<0-000) T ooCy St pergram (OPS ) at-Ttay post treatment

e of Metronidazole at the dose rate of 50 mg/kg body

respectively. On statistical analysis by two way ANOVA, significant (P<0.000) decrease in

oocyst per gram (OPG) was recorded at day 7', 14", 21th and 28" day post treatment while
statistically non-significant difference (P>0.05) was observed with herbal drug i.e. Allium
sativum. Metronidazole showed poor efficiency than Paromomycin and statistically significant
difference (P<.000) was observed in reduction of OPG. Our findings are very similar to the
observations found by Masood et al. 2013; who reported that Metronidazole is highly efficient
drug in reducing of Cryptosporidium oocysts.

5.10.3 : Allium sativum (Garlic)
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Allium sativum was used at the dose rate of 50mg/ kg body weight as described by
Castro-Hermida et al. 2004. A single dose of Allium sativum caused a significant decrease in
OPG count at 7" day post treatment and onward. At day 7" post treatment, recorded 27.06%
reduction in OPG count. Similarly percent efficacy of Allium sativum was 49.70%, 62.24%, and
77.00% at days 14, 21 and 28, respectively. Statistically significant difference (P<0.000) was
observed at different days while statistically non-significant difference (P>0.05) was observed in
reduction of OPG with Metronidazole. Allium sativum showed better results than Azithromycin
while poor results than Paromomycin and statistically significant difference (P<0.000) was

observed. Our ilar to the findings as reported by Kadria et al. 2015 that garlic is

hnst cryptosporidiosis in ruminants and similar findings were

. The mode of action of Allium sativum against

idiosis as a prophylaxis

s 20 NENDEMIG SOLYTIONS

such as movement, absorption of Tood and Teproguctve. acuvites. suwon and Haik, 1999;

reported the p ytic ® ties and natural killer cell activity which improve the immune

treatment was explained by different researchers.

system activities 3 ake strong the body defense system, increased during the treatment period
by Allium sativum . Adetumbi et al. 1983, reported that Allium sativum blockage the lipid
synthesis by microbes so act as an antimicrobial agent. When Allium sativum was used in HIV
patients for the treatment of cryptosporidiosis by Fareed et al. 1996, complete recovery was
reported in some patients while partial recovery was recorded in others.

In the present study, it was concluded that Allium sativum is one of the excellent

prophylactic and gifted therapeutic agent against the Cryptosporidium infection and similar

suggestions were carried out by Maha Reda Gaafar, 2012 that further investigations should
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carried out to find out applications of garlic as a part of complementary medicine in proper
treatment and management of cryptosporidiosis in animals and humans.
5.10.4 : Paromomycin

During the current therapeutic trials, Paromomycin was used at the dose rate of 100mg/kg
body weight in goats suffering from Cryptosporidium infection and statistically significant
(P<0.000) decrease was observed in Oocyst per gram (OPG) count at 7*" day post treatment and
onward treatment. Post treatment percent efficacy of Paromomycin was calculated at day 7th,
14th, 21th and 28th and recorded 51.77%, 67.08%, 87.54% and 91.77% efficacy respectively in

reduction of basis of statistical analysis, significant difference (P<0.000) was

PG count at different selected days. Paromomycin showed
an all other drugs and statistically significant difference
ere also observed by Tzipori et al. 1994; Verdon et al.

snarling et al. 204 A BN |C SOLUTIONS

Masood et al. 2013, Suggeste IVE and expensive

drug for the tr

also observed by (@ri

osporidiosis based on the clinical trials and similar findings were

Under experimental conditions, Paromomycin was used by Masood et al. 2013; against
Cryptosporidium infection and showed superior results than Metronidazole and Albendazole.
Hahn and Capuano, 2010, recorded that anti-cryptosporidial activities are present in
Paromomycin only.

Paromomycin showed more useful results, when used at the dose rate of 25-35 mg/kg
body weight per day but partial effect upon shedding of oocyst and stool frequency in patients

suffering from AIDS (Chawla et al. 2011). It was concluded that paromomycin is the most
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effective drug for treatment of cryptosporidiosis in human beings. On comparison, the efficacy
of different allopathic and herbal drugs, the maximum reduction in oocyst per gram (OPG) was

observed when paromomycin was used at the dose rate of 100mg per kg body weight of goats.

ACADEMIC SOLUTIONS
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Discussion

CONCLUSIONS

» Cryptosporidiosis is highly prevalent in small ruminants in southern Khyber
Pakhtunkhwa, Pakistan.

» All the studied risk factors were highly significantly associated with Cryptosporidium
infection.

» Molecular technique for detection of Cryptosporidium infection was more precise and
sensitive than simple conventional methods.

» Children were more prone to infection having close contact with small ruminants.

» Cryptosporidium infection was also responsible to alter some hematobiochemical

ective against cryptosporidiosis.
highly prevalent in small children than adults.

lum sativum was highly effective as a herbal drug against cryptosporidiosis.

-+ smatninan e oo MG S THONS

RECOMMENDATIONS,
S dy to find out prevalence of cryptosporidiosis in all vertebrates in

different parts of the country at regular intervals.

» Adaptation of proper effective control measures are necessary to handle with the high
load of Cryptosporidium infection.

» Auvoid direct close contact with small ruminants because the potential source of
cryptosporidiosis.

> Always used the drug of choice against Cryptosporidium infection such as
Paromomycine (allopathic) and Allium sativum (herbal) when needed.

» Proper adaptation to hygienic environment can reduce the prevalence of the disease.

» There is need of further study for proper sequencing and characterization of the
Cryptosporidium at species level
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CHAPTER 6
SUMMARY

Cryptosporidiosis is one of the most important parasitic enteric protozoan infection
affecting all vertebrates. The current study was designed to determine the percent prevalence of
cryptosporidiosis in small ruminants and humans along with associated risk factors.

An overall highest percent prevalence of cryptosporidiosis recorded in all four categories
of small ruminants were 27.22%, 20.56%, 18.33% and 12.22% in lambs, kids, Sheep and goats

respectively.

5%, 18.33% and15% prevalence of the Cryptosporidium

istrict Kohat, Bannu and Lakki Marwat respectively. In the

, the highest rcent prevalence in sheep, was observed in the month of

(36.66%) followed Apr'ﬁ 6%), I/n (26,66% 71:/ J u:ra o§ e
(23.33%), February (OA(Q/% Z(E/M gerﬁ@ Isjth ij !erle$

prevalence was observed #

month of December and January (6.66%). In sheep, season wise

ied where highest prevalence was recorded in summer and
autumn season (23.33%), followed by spring (20%) while the lowest percent prevalence was
found in the winter season (10%). In sheep, age wise percent prevalence was also studied where
highest percent prevalence was found at the age of 1 year (22.38%) followed by 1-2 years
(18.03%) while the lowest at the age of 2-3 years (13.46%). In sheep, sex wise percent
prevalence was also documented where highest percent prevalence was recorded in female
(18.80%) followed by male (17.02%) where lowest percent prevalence was recorded.

In goats, the percent prevalence of the Cryptosporidium infection was also studied in
three selected areas where recorded 6.66%, 11.66% and 18.3% prevalence in District Bannu,

Lakki Marwat and Kohat respectively. Similarly, in goats, overall highest month wise percent
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prevalence was recorded in the month of August (30%), followed by July (23.33%), June (20%),
May (16.66%), March and September (13.33%), April and November (10%), January, February
and October (3.33%) while the lowest percent prevalence was recorded in December (0%). In the
current study, the season wise prevalence was also studied in goats where highest percent
prevalence was recorded in the summer season (20.83%), followed by spring (13.33%), autumn
(11.66%) while the lowest prevalence was observed in winter season (3.33%). The highest age
wise percent prevalence was recorded at the age of 1 year (18.58%) followed by 1-2 years
(10.20%) while the lowest at the age of 2-3 years or above (5.95%). According to the sex wise

percent prevalence was recorded in male (12.30%) while the

prevalence of the Cryptosporidium infection was also

lambs in three areas where 33.33%, 25% and 23.33% prevalence was recorded in

i i AGADBEM IE SOLMTIONS
recorded in the month of AuguSt (46.6%), TOITOWED DY OUIer montns or the year such as July
(40%), April, §

30%), September and October (26.66%), November and January
(20%) while the Towestin the month of February and December (16.66%) in lambs. The Season
wise percent prevalence was recorded in lambs where highest percent prevalence was recorded
in summer season (36.66 %), followed by spring and autumn (26.66%) while the lowest in
winter season (18.33%). According to the age wise percent prevalence in lambs, the highest
prevalence was recorded at the age of 1-15 days (38.09%) followed by 16-30 days (29.41%)
while the lowest at the age of 31-60 days or above (15.15%). In lambs, the highest sex wise

percent prevalence was recorded in females (31.18%) while the lowest percent prevalence was

observed in males (22.98%).
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In kids, overall highest percent prevalence was 20.55% recorded in three selected
districts where the highest prevalence was recorded in District Kohat (23.33%), followed by
District Bannu (20%) while the lowest in District Lakki Marwat (18.33%). In kids the month
wise percent prevalence was also studied where the highest percent prevalence was recorded in
May and August (33.33%), followed by June, July and September (26.66%), March, April and
October (20%), November and December (13.33%) while the lowest percent prevalence was
recorded in the month of the January (6.66%). The Season wise percent prevalence was also
recorded in Kids, where the highest percent prevalence was observed in the summer season

(30%), follow: .33%), spring (20%) while the lowest prevalence was recorded in

e wise percent prevalence in kids was also recorded at the
by 16-30 days (15.38%) while the lowest at the age of

e percent prevalence was also determined in goat kids

o s o GADEMIG-SOLUFIONS

(19.19%).

To conduct , 360 fecal samples of sheep were analyzed for presence of the
éryptosporidium poeysts through simple microscopic method first then confirmed by PCR. DNA
was extracted with the help of DNA extraction kit (Made in USA, GFC vivantis). The targeted
gene of parasite was 18s rRNA which result in amplification of a segment of genomic DNA at
435 bp. The following primers sequence was used for Forward primer: (5-
AAGCTCGTAGTTGGATTTCTG- and reverse primers (5-TAAGGTGCTGAAGGAGTAAGG-
3. An overall molecular percent prevalence of the Cryptosporidium infection was 24.99% in

sheep in three selected zones of southern KPK. The highest molecular percent prevalence was

31.66%, 25% and 18.33% in District Kohat, Bannu and Lakki Marwat respectively.
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The highest season wise molecular percent prevalence was also recorded where the highest
percent prevalence was recorded in the summer (33.33%), followed by autumn (30%), spring
(26.66%) while the lowest in the winter season (13.33%). Molecular percent prevalence was
higher in females (27.08%) than male (25.53%). On the basis of environmental factors, overall
the highest percent prevalence was recorded in the month of August where highest ambient
temperature, relative humidity and heavy rain fall was recorded.

To find out Zoonotic aspect of the Cryptosporidium infection, the overall highest percent
prevalence was recorded in children (16.66%), followed by adults (5.55%).

valence was recorded in diarrhoeic children where direct contact

while the lowest prevalence was recorded in those children

observed.

conduct the therapeutic

e v N CAD EMIC SOLAITIONS

were placed under same feeding and management conarions ana randomly divided into five

aind E. All animals in groups A, B, C and D were treated with

, a total of 50 goats were selected of the same weight

Azithromycin (10mre#g b.wt), Metronidazole (50mg/Kg b.wt), Allium sativum (50mg/Kg b.wt)
and Paromomycin (100mg/kg b.wt) respectively while Group-E was placed as a positive control
group. The highest percent efficacy in reduction of OPG was shown by different drugs such as
Paromomycine (91.77%) followed by Metronidazole (78.20%), Allium sativum (77.00%) while
the lowest percent efficacy was shown by Azithromycin (59.29%). On the basis of
hematological study, lower lymphocytes count was (48.39%) recorded in non-infected animals

while higher (54.33%) count was recorded in infected animals. Similarly higher eosinophil count

was (6.73%) recorded in infected group while lower (50 %) counts were recorded in non-
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infected group. Hb level was higher in infected group than healthy animals. PCV level was
higher (42.94%) in infected animals while low (34.62%) in healthy animals. Biochemical
analysis of the serum showed, higher quantity of total protein, albumin, ALP, Sodium,
Potassium, Chloride, Zinc, Copper, Urea and Creatinine was recorded in infected goats while

lower quantity was observed in healthy goats.

ACADEMIC SOLUTIONS
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ANNEXURE

CHAPTER 8
ANNEXURE

Annexure 1

Composition of PCR Reaction mixture

S.No Reagents Quantity

1 PCR buffer 5ul

2 Deoxy nucleotide triphosphat (ANTPs) 5ul
3 MgCI Sul
5ul

2ul

" Reverse 2ul

De-ionized water 25.5ul

oo ADEMIC-SOLUTIONS

Total Vﬁe of the mixture 50pl
7\

—Q
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ANNEXURE

Annexure 2

Composition of Tank buffer (1.5% Agarose gel electrophoresis)

S.No Chemicals Composition
1 AGAROSE DNA grade
2 10X TAE 0.4 M Tris acetate.20 M EDTA,PH 8
3 Ethidium bromide 10 mg/ml

4 6X DNA loading dye 50% glycerol, 6X TAE, 1% bromophenol blue)

5 DNA ladder mix 10 kb

ACADEMIC SOLUTIONS
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Title of Research: Epidemiology, Molecular detection, Zoonotic potential, Hematology
and chemotherapy of cryptosporidiosis small ruminants in southern KPK.

Basic information:

A

Animal species. Ovines

DEMIC SOLUTIONS

Caprines

Breed P Sex.

e
Seas

Spring D Summer D Autumn D Winter B

Management
1. Feeding: Grazing/browsing D Stall fed D

2. Water source: Deepwell [  Stream [_] Pond ]

3. Colostrum intake: Fed B Deprived B

4. Deworming: Yes D No D
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Environment:

Temperature. °C Humidity.___ 9%, Avg rainfall
Animal History:

Previous infection.

Treatment: Yes [_] No []

Present history:

Body temperature °F. Diarrhea. Present D Absent D

Vet. Services. Availed D Not availed D

D No D Name.
No []

Any home remedy:

Diagnosis.

dings: Color Consistency

— AGADEMIC SOLUTIONS

Lab findings:

Microscopic e @ atio tained films:

PCR results
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