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ABSTRACT

The present study was undertaken to determine the prevalence of Cryptosporidium and
Giardia in pre-weaned and post-weaned dairy calves and to identify management factors
contributing to infection with these parasites. The role of dairy calves as a source of
environmental contamination and identification of the potential risk factors contributing to
the prevalence of the organism in farms was also investigated. A total of 240 animal faecal
samples were collected from 16 farms in Johor, which is in the southern part of Peninsular
Malaysia. The selected farms were situated in two districts within the state with high dairy
cattle populations. Faecal samples were screened using PCR amplification and sequence
analysis of the 18S ribosomal RNA (rRNA) locus for both parasites. Cryptosporidium
isolates were further analysed at a diagnostic qPCR locus and the hypervariable glycoprotein
(GP60). Giardia isolates were also analysed at the glutamate dehydrogenase (gdh) locus.
PCR amplification detected 65 Cryptosporidium positives giving a total prevalence of 27.1%
(95% CI: 21.5%, 32.7). Twelve of the 16 farms were positive for Cryptosporidium with an
overall farm prevalence of 75% (95% CI: 53.8%, 96.2%). The pre-weaned calf prevalence at
30.8% (95% CI: 22.6%, 39.1%), was similar to post-weaned calf prevalence at 23.3% (95%
CI: 15.8, 30.9%) (χ2=1.92, df=1,1, P=0.17). Phylogenetic analysis of 53 of the 65 positives,
identified nine samples as C. parvum, fourteen samples as C. andersoni, sixteen samples as
C. bovis, ten samples as C. ryanae and four isolates as mixed infections. Subtyping analysis
of eight of the 12 C. parvum isolates at the GP60 locus identified five isolates as IIdA15G1,
one was IIa18A3R1 and two isolates as IIa17G2R1
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PCR amplification detected 30 Giardia positives giving a total prevalence of 12.5% (95% CI:
8.3%, 16.7%). Eleven out of the 16 farms were positive for Giardia with an overall farm
prevalence of 68.8% (95% CI: 46%, 91.5%). The prevalence in pre-weaned calves was
16.8% (95% CI: 10.1, 23.5%) and the prevalence in post-weaned calves was 8.3% (95% CI:
3.4, 13.2%) (χ2=4, df=1,1, P=0.04). Sequence analysis of 25 isolates identified all of them as
G. duodenalis Assemblage E (Livestock genotype). The present study identified mixed
infections in 3.8%, (95% CI: 1.3, 6.3%) of dairy calves.

There was no association between farming systems (intensive or semi intensive) and
Cryptosporidium prevalence. Intensive farms had an overall prevalence of 31.7% (95% CI:
23.3, 40%), similar to semi intensive farms; 22.5%, (95% CI: 15, 30%) (χ2=2.55, df=1,1,
P=0.11). The prevalence of Cryptosporidium species in pre-weaned calves was 28% for C.
parvum and C. bovis respectively, followed by C. andersoni (22%); C. ryanae (13%) and
mixed sp. (9%). The prevalence of Cryptosporidium species in post-weaned calves was 35%
for C. bovis followed by C. andersoni and C. ryanae (30% each) and mixed sp. (5%).
Cryptosporidium parvum was only detected in pre-weaned calves. It was only isolated from
calves less than one and four-months old, with the highest peak at 33.3%, (95% CI: 14.5,
52.2%) detected in calves aged less than one-month old (χ2=66.1, df=1,9, P=0.0001).
The prevalence of Giardia sp. in semi intensive farms was 14.2% (95% CI: 7.9, 20.4%) and
was similar to intensive farms; 10.8% (95% CI: 5.3,16.4%) (χ2=2.55, df=1,1, P=0.11). The
prevalence of Giardia infection was twice as high in pre-weaned calves at 16.8% (95% CI:
10.1, 23.5%) compared to weaned calves at 8.3% (95% CI: 3.4, 13.2%) (χ2=4.0, df=1,1,
P=0.04).
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Management factors that increased the risk of Cryptosporidium infection were keeping preweaned calves in pens with slatted floors, having other cattle farms close by, keeping postweaned calves in pens with a sand floor and feeding calves with saleable milk. Management
factors that decreased the risk of Cryptosporidium infection included frequent treatment with
antibiotics and anti-diarrheal drugs such as kaolin pectin, frequent deworming and washing
the feeding utensils with disinfectant.

Management factors which increased the risk of Giardia infection included keeping weaned
calves in pens with sand floors, calf age (i.e. calves younger than 5 months old were at a
higher risk of infection) and more frequent use of anthelmintics. Management factors which
decreased the risk of Giardia infection were keeping pre-weaned calves in pens with concrete
floors and calving in single cow calving areas.

Manipulating these factors should help control the level of infection and may control the
disease. This is the first epidemiological study done in Malaysia to identify management
factors which contribute to infection and is the first study done to identify the subtype of
zoonotic C. parvum in dairy calves.

iv

ACKNOWLEDGEMENTS

To my supervisor, Associate Professor Una Ryan, thank you for accepting me as your
student. I feel very privileged to have such an amazing person as yourself as my supervisor.
Thank you for your patience, kindness and understanding and most importantly thank you for
believing in me. To my co-supervisor, Associate Professor Ian Robertson, thank you for
guiding me through the statistical analysis of my data.

I would like to sincerely thank my colleges, Josephine Ng, Rongchang Yang, Linda McInnes,
Gunn Kaemongwul, Josh Sweeney and Daniela for their friendship and technical advice. To
Frances Briggs from the SABC, thank you for your help with sequencing and PCR
troubleshooting. To Siti Zubaidah Ramanoon, thank you for your assistance with the
completion of my statistical analysis for my project. Thank you to all staff in the Regional
Veterinary Laboratory, Johor Bahru, for directly or indirectly helping me to collect the
samples, purify the faecal samples and slide preparation.

This project would not have been possible without the participation of the Head of the Milk
Collecting Centre of Johor Bahru and Kluang and the farmers that were willing to be
involved in my project.

Finally, I would like to thank my family and friends for their love, support and understanding.
Thank you to my dear husband Rosle for your words of encouragement and your patience.

v

ABBREVIATION
ANOVA

Analysis of Variance

CI

Confidence Interval

COWP

Cryptosporidium oocyst wall protein

DMSO

Dimethyl sulfoxide

DNA

Deoxy nucleic acid

EDTA

Ethylenediamine tetraacetic acid

gdh

Glutamate dehydrogenase

GP60

60kDa glycoprotein

ITS

Internal Transcribed spacer

min

Minute

mM

Milimole

OR

Odds ratio

PBS

Phosphate buffered saline

PCR

Polymerase chain reaction

qPCR

Quantitative polymerase chain reaction

RFLP

Restriction fragment length polymorphism

rDNA

Ribosomal deoxy nucleic acid

RNA

Ribo nucleic acid

rRNA

Ribosomal ribonucleic acid

SPSS

Statistical package for the Social Sciences

TAE buffer

Tris-Acetate-EDTA buffer

μg

Microgram

μL

Microlitre

μM

Micron

VIF

Variable Inflation factor

vi

Contents
CHAPTER 1:

INTRODUCTION ........................................................................................................................1

1.1 GENERAL INTRODUCTION ................................................................................................................... 1
1.2 CRYPTOSPORIDIUM ............................................................................................................................ 7
1.2.1 TAXONOMY ................................................................................................................................. 7
1.2.2 LIFECYCLE AND MORPHOLOGY ................................................................................................... 11
1.2.3 DIAGNOSIS................................................................................................................................. 12
1.2.4 CLINICAL AND PATHOLOGICAL FEATURES ................................................................................... 14
1.2.5 EPIDEMIOLOGY .......................................................................................................................... 15
1.2.6 ZOONOTIC IMPLICATIONS .......................................................................................................... 17
1.2.7 TREATMENT AND CONTROL ....................................................................................................... 31
1.3 GIARDIA............................................................................................................................................ 34
1.3.1 TAXONOMY ............................................................................................................................... 34
1.4 LIFECYCLE AND MORPHOLOGY .......................................................................................................... 37
1.4.1 DIAGNOSIS................................................................................................................................. 38
1.4.2 CLINICAL AND PATHOLOGICAL FEATURES ................................................................................... 39
1.4.3 EPIDEMIOLOGY .......................................................................................................................... 40
1.4.4 ZOONOTIC IMPLICATIONS .......................................................................................................... 41
1.4.5 TREATMENT AND CONTROL ....................................................................................................... 45
1.5 AIMS AND OBJECTIVES ...................................................................................................................... 46
CHAPTER 2:

MATERIALS AND METHODS .................................................................................................... 47

2.1 STUDY POPULATION ......................................................................................................................... 47
2.2 SURVEY DESIGN ................................................................................................................................ 48
2.3 DESIGN OF THE QUESTIONNAIRE. ...................................................................................................... 51
2.4 COLLECTION OF SAMPLES ................................................................................................................. 52
2.5 FAECAL PROCESSING ......................................................................................................................... 52
2.5.1 CONCENTRATION AND PURIFICATION OF CRYPTOSPORIDIUM OOCYSTS ..................................... 52
2.5.1.1 Ether PBS Sedimentation ......................................................................................................... 52
2.5.2 CONCENTRATION AND PURIFICATION OF GIARDIA CYSTS ........................................................... 53
2.5.3 STAINING FOR CRYPTOSPORIDIUM OOCYSTS .............................................................................. 53
2.5.4 STAINING FOR GIARDIA. ............................................................................................................ 54
2.6. DETECTION OF (OO)CYSTS ................................................................................................................ 54
2.7 EXTRACTION OF GENOMIC DNA ........................................................................................................ 55
2.8 POLYMERASE CHAIN REACTION (PCR) AMPLIFICATION AND SEQUENCING ......................................... 55
2.8.1 18S rDNA AMPLIFICATION FOR CRYPTOSPORIDIUM SP. .............................................................. 55
2.8.2 qPCR FOR CRYPTOSPORIDIUM SP. ............................................................................................. 56
2.8.3 GLUTAMATE DEHYDROGENASE GENE (gdh) AMPLIFICATION FOR GIARDIA SP. .......................... 57
2.8.4 18S rDNA GENE AMPLIFICATION FOR GIARDIA SP. ...................................................................... 58
2.8.5 GP60 Amplification .................................................................................................................... 59
2.8.6 AGAROSE GEL ELECTROPHORESIS............................................................................................... 59
2.8.7 PURIFICATION OF PCR PRODUCTS .............................................................................................. 60
2.8.8 SEQUENCING OF PCR PRODUCTS................................................................................................ 60
2.8.9 POST SEQUENCING PURIFICATION ............................................................................................. 61
2.8.10 SEQUENCE AND PHYLOGENETIC ANALYSIS ............................................................................... 61
2.9 DATA ANALYSES ................................................................................................................................ 62

vii

CHAPTER 3:

RESULTS AND DISCUSSION...................................................................................................... 68

3.1 DESCRIPTIVE ANALYSIS.................................................................................................................. 68
3.2 CRYPTOSPORIDIUM........................................................................................................................... 72
3.2.1 PREVALENCE OF CRYPTOSPORIDIUM. ......................................................................................... 72
3.2.2 PHYLOGENETIC ANALYSIS OF CRYPTOSPORIDIUM ISOLATES AT THE 18S LOCUS. ......................... 79
3.2.3 SUBTYPING OF C. PARVUM ISOLATES AT THE GP60 LOCUS. ........................................................ 81
3.3 GIARDIA............................................................................................................................................ 82
3.3.1 PREVALENCE OF GIARDIA ........................................................................................................... 82
3.3.2 PHYLOGENETIC ANALYSIS OF GIARDIA ISOLATES......................................................................... 86
3.4 CONCURRENT CRYPTOSPORIDIUM AND GIARDIA INFECTIONS............................................................ 86
3.5 MANAGEMENT RISK FACTORS FOR THE PREVALENCE OF CRYPTOSPORIDIUM AND GIARDIA IN DAIRY
CALVES....................................................................................................................................................... 87
3.5.2 MANAGEMENT RISK FACTORS LINKED TO CRYPTOSPORIDIUM IN DAIRY CALVES ........................ 87
3.5.3 MANAGEMENT RISK FACTORS LINKED TO GIARDIA IN DAIRY CALVES .......................................... 96
3.6 DISCUSSION .................................................................................................................................... 104
3.6.1 CRYPTOSPORIDIUM SPECIES..................................................................................................... 105
3.6.2 GIARDIA SPECIES ...................................................................................................................... 110
3.6.3 CONCURRENT CRYPTOSPORIDIUM AND GIARDIA INFECTIONS .................................................. 112
3.6.4 RISK FACTORS .......................................................................................................................... 113
3.7 TECHNICAL DIFFICULTIES................................................................................................................. 119
CHAPTER 4:
4.1
4.2
4.3
4.4
4.5
4.6
4.7
4.8

GENERAL DISCUSSION........................................................................................................... 121

OVERVIEW ...................................................................................................................................... 121
RELEVANCE OF STUDY ..................................................................................................................... 122
CONTRIBUTION OF THE STUDY ........................................................................................................ 123
FINDINGS OF THE STUDY IN RELATION TO THE AIMS ........................................................................ 124
MANAGEMENT STRATEGIES ............................................................................................................ 128
LIMITATIONS OF THE PRESENT STUDY ............................................................................................. 133
FUTURE STUDIES ............................................................................................................................. 134
CONCLUSIONS ................................................................................................................................ 135

REFERENCES................................................................................................................................................. 137
APPENDIX 1 ................................................................................................................................................. 157
APPENDIX 2 ................................................................................................................................................. 178
APPENDIX 3 ................................................................................................................................................. 180
APPENDIX 4 ................................................................................................................................................. 183
APPENDIX 5 ................................................................................................................................................. 185

viii

CHAPTER 1: INTRODUCTION

1.1 GENERAL INTRODUCTION
Numerous epidemiological studies of Cryptosporidium and Giardia infection have been
carried out in domestic animal mostly in cattle worldwide. Most studies showed that the
prevalence of Cryptosporidium and Giardia was higher in dairy cattle compared to beef
cattle. The cumulative prevalence of Cryptosporidium and Giardia infection in dairy calves
can reach 100% (Xiao and Herd, 1994; O'Handley et al., 1999; O'Handley, 2002). In
Malaysia, Cryptosporidium and Giardia have been investigated in animal populations
(including cattle, goats, lambs, rodents, birds, dogs and deer-mice), humans (aborigines, rural
populations and immunosuppressed patients), rivers, well water and raw water from drinking
water treatment plants (Ahmad et al., 1997; Lim et al., 1997; Lim and Ahmad, 1998;
Norhayati et al., 1998; Lim et al., 1999; Menon et al., 1999; Menon et al., 2001; Farizawati et
al., 2005; Lim et al., 2005; Lim et al., 2007; Mahdy et al., 2007a; Mahdy et al., 2007b; Lim et
al., 2008b; Lim and Ahmad, 2004). Studies have revealed that Cryptosporidium and Giardia
(oo)cysts are frequently detected in rivers and lakes and have also been detected in treated
drinking water (Lim and Ahmad, 1998; Lim et al., 1999; Farizawati et al., 2005; Azman J et
al., 2009; Lim and Ahmad, 2004). Giardia cysts and Cryptosporidium oocysts were isolated
from 66.7% and 5.6% respectively from water samples, collected from a river located nearby
to an Orang Asli (aborigine) community (Lim and Ahmad, 2004). Epidemiological studies
identified poverty, poor personal hygiene and lack of proper sanitation (lack of sewage
systems) as factors playing major roles in the high prevalence of giardiasis (Mahdy et al.,
2008). Infected livestock have often been blamed as sources of contamination for waterborne
outbreaks of cryptosporidiosis and giardiasis (Fayer et al., 2000a; Thompson, 2004). Limited
1

studies have been conducted in Malaysia to investigate the role of animals especially dairy
cattle in the transmission of the infection (Farizawati et al., 2005; Halim et al., 2008).
Therefore one of the aims of the present study was to investigate the role of livestock in
contamination of rivers that couldlead to Cryptosporidium and Giardia infection in humans.

During the past decade, G. intestinalis and Cryptosporidium have emerged as important
enteric protozoa of public health significance in Malaysia due to their association with
childhood malnutrition, diarrhoea and abdominal pain in immunocompetent individuals and
mortality in immunosuppressed patients especially AIDS patients and also due to waterborne
outbreaks resulting from Cryptosporidium and Giardia contamination (Mahdy et al., 2007a;
Mahdy et al., 2007b). Many studies in Malaysia reported high rates of cryptosporidiosis and
giardiasis in humans especially in children and AIDS patients (Norhayati et al., 1998; Menon
et al., 1999; Menon et al., 2001; Al-Mekhlafi et al., 2005; Lim et al., 2008a; Zaidah et al.,
2008). Giardiasis is an endemic disease in Malaysia primarily affecting children (2.6% to
25% prevalence) and is also use as a predictor of malnutrition (Lim et al., 1997; Norhayati et
al., 1998; Al-Mekhlafi et al., 2005).

The first reported outbreak of waterborne cryptosporidiosis was in 1984 in San Antonia,
Texas (D'Antonio et al., 1985) and the biggest outbreak was in 1993 in Milwaukee, with over
403,000 individuals infected and killed more than 100 with weakened immune systems
(MacKenzie et al., 1994). Cryptosporidiosis has a higher incidence in developing countries
especially in children, malnourished individuals, immunocompromised individuals (AIDS),
institutionalized patients and immunosuppressed patients (Fayer et al., 2000a). In developing
countries, Cryptosporidium infection mostly infects chidren less than 5 years old and peaks
2

for children less than 2 years old. However in industrialised countries, cryptosporidiosis also
occurs in adults due to foodborne or waterborne outbreaks (Xiao and Ryan, 2004b).
Currently, nitazoxanide (NTZ) is approved for treatment of cryptosporidiosis in children and
immunocompetent adults in the U.S.A., however NTZ is not effective without an appropriate
immune response and is therefore ineffective against immunocompromised individuals
(Gargala, 2008).

Currently 21 different species of Cryptosporidium and over 40 genotypes are recognized,
with new genotypes continually being identified (Table 1.1). Of these, C. hominis and
C.parvum are responsible for most human infections (Xiao and Fayer, 2008). There are six
recognised species of Giardia with Giardia duodenalis being the species infecting humans.
Within Giardia duodenalis there are seven distinct genotypes/assemblages (A to G) based on
genetic analyses. Assemblages A and B are associated with human infections, assemblage C
and D have been identified in dogs, cats, coyotes and wolves, assemblage E in cattle, sheep,
goats, pigs, water buffaloes and muflons, and assemblages F and G in cats and rats,
respectively (Caccio et al., 2005; Caccio and Ryan, 2008).

Cryptosporidium and Giardia infections have been reported in cattle from many countries
with varying prevalence (Fayer et al., 2000b; Santin et al., 2004). Most studies of
Cryptosporidium and Giardia in cattle have been conducted using morphological
identification of (oo)cyst in faeces (Quilez et al., 1996; Wade et al., 2000; Castro-Hermida et
al., 2002) or immunofluorescence microscopy (Xiao et al., 1993; Xiao and Herd, 1994; Olson
et al., 1997a; Fayer et al., 2000b). Both methods can provide generalized prevalence data,
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however neither method is sufficient to identify species or genotypes of Cryptosporidium and
Giardia (Fayer et al., 2000a; Egyed et al., 2003; Monis and Thompson, 2003).

Molecular approaches can identify the species/genotype and assist in the identification of host
specificity and the contribution of humans and livestock as reservoirs of infection (Caccio et
al., 2005). Different molecular assays have been used such as PCR, nested PCR, sequencing,
PCR followed by restriction fragment length polymorphism (PCR-RFLP), real-time PCR,
microarrays, fragment typing and heteroduplex mobility assays. Nested PCR is the most
common method to identify Cryptosporidium and Giardia infection. Nested PCR involves
two sets of primers, used in two successive runs of PCR, with the second set intended to
amplify a target internal to the first PCR product. This will ensure little contamination in the
product from the second PCR from unwanted products such as primer dimers, hairpins, and
alternative primer target sequences. Thus the second round of amplification with internal
primers increases PCR specificity and sensitivity (Carey et al., 2004). Studies on
environmental samples showed that nested PCR increased the sensitivity of detection of
spiked C.parvum oocysts two to three fold in filtered water, as compared to only one primary
round of PCR (Kostrzynska et al., 1999).

Molecular prevalence studies have been conducted to differentiate species and genotypes
/subgenotype of Cryptosporidium and Giardia to better understand the disease transmission
and zoonotic implications of the infection (O'Handley et al., 2000b; Becher et al., 2004;
Sant'in et al., 2004; Fayer et al., 2006b; Coklin et al., 2007; Fayer et al., 2007; Geurden et al.,
2007a; Langkjaer et al., 2007; Mendonca et al., 2007; Nguyen et al., 2007; Plutzer and
Karanis, 2007; Souza et al., 2007; Halim et al., 2008; Paul et al., 2008; Pirestani et al., 2008;
4

Santin et al., 2008; Wielinga et al., 2008; Brook et al., 2009; Santin et al., 2009). Molecular
techniques target different loci/amplification site depending on the purpose of study and
whether species, genotypes and or subgenotype are required to be identified (Fayer et al.,
2000a; Carey et al., 2004; Jex et al., 2008; Xiao and Fayer, 2008). The amplification
target/loci for commonly used for Cryptosporidium are 18S ribosomal DNA (18S rDNA), 70
kDa heat shock protein (hsp70), the Cryptosporidium oocyst wall protein (COWP), Actin, ßtubulin, 60 kDa glycoprotein (gp60), microsatellites, minisatellites and extrachromosomal
double-stranded RNA (Caccio et al., 2005; Jex et al., 2008). The amplification targets for
Giardia species are 18S ribosomal DNA (18S rDNA), the glutamate dehydrogenase gene
(gdh), the triose phosphate isomerase gene (tpi), ß-giardin, elongation factor 1 α (EF-1α) and
G. duodenalis open reading frame C4 (GLORF-C4) (Caccio et al., 2005).

Recent molecular studies have indicated that cattle are infected with at least five
Cryptosporidium parasites; C. parvum, C. bovis, C. andersoni and C. ryanae (previously
Cryptosporidium deer like genotype) and C. suis (Fayer et al., 2008). Two Giardia
duodenalis genotypes (Assemblage A and Assemblage E) have been identified in cattle
(Sant'in et al., 2004; Trout et al., 2005).

Although numerous prevalence studies have been carried out in many countries, few have
studied infection in post-weaned or adult cattle (Fayer et al., 2000b; Fayer et al., 2007). The
majority of studies, have concentrated on young calves (Quilez et al., 1996; Olson et al.,
1997a; Maldonado-Camargo et al., 1998; O'Handley et al., 2000b; Wade et al., 2000; Huetink
et al., 2001; Becher et al., 2004; Trout et al., 2004, 2005; Geurden et al., 2006a; Hamnes et
5

al., 2006; Coklin et al., 2007; Mendonca et al., 2007; Trotz et al., 2007; Brook et al., 2008;
Paul et al., 2008; Sant'in et al., 2008). Several studies were undertaken on farms that had a
previous history of diarrhea (Xiao et al., 1993; Xiao and Herd, 1994; Nguyen et al., 2007;
Paul et al., 2008). Risk factor studies that were conducted on these farms focussed mainly on
management factors at the herd level (Maldonado-Camargo et al., 1998; Mohammed et al.,
1999; O'Handley et al., 2000b; Hamnes et al., 2006; Maddox-Hyttel et al., 2006). Crosssectional studies have also been conducted to determine the relationship between diarrhoea
and shedding of Cryptosporidium and Giardia sp. (Quilez et al., 1996; Olson et al., 1997b;
Wade et al., 2000; Huetink et al., 2001; Geurden et al., 2006a; Hamnes et al., 2006; Singh et
al., 2006; Nguyen et al., 2007; Paul et al., 2008; Winkworth et al., 2008).

In Malaysia, little is known about Cryptosporidium and Giardia sp. in cattle. A recent study
on a small number of isolates (n = 50) has shown that Cryptosporidium is prevalent in cattle
in Malaysia and that C. parvum is the most common species (Halim et al., 2008). However,
no prevalence studies have been conducted in different localities and between farms with
different management factors. The aim of the present study is to determine the prevalence,
genotypes and management factors related to Cryptosporidium and Giardia infections in preweaned and post-weaned dairy cattle in Malaysia.
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1.2 CRYPTOSPORIDIUM
1.2.1 TAXONOMY
1.2.1.1 Discovery of Cryptosporidium
The genus Cryptosporidium was first discovered by Edward E. Tyzzer who described a
coccidian-like organism, which he named C. muris, in the stomach of laboratory mice in
1907 (Tyzzer, 1910). Later, in 1912 he discovered a second isolate in the small intestine of
mice with smaller oocysts, which he named Cryptosporidium parvum to differentiate its
intestinal origin (Tyzzer, 1912). It was not until the description of Cryptosporidium
meleagridis in turkeys in 1955 (Slavin, 1955) and the identification of Cryptosporidium in
diarrheic calves in 1971 (Panciera et al., 1971) that infections with this organism were
associated with morbidity and mortality.

1.2.1.2 Current Taxonomic Classification
Until recently, Cryptosporidium was classified as belonging to the family Cryptosporidiidae,
Suborder Eimeriorina and order Eucoccidiorida (Levine, 1984), which also includes in its
ranks Toxoplasma, Cyclospora, Isospora and Sarcocystis (Smith et al., 2005). However,
mounting evidence points to Cryptosporidium being related more to gregarines (a primitive
apicomplexan group of parasites) than to coccidians. Molecular studies based on the small
subunit (SSU) rRNA and β-tubulin have shown that Cryptosporidium and gregarines form a
distinct clade separate from other apicomplexan groups including coccidians (Morrison and
Ellis, 1997; Carreno et al., 1999; Leander et al., 2003). The occurrence of extracellular
gregarine-like gamont stages in the lifecycle of Cryptosporidium and the ability of
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Cryptosporidium to complete its life cycle in host cell-free media also provides support for
this theory (Hijjawi et al., 2002; Hijjawi et al., 2004; Rosales et al., 2005).

Currently 21 species of Cryptosporidium are regarded as valid (Table 1.1) and over 40
genotypes have been identified with new genotypes continually being identified.
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Table 1.1: Recognized species in the genus Cryptosporidium.
Species

Major
Host

C. hominis

humans

C. parvum

humans,
livestock

C. meleagridis

Minor Host

Site of
infection

References

dugongs, sheep,
cattle
horse, alpaca,
dog, mouse,
raccoon dog,
eastern squirrel

small intestine

(Morgan-Ryan et al., 2002)

small intestine

birds,
humans

dog, deer mouse

small intestine

C. fayeri

Red
kangaroo

Yellow-footed
rock wallaby,
Koala, Western
barred bandicoot

unknown

(Tyzzer, 1912; Morgan et
al., 1999c; Grinberg et al.,
2003; Hajdusek et al., 2004;
Matsubayashi et al., 2004;
Chalmers et al., 2005b;
Giangaspero et al., 2006;
Starkey et al., 2007;
Twomey et al., 2008)
(Slavin, 1955; Morgan et al.,
2000a; Pedraza-Diaz et al.,
2000; Guyot et al., 2001;
Xiao et al., 2001; Gatei et
al., 2003)
(Morgan et al., 1997;
Morgan et al., 1999b; Power
et al., 2003; Ryan et al.,
2008)

C. marcopodum

Eastern
grey
kangaroo

Western grey
kangaroo, red
kangaroo,
swamp wallaby

unknown

(Power and Ryan, 2008)

C. bovis

cattle

sheep

small intestine

(Fayer et al., 2005)

C. ryanae

cattle

small intestine

(Fayer et al., 2008)

C. suis

pigs

humans, cattle

small intestine

(Ryan et al., 2004)

C. felis

cats

humans,cattle

small intestine

(Iseki, 1979; Morgan et al.,
2000a)

C. canis

dogs, fox,
coyote

humans

small intestine

(Fayer et al., 2001; Satoh et
al., 2006; Huber et al., 2007;
Rimhanen-Finne et al.,
2007)

C. wrairi

Guinea pigs

small intestine

(Vetterling et al., 1971)

C. baileyi

poultry

wide variety of
bird species

bursa

(Current et al., 1986)

C. galli

finches,
chickens

Capercailles,
Pine grosbeaks
and others.

proventriculus

(Pavlasek, 1999; Ryan et al.,
2003b)

C. muris

rodents

hamster,
squirrel,

stomach

(Tyzzer, 1910; Sant'in et al.,
2006; Pavlasek and Ryan,
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Species

Major
Host

C. andersoni

cattle

C. fragile

Minor Host

Site of
infection

Siberian
chipmunk, wood
mouse, bank
vole, rock hyrax,
Bactrian camel,
mountain goat,
cat, coyote,
ringed seal,
bilby,
cynomolgus
monkey, tawny
frogmouth
sheep, Bactrian
camel, gerbil,
multimammate
mouse, wood
partridge

References
2007; Rimhanen-Finne et
al., 2007)

abomasum

(Lindsay et al., 2000)

frogs
(Blackspined
toad)

stomach

(Jirku et al., 2008)

C. serpentis

snakes,
lizards

stomach

(Levine, 1980)

C. varanii

lizards

snakes

stomach and
small intestine

(Pavlasek et al., 1995;
Koudela and Modry, 1998;
Hajdusek et al., 2004; Xiao
et al., 2004b; Plutzer and
Karanis, 2007 ; Pavlasek
and Ryan, 2008)

fish
gilthead sea
bream
(Sparus
aurata L.)
fish
The turbot
(Scophthal
mus
maximusL.)
Sheep
(Ovis aries)

European sea
bass

stomach

(Alvarez-Pellitero and SitjaBobadilla, 2002)

intestine

(Alvarez-Pellitero et al.,
2004 )

intestine

(Fayer and Sant'in, 2009)

(syn. C.
saurophilm)

C. molnari

C. scophthalmi

C. xiaoi

yak, goat
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1.2.2 LIFECYCLE AND MORPHOLOGY
Cryptosporidium has a complex life cycle involving both asexual and sexual stages and is
completed in an individual host (Monis and Thompson, 2003). The Cryptosporidium oocyst,
containing four naked sporozoites is excreted in the faeces. After oocysts are ingested via
contaminated water or food, from fomites, or from direct contact with infected persons or
animals, the oocyst undergoes excystation, releasing four sporozoites in the small intestine
which invade epithelial cells (Reduker and Speer, 1985; O'Donoghue, 1995). Excystation is a
poorly understood process potentially triggered by both parasite and host-derived components
(Smith et al., 2005). The sporozoites attach to the luminal surface of epithelial cells and
differentiate asexually into trophozoites which undergo merogony (asexual proliferation) to
produce two different types of meronts (Current et al., 1983; Iseki et al., 1989; O'Donoghue,
1995). Type I meronts form eight merozoites, which enter other epithelial cells and either
develop into type II meronts or complete another cycle of type I meronts (Carey et al., 2004).
Type II meronts produce four merozoites which form gamonts, the microgamonts (male
gametes) and macrogamonts (female gametes) (O'Donoghue, 1995; Hijjawi et al., 2004)
(Figure 1.1). Fertilization between gamonts results in formation of a zygote which develops
into a sporulated oocyst containing four sporozoites (O'Donoghue, 1995; Tzipori and Ward,
2002). Two types of oocysts are produced, thick walled oocysts which are excreted in the
faeces and thin walled oocysts which are involved in auto-infection (i.e. infection of the same
individual host) (Current et al., 1983; O'Donoghue, 1995; Hijjawi et al., 2004).
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Fig 1.1: Diagrammatic illustration of the life cycle of C. parvum in host cell-free medium (Hijjawi et
al., 2004).

Studies conducted by Hijjawi et al., (2002), identified novel extracellular stages of C. parvum
and C. andersoni after 72 h of culturing in HCT-8 cells. Where these stages fit into the life
cycle is unclear but these extracellular stages resemble similar stages in gregarines,
reconfirming the close relationship between Cryptosporidium and the gregarines.

1.2.3 DIAGNOSIS
1.2.3.1 Detection in faecal samples
Conventional detection methods include concentration and staining of faecal smears. The
staining methods most commonly used are the modified Ziehl – Nelson acid-fast stain and
modified Kinyoun‘s acid-fast stain (Garcia and Ash, 1979; Henriksen and Pohlenz, 1981).
Differential staining methods such as Safranin–methylene blue are also used (Baxby et al.,
12

1984). Acid-fast staining stains the oocyst red and a counter-stain is used for the background,
however, it is time consuming, laborious, complex and oocyst-like structures such as yeasts
can sometimes take up the stain (Baxby et al., 1984; Smith et al., 1989). Negative staining
techniques with nigrosin (Pohjola, 1984), light green, merbromide (Chichino et al., 1991) and
malachite green (Elliot et al., 1999), stain background yeasts and bacteria but not oocysts.
Negative stain methods are faster but some consider them less sensitive than conventional
staining (Casemore et al., 1985). These techniques, despite being noninvasive, cannot
distinguish between different species of Cryptosporidium (Morgan et al., 1997).

Immunological based antigen detection methods including indirect fluorescence antibody
tests (IFAT) (Arrowood and Sterling, 1989; Casemore, 1991), enzyme linked immunosorbent
assays (ELISA) and passive agglutination (Casemore, 1991), have also been developed,
however, antibody cross-reaction and the costs associated with such techniques have limited
their use (Xiao et al., 2004a).

1.2.3.2 Molecular detection techniques
The advent of molecular characterisation and the polymerase chain reaction (PCR) have
overcome the limitations of previous tests and also provides vastly increased power for
diagnostic taxonomic studies of Cryptosporidium (Xiao et al., 2004a). PCR allows swift,
cheap, repeatable and highly accurate examination, with the ability to analyse large sample
numbers (Fayer et al., 2000a). A variety of gene loci are used in current DNA diagnostics and
taxonomy of Cryptosporidium, including the small subunit (SSU) rRNA (also known as 18S
rRNA) (Morgan et al., 1997; Morgan et al., 1999a; Patel et al., 1999; Xiao et al., 1999; Coupe
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et al., 2005), the heat shock protein (HSP 70 gene) (Sulaiman et al., 2000; Coupe et al.,
2005), the Cryptosporidium outer wall protein (COWP) gene (Spano et al., 1997; Patel et al.,
1999), the gene for thrombospondin-related adhesive protein of Cryptosporidium-1 (TRAPC1) (Spano et al., 1998), and the actin gene (Sulaiman et al., 2002). Multilocus analyses are
preferred in phylogenetic studies, as not all genetic loci are free of the influence of selection
and the rate of gene evolution may not be the same for all members tested (Sulaiman et al.,
2002).

1.2.4 CLINICAL AND PATHOLOGICAL FEATURES
The severity of clinical signs depends on the age, health and genetic background of the
infected host, the environment, genotype and infective dose of the parasite (Xiao and Fayer,
2008). Clinical cryptosporidial infection in calves is usually characterised by pale yellow to
profuse watery diarrhea, depression, anorexia and abdominal pain. Calves begin shedding
Cryptosporidium as early as 2 days of age, but peak shedding occurs at ~ 14 days (Becher et
al., 2004).The severity and duration of symptoms are variable, with infections commonly
observed in animals housed in overcrowded conditions. However, oocysts still can be shed in
domestic animals without the presence of clinical signs (Thompson et al., 2008). The prepatent period ranges from 7- 8 days in calves (Taminelli et al., 1989).
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1.2.5 EPIDEMIOLOGY
1.2.5.1 Distribution and Prevalence
Numerous epidemiological studies have been done worldwide on Cryptosporidium infection,
particularly on cattle. The overall and herd prevalence in dairy cattle has been reported to
range from 0 to 100% (see Table 1.2).
Table 1.2: Prevalence of Cryptosporidium species in cattle.
Country

Animal
type

Animal group

Total
no. of
samples

Diagnostic
Method

Prevalence
Overall Herd

References

Northeastern
Spain
Czech
Republic

dairy and
beef cattle
dairy and
beef cattle

all ages

554

19.7%

7021

(Quilez et
al., 1996)
(Kvac et
al., 2006)

Canada

dairy cattle

pre-weaned
and postweaned calves
(1 day-12
months)
all ages

Modified Ziehl Neelsen
Aniline–carbol–
methyl violet
staining

27.3%

North
Western
Spain

dairy and
beef cattle

844
535
309

Norway

dairy calves

calves < 3
weeks
dairy calves
beef calves
calves< 6
months

Nested-PCR
HSP-70
Heine‘s (1982)
negative stain

Denmark

dairy cattle

all ages

1150
(50
herds)

143

1386

Maryland,
USA
Portugal

dairy cattle

calves

990

dairy cattle

all ages

467

Mexico

dairy cattle

calves 1 to 30
days of age

512

Vietnam

dairy cattle

all ages

266

dairy cattle
and buffalo

all ages

154
15

Fluorescein
isothiocyanate
(FITC)- labeled
monoclonal
antibody
Fluorescein
isothiocyanate
(FITC)-labelled
antibody
PCR
(SSU-rDNA)
PCR
(hsp70 and
18SrRNA)
Modified ZiehlNeelson staining
Modified ZiehlNeelson staining
Modified ZiehlNeelson staining

25.8%

(Coklin et
al., 2007)
(CastroHermida et
al., 2002)

48%
47.5%
48.5%
12%

53%

96%

19.2%
17.6%

25%

35.7%
37.8%

(Hamnes et
al., 2006)

(MaddoxHyttel et
al., 2006)
(Sant'in et
al., 2008)
(Mendonca
et al., 2007)
(Maldonad
o-Camargo
et al., 1998)
(Nguyen et
al., 2007)
(Singh et
al., 2006)

Country

Animal
type

Animal group

beef farms,
dairy farms
and
traditional
farms.

calves < 3
months
overall
dairy calves
traditional
beef
calves< 12
months
pre-weaned
post-weaned

Total
no. of
samples

Diagnostic
Method

744

ELISA
(Comercial coproantigen)

Prevalence
Overall Herd

References

Punjab
Zambia

USA

dairy cattle

971

USA

dairy cattle

heifer

571

USA

dairy cattle

milking cows

541

Ontario,
Canada

dairy cattle

calves< 30
days

1045

Southern
Ontario,
Canada
North West
England

dairy cattle

calves aged 7–
28 days

1089

dairy and
beef cattle

pre-weaned
calves

215

Fluorescein
isothiocyanateconjugated antiCryptosporidium
monoclonal
antibody
(FITC-C-mAb)
A two-step nested
PCR (18S rRNA)
A two-step nested
PCR(18S rRNA)
Standardized
sucrose wet
mount method
Standardized
sucrose wet
mount method
A two-step nested
PCR (18S rRNA)

(Geurden et
al., 2006a)
19.2%
42.8%
6.3%
8.0%
35.5%

(Sant'in et
al., 2004)

50.3%
19.7%

11.9%
5.7%
78%

30%

28%

35100
%
0 to
80%
11 to
67%

(Fayer et
al., 2006b)
(Fayer et
al., 2007)
(Trotz et
al., 2007)
(Trotz et
al., 2008)
(Brook et
al., 2008)

1.2.5.2 Transmission
Cryptosporidium can be transmitted directly via person to person, animal to human, animal to
animal, or indirectly through water, food and possibly via air (Fayer et al., 2000a). Most
human cryptosporiodiosis is associated with C. parvum and C. hominis. Associations between
animal contact with transmission of cryptosporidiosis in humans have been documented, for
example, outbreaks in veterinary students and animal researchers working with infected
calves; agricultural camps and fairs; and case control studies of human cryptosporidiosis
(Robertson et al., 2002; Preiser et al., 2003; Goh et al., 2004; Hunter et al., 2004; Roy et al.,
2004; Smith et al., 2004; Hunter and Thompson, 2005; Kiang et al., 2006).
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1.2.6 ZOONOTIC IMPLICATIONS
The first case of human cryptosporidiosis was reported in 1976 (Meisel et al., 1976; Nime et
al., 1976). Since then, cryptosporidiosis has been reported to infect persons in 106 countries
(Fayer, 2008). Cryptosporidiosis has a higher incidence in developing countries especially in
children,

malnourished

individuals,

immunocompromised

individuals

(AIDS),

institutionalized patients and immunosuppressed patients (Fayer et al., 2000a). Six
Cryptosporidium species/genotypes are commonly identified in humans; C. hominis, C.
parvum, C. meleagridis, C. felis, C. canis and the cervid genotype, with C. hominis and C.
parvum responsible for the majority of infections (Xiao and Fayer, 2008). Cryptosporidium
hominis tends to be responsible for most human cryptosporidiosis in many regions of the
world (Xiao and Ryan, 2004a). However, in Europe and the Middle East, it has been shown
that C. parvum is the dominant parasite in humans (Xiao and Ryan, 2004a; Sulaiman et al.,
2005). In some endemic areas, the C. meleagridis infection rate in humans is as high as C.
parvum (Cama et al., 2003).

The first reported waterborne outbreak of cryptosporidiosis was in 1984 in San Antonia,
Texas (D'Antonio et al., 1985) and the biggest outbreak was in 1993 in Milwaukee, with over
403,000 individuals infected (MacKenzie et al., 1994). Subsequent analysis revealed that the
Milwaukee outbreak was due to C. hominis and not C. parvum (Zhou et al., 2003).
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Table 1.3: Waterborne outbreaks of cryptosporidiosis (Smith et al., 2006; Karanis et al., 2007).
Location and
year

Contamination source

Number of
cases (number
of isolates type)

Species
identified

References

Winconsin,USA
(2003-2005)

contaminated drinking
water

49(31)

C. parvum
C. hominis
Cervid genotype

(Feltus et al., 2006)

Ciba city,
Japan(2005)

contaminated swimming
pool

39(4)

C. hominis

(Yokoi et al., 2005)

Yorkshire and
Humberside ,UK
(2003)

contaminated hydro
swimming pool
(suspected faecal
incident)

66

C. parvum

(CDR, 2003)

Leisure Centre,
South East, UK
(2002)

oocyst contaminated
sand taken from the
filters of the swimming
pool and leisure pool,
suspected faecal
incident)

20

C. parvum

(CDR, 2003)

France (2001)

contaminated public
water supply

563 (31)

C. hominis

(Dalle et al., 2003)

Northern Ireland
(2001)

contamination of public
water supply with
human sewage

230 (44)

C. hominis (36)
C. parvum (8)

(Glaberman et al.,
2002)

Northern Ireland
(2000)

ingress of wastewater
from blocked drain

129 (33)

C. parvum

(Glaberman et al.,
2002)

Northern Ireland
(2000)

drinking water

117 (32)

C. hominis

(Glaberman et al.,
2002)

England (2000)

Septic tank
contaminated
with human sewage

58 (39)

C. parvum

(Gasser et al.,
2003)

Ohio, USA(2000)

tap water contaminated
with animal faeces

700 (31)

C. hominis (31)

(Mathieu et al.,
2004)

England (1999)

swimming pool
surface water
(reservoir)

347 (337)

C. parvum (31)
C. hominis (4)
C. parvum (331)
C.meleagridis
(2)

(McLauchlin et al.,
2000; Pedraza-Diaz
et al., 2001)

England (1999)

Public swimming pool

11 (3)

C. hominis (3)

(McLauchlin et al.,
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Location and
year

Contamination source

Number of
cases (number
of isolates type)

Species
identified

References

2000; Pedraza-Diaz
et al., 2001)
England (1999)

Public swimming pool

16 (9)

C. hominis (6)
C. parvum (3)

(McLauchlin et al.,
2000; Pedraza-Diaz
et al., 2001)

England (1999)

Public swimming pool

11 (10)

C. hominis (10)

(McLauchlin et al.,
2000; Pedraza-Diaz
et al., 2001)

England (1999)

Public swimming pool

14 (14)

C. parvum (10)
C. parvum (1)
C. hominis and
C. parvum (3)

(McLauchlin et al.,
2000; Pedraza-Diaz
et al., 2001)

England (1999)

Public swimming pool

Not known (20)

C. hominis (20)

(McLauchlin et al.,
2000; Pedraza-Diaz
et al., 2001)

England (1998)

surface water
(reservoir)

62(25)

C. parvum(25)

(McLauchlin et al.,
2000; Pedraza-Diaz
et al., 2001)

England (1998)

water tank

6(6)

C. parvum(6)

(McLauchlin et al.,
2000; Pedraza-Diaz
et al., 2001)

England (19971998)

Filter borehole water

34(9)

C.hominis (9)

(McLauchlin et al.,
2000; Pedraza-Diaz
et al., 2001)

England (1997)
North

surface water (river)

22(15)

C. hominis (15)

(McLauchlin et al.,
2000; Pedraza-Diaz
et al., 2001)

Thames,England
(1997)

Filter borehole water

345(174)

C. hominis (158)
C. parvum (14)
C. hominis and
C. parvum (1)
C. meleagridis
(1)

(McLauchlin et al.,
2000; Pedraza-Diaz
et al., 2001)

Minnesota, USA
(1997)

water fountain in zoo

369 (5)

C. parvum

(Sulaiman et al.,
1998)

Cranbrook,
British
Columbia,
Canada (1996)

municipal water

29 (7)

C. parvum

(Ong et al., 1999)
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Location and
year

Contamination source

Number of
cases (number
of isolates type)

Species
identified

References

Kelowna, British
Columbia,
Canada (1996)

municipal water

157(2)

C. hominis

(Ong et al., 1999)

Georgia, USA
(1995)

water park

2900 (3)

C. hominis

(Peng et al., 1997)

Florida, USA
(1995)

faecal contamination of
tap water in day camp

70(6)

C. hominis

(Peng et al., 1997)

Southwest
Devon,
England (1995)

surface water (river)

575 (145)

C. hominis (140)
C. parvum (2)
C. hominis and
C. parvum (3)

(Pedraza-Diaz et
al., 2001)

England (1994)

surface water (river)

224 (8)

C. hominis

(McLauchlin et al.,
2000; Pedraza-Diaz
et al., 2001)

Wisconsin, USA
(1993)

Lake water (pasture
runoff,
slaughterhouse or human
faeces)

403 000 (5)

C. hominis

(Zhou et al., 2003)

West Midland,
UK Idaho,
USA(1992)

Contaminated school
Swimming Pool

23

C. parvum

(Furtado et al.,
1998)

Oregon ,USA
(1992)

Contaminated Water
Slide

26

C. parvum

(Moore et al., 1993)

British Columbia,
Canada (1988)

Contaminated wave
pool, Oocyst in filter
backwash water)

500

C. parvum

(Moore et al., 1993;
McAnulty et al.,
1994)

Yorkshire,UK
(1988)

Contaminated
swimming pool (faecal
incident by children)

23

Cparvum

(Bell et al., 1993)

California, USA
(1988)

Ingress of sewage from
main tank to swimming
pool

67

C. parvum

(Joce et al., 1991)

Queensland,
Australia(1988)

Contaminated
swimming pool( faecal
incident, filtration
problem)

44

C. parvum

(Sorvillo et al.,
1990; Sorvillo et
al., 1992)
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Location and
year

Contamination source

Number of
cases (number
of isolates type)

Species
identified

References

Contaminated
swimming pool

52

C. parvum

(Stafford et al.,
2000)

Food-borne outbreaks of cryptosporidiosis have been reported worldwide (Table 1.4). The
main sources of food contamination comes from (1) consumption of raw fruit, vegetables and
shellfish; (2) processing of meat, beverages and other foodstuffs; (3) food handlers and (4)
contamination via insects and birds.
Table 1.4: Food-borne outbreaks of cryptosporidiosis.
Location

Contamination source

Number of
cases

References

Sakai, Japan

raw meat dish Yukke: Korean style
beef tartar‖ and raw liver at a
rotisserie

4

(Yoshida et al., 2007)

Denmark

Contaminated salad buffet by the
foodhandler

99

(Ethelberg et al., 2009)

Maine, USA

Apple cider (Cider made from
dropped apples on ground grazed by
livestock).
Apple cider (Washing apples with
contaminated water)

154

(Peng et al., 1997)

31

(MMWR, 1998)

Ohio, USA

Apple cider (Once and twice-ozonated
cider.

23

(Blackburn et al., 2006)

Minnesota, USA

chicken salad (Food handler who also
worked at day care centre)

15

(MMWR, 1996)

UK

cow‘s milk (Faulty on-farm
pasteurization unit)

50

(Gelletlie et al., 1997)

Queensland,
Australia

cow‘s milk (consumption of
unpasteurised milk)

8

(Harper et al., 2002)

Connecticut and New
York, USA
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Location

Contamination source

Number of
cases

References

Mexico

cow‘s milk (obtained from street
vendor)

22

(Sterling et al., 1986)

UK

frozen tripe (oocysts detected in tripe)

1

(CDR, 1985)

Washington, DC

fruit/vegetables (contaminated by
foodhandler)

148

(Quiroz et al., 2000)

Washington, DC

green onions (unwashed onions)

54

(MMWR, 1998)

Wisconsin, USA

Unknown Company and private home

24

(Hlavsa et al., 2005)

Washington, DC

Unknown

88

(Hlavsa et al., 2005)

Table adapted from (Millar et al., 2002; Ryan and Caccio, 2009).

Only a few genotyping studies have been conducted to investigate the species of
Cryptosporidium responsible for foodborne cryptosporidiosis. Analysis of foodborne
outbreaks in Maine, USA from apple cider identified C. parvum and revealed that the
outbreak may have been due to dropped apples on the ground contaminated with cattle faeces
(Peng et al., 1997). Another investigation of contaminated apple cider in Ohio, USA reported
that 11 isolates from 23 cases were due to C. parvum and one was caused by the cervid
genotype (Blackburn et al., 2006). Further analysis of 18 isolates from 148 cases of
cryptosporidiosis suspected to be due to food handler contamination of fruits/vegetables
identified C. parvum (Quiroz et al., 2000). A recent investigation of food handler
contamination of a salad in Denmark identified C. hominis in 13 isolates (Ethelberg et al.,
2009). Another food-borne outbreak in Japan was caused by contaminated raw meat due to C.
parvum (3 out of 4 isolates) (Yoshida et al., 2007).
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Previously, it has been assumed that the majority of Cryptosporidium infections in farmed
animals that had oocysts in the size range of 4 to 6 µm were due to C. parvum (cattle
genotype) and that farm animals and wild animals represent an important zoonotic reservoir
for human cryptosporidiosis. However recent molecular analysis has revealed a wide range of
Cryptosporidium species and genotypes infecting both domestic and wild animals and the
epidemiology of cryptosporidiosis are clearly more complicated than previously thought.

Studies in the US, indicated that the occurrence of these Cryptosporidium spp. in cattle are
age-related, as the zoonotic C. parvum was responsible for about 85% of the
Cryptosporidium infections in pre-weaned calves but only 1% of the Cryptosporidium
infections in post-weaned calves and heifers (Sant'in et al., 2004). Post-weaned calves were
mostly infected with C. bovis, C. andersoni and the C. ryanae (Sant'in et al., 2004) (see Table
1.5). These findings clearly demonstrate that neonatal calves are an important source of
zoonotic cryptosporidiosis in humans. Neonatal calves are also the age group of cattle mostly
affected by cryptosporidiosis in terms of prevalence of infection and the associated morbidity
and mortality (Fayer et al., 1997).

However, studies on heifers aged 12–24 months of age, on dairy farms in Pennsylvania,
Vermont, New York, Maryland, Virginia, North Carolina, and Florida, reported a much lower
prevalence of C. parvum and reported that C. suis, C. parvum, C. ryanae, C. bovis, and C.
andersoni constituted 1, 6, 15, 35, and 43%, respectively (Fayer et al., 2006b). A study on
mature dairy cattle identified an even lower prevalence of Cryptosporidium and reported that
C. parvum, C. bovis, and C. andersoni were found infecting 0.4, 1.7, and 3.7% of the 541
cows examined, respectively (Fayer et al., 2007). The overall lower prevalence of
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Cryptosporidium in these cows was highly significant (p ≤ 0.0001) compared with younger
cattle. The very low level of infection with zoonotic C. parvum, suggests that mature dairy
cattle are a relatively low risk source of infection for humans (Fayer et al., 2007).

A study on 115 fecal samples positive for Cryptosporidium from dairy cattle in New York
State, identified 70 of the 115 (61%) as C. parvum, 42 (37%) as C. bovis, and 3 (3%) as C.
ryanae (Starkey et al., 2006). The authors also suggested that C. bovis may be more host
adapted and thus less pathogenic to dairy cattle than C. parvum (Starkey et al., 2006).
The prevalence of Cryptosporidium species in cattle in other countries is less well
characterised but recent studies have shown that C. bovis and C. ryanae are present in cattle
studied in China and India (Feng et al., 2007) (see Table 1.2). In that study, the prevalence of
Cryptosporidium species in cattle in Georgia was compared with China and India. Analysis
revealed that the prevalence of C. bovis and C. ryanae was much higher than C. parvum, even
in pre-weaned calves in Georgia. This is in contrast to the studies by (Fayer et al., 2006b) and
(Sant'in et al., 2004), which reported that that C. bovis and C. ryanae were mostly found in
post-weaned calves and older animals. This may have been due to the fact that the preweaned calves examined in the Feng study were mostly one month or older and only a small
number of animals were sampled.

A study in Denmark also showed age structuring, with C. bovis causing 14% and 73% of
Cryptosporidium infections in young and older calves, respectively (Langkjaer et al., 2007).
Cryptosporidium parvum and C. ryanae were responsible for 82% and 4% in young calves
and 3% and 14% of Cryptosporidium infections in older calves (Langkjaer et al., 2007). A
novel C. suis-like genotype which exhibited 99% and 98% nucleotide identity to C. suis at
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the 18S rDNA and HSP70 loci respectively, was identified in three calves originating from
two different herds (Langkjaer et al., 2007). Pig genotype II was also identified in a young
calf, which until now had appeared to be pig-specific (Langkjaer et al., 2007).
Cryptosporidium andersoni, which was found previously in Danish and US cattle (Enemark
et al., 2002) was not detected. This is probably explained by the fact that C. andersoni is
primarily found in older animals and that only three isolates from cows could be successfully
genotyped.

In Portugal, a study of 467 dairy and beef cattle, of which 291 were from calves and 176 were
from adults, identified 74/291 calves (25.4%) and 8/176 adults (4.5%) as positive for
Cryptosporidium by microscopy (Mendonca et al., 2007). Molecular characterization of 63
isolates from calves and seven isolates from adults identified all of the isolates as C. parvum
using sequence analysis of the HSP70 locus. However, sequence analysis of the 18S rRNA
locus identified two of the C. parvum isolates as C. meleagridis and C. andersoni (Mendonca
et al., 2007). This is the first report of C. meleagridis in cattle.

In Hungary, 79 faecal samples from calves with diarrhoea were collected on 52 farms from
different counties (Plutzer and Karanis, 2007). Immunofluorescence microscopy identified 39
samples as positive for Cryptosporidium and 18S rRNA restriction fragment length
polymorphism (RFLP) analysis of 22 isolates, identified C. parvum in 21 samples and C.
ryanae in one sample (Plutzer and Karanis, 2007).
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In England, 215 faecal samples were collected from 41 farms where the median age of calves
was 26 days (Brook et al., 2008). The overall prevalence of cryptosporidiosis by PCR was
28%, with herd prevalence of 66% and within farm prevalence ranged from 11 to 67%. 18S
rRNA analysis identified 50 isolates (93%) as C. parvum, three (6%) were C. bovis and one
(2 %) was C. ryanae (Brook et al., 2008). The study also reported a high association between
age with the risk of shedding of Cryptosporidium species with calves aged 8-21 days being
most at risk (OR= 5.24) (Brook et al., 2008).

In Belgium, a cross sectional study was conducted on calves less than 10 weeks of age from
100 dairy farms and 50 beef farms with a total of 499 dairy and 333 beef calves examined by
IFA (Geurden et al., 2007a). Sequence analysis of 73 positive isolates from dairy calves and
11 positive isolates from beef calves at the 18S rDNA and the HSP70 loci identified C.
parvum as the predominant species in dairy (67/73) and beef calves (6/11) (Geurden et al.,
2007a). Cryptosporidium bovis was isolated in six out of 73 dairy calves and three out of 11
beef calves and C. suis was isolated from one beef calf. The peak prevalence of
cryptosporidiosis was in two to four week old dairy calves (Geurden et al., 2007a).

In Vietnam, 266 bovine faecal samples were collected from calves aged less than 12 months
old with and without diarrheoa from three different provinces in the central region of
Vietnam (Nguyen et al., 2007). Modified Ziehl -Neelsen analysis identified that the
prevalence for Cryptosporidium was 35.7% (Nguyen et al., 2007). Sequence analysis of the
18S rRNA locus identified C. parvum (33.5%), C. andersoni (5.6%) and mixed infections of
C. parvum and C. andersoni were identified in 3.4% of isolates (Nguyen et al., 2007).
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Table 1.5: Cryptosporidium species/genotypes in cattle.
Country

No.
Genotyped

C.
parvum

C. bovis

C.
andersoni

C.
ryanae

Other

Reference

278

85%

9%

1%

5%

0%

(Sant'in et al.,
2004)

1%

55%

13%

31%

0%

68

6%

35%

43%

15%

1%*

(Fayer et al.,
2006b)

31

6.5%

29%

64.5%

0%

0%

115

60.9%

36.5%

0%

2.6%

0%

(Fayer et al.,
2007)
(Starkey et al.,
2006)

Georgia,
USA
Preweaned

23

26%

39%

0%

22%

13%*****

Postweaned

6

0%

66%

0%

16%

18%**

Milking
cows
China

3

0%

66.7%

0%

0%

33.3%*****

6

0%

83.3%

0%

16.7%

0%

(Feng et al.,
2007)

India

12

8.4%

91.6%

0%

0%

0%

(Feng et al.,
2007)

Denmark
Cows

3

100%

0%

0%

0%

0%

Older

61

4%

73%

NS

14%

4%***

(Langkjaer et
al., 2007)

calves
Young
calves
Hungary
Calves

90

82%

14%

NS

3%

1%

22

95%

0%

0%

5%

0%

Portugal
Calves

63

100%

0%

0%

0%

0%

Adults

7

71.5%

0%

14.25%

0%

14.25%****

Japan
Adults

5

60%

0%

20%

20%

0%

USA
Preweaned
Postweaned
USA
(heifers)
USA
(milking
cows)
New York
State
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(Feng et al.,
2007)

(Plutzer and
Karanis, 2007)

(Mendonca et
al., 2007)
(Amer et al.,
2009)

Country
England
Young
calves
Belgium
Dairy
Calves< 10
weeks
Beef
Calves< 10
weeks
Vietnam
Calves< 12
months

No.
Genotyped

C.
parvum

C. bovis

C.
andersoni

C.
ryanae

Other

Reference

54

92.6%

5.6%

0%

1.8%

0%

(Brook et al.,
2008)

73

92%

8%

0%

0%

0%

(Geurden et al.,
2007a)

11

55%

27%

0%

0%

9%*

266

33.3%

NA

5.6%

NA

3.4%**

(Nguyen et al.,
2007)

* = C. suis
** = 1 mixed C. parvum + C. andersoni infection
*** = C. suis-like genotype + <1% pig genotype II
**** = C. meleagridis
*****=C.bovis+c.ryanae
NA=Not available

Alternatively, cattle of all ages may be susceptible to infections with both species and there
may not be an age-associated occurrence of the two parasites in cattle. It is also possible that
calves may acquire infection with C. bovis or C. ryanae early in life, but the infection may be
concealed by the overwhelming C. parvum infection. The prepatent period for C. bovis is 10–
12 days, much longer than C. parvum (about four days) (Fayer et al., 2005). Further studies
are required to determine this.

To accurately elucidate transmission patterns, track outbreaks and further understand the
population genetic structure of Cryptosporidium, the detection of genetic variation within a
species is crucial. Various fingerprinting/subtyping tools have been developed, one of the
most popular of which is sequence analysis of the 60 kDa glycoprotein (GP60, also called
gp15/40). It is the most polymorphic marker identified so far in the Cryptosporidium genome
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(Gatei et al., 2006; Leoni et al., 2007; Wielinga et al., 2008). It is also biologically relevant as
it encodes surface glycoproteins (gp45 and gp15), both of which are implicated in zoite
attachment to and invasion of enterocytes (Strong et al., 2000).

The gp60 gene is similar to a microsatellite sequence by having tandem repeats of the serinecoding trinucleotide TCA, TCG, or TCT at the 5‘ end of the gene (Strong et al., 2000).
However, in addition to variations in the number of trinucleotide repeats, there are extensive
sequence differences in the non-repeat regions, which categorize C. parvum and C. hominis
each to several subtype families. Within each subtype family, subtypes differ from each other
mostly in the number of trinucleotide repeats (TCA, TCG or TCT microsatellite). The name
of GP60 subtypes starts with the subtype family designation (Ia, Ib, Id, Ie, If, etc. for C.
hominis, and IIa, IIb, IIc, IId, etc. for C. parvum) followed by the number of TCA
(represented by the letter A), TCG (represented by the letter G), or TCT (represented by the
letter T) repeats (Sulaiman et al., 2005). Thus, the name IbA10G2 indicates that the parasite
belongs to C. hominis subtype family Ib and has 10 copies of the TCA repeat and 2 copies of
the TCG repeat in the trinucleotide repeat region of the gp60 gene.

GP60 subtyping of C. parvum has identified 2 zoonotic (IIa, IId) and 10 non-zoonotic (IIb,
IIc, IIe–IIl) subtype groups in C. parvum (Alves et al., 2003; Peng et al., 2003a; Peng et al.,
2003b; Sulaiman et al., 2005; Abe et al., 2006; Akiyoshi et al., 2006; Alves et al., 2006; Trotz
et al., 2006; Misic and Abe, 2007; Plutzer and Karanis, 2007; Ng et al., 2008; Plutzer and
Karanis, 2009; Xiao, 2009).
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To date only two C. parvum subtype families (IIa and IId) have been found in both humans
and animals (Alves et al., 2003; Sulaiman et al., 2005; Trotz et al., 2006). Within the IIa
subtype family, more than 17 subtypes have been identified, IIaA13G2R1, IIaA15G1R1,
IIaA15G2R1, IIaA15G2R2, IIaA16G1R1, IIaA16G2R1, IIaA16G2R2, IIaA16G3R1,
IIaA16G3R2, IIaA17G1R1, IIaA17G2R1, IaA18G1R1, IIaA18G3R1, IIa-A19G4R1,
IIaA20G1R1, IIa-A20G3R1 and IIa-A21G3R1 (Alves et al., 2003; Peng et al., 2003b; Abe et
al., 2006; Alves et al., 2006; Trotz et al., 2006; Misic and Abe, 2007; Plutzer and Karanis,
2007; Ng et al., 2008; Plutzer and Karanis, 2009).

The IIa C. parvum subtypes A17G2R1, A18G3R1, A19G3R1 and A20G3R1) are common in
humans in Australia, Canada and Northern Ireland (Trotz et al., 2006; Ng et al., 2008; Zintl et
al., 2009). In the UK, IIaA17G1R1 was the most common subtype encountered in the three
Cryptosporidium outbreaks in the UK from nine human patients and water samples.
Interestingly, subtypes such as IIaA16G2R1 and IIaA15G2R2, frequently identified in
Europe (Portugal, Slovenia, Ireland) appear to be the major subtypes responsible for zoonotic
cryptosporidiosis (Glaberman et al., 2002; Alves et al., 2003; Alves et al., 2006).

The IId subtype has previously been reported in humans and cattle in Portugal (Alves et al.,
2003; Alves et al., 2006), cattle in Hungary (Plutzer and Karanis, 2007), lambs and goats in
Spain (Quilez et al., 2008) and humans in Ireland, Kuwait, the Netherlands and Australia
(Sulaiman et al., 2005; Wielinga et al., 2008; Waldron et al., 2009; Zintl et al., 2009)
Interestingly, C. parvum IId subtypes have never been found in humans or calves in the
United States and Canada (Xiao, 2009).
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1.2.7 TREATMENT AND CONTROL
More than 200 substances/drugs have been tested against cryptosporidiosis (O'Donoghue,
1995; Stockdale et al., 2008). The most commonly used drugs for cryptosporidiosis in
humans and animals are paranomycin, halofuginone lactate, azithromycin, decoquinate,
nitazoxanide and lately antiretroviral therapy (Elitok et al., 2005; Gargala, 2008; Rossignol,
2009). Prophylactic administration of paranomycin showed inhibition of oocyst shedding and
reduced the duration of diarrhoea in experimentally infected calves (Fayer and Ellis, 1993),
but in a field trial the effect of reduced oocyst shedding and diarrhoea was only seen after
withdrawal of the drug and no reduction of the disease was reported (Grinberg et al., 2002).
The efficacy of halofuginone treatment is questionable, as in some studies, calves showed
significantly reduced oocyst excretion, decreased diarrhoea (Joachim et al., 2003) and
prevention of mortality in calves (Naciri et al., 1993), however, another study showed no
effect on the severity of diarrhoea or dehydration, but did reduce oocyst excretion
significantly and increased the average daily weight gain of calves (Lallemond et al., 2006).
Another study reported that halofuginone had no effect whether used as a preventive measure
or treatment for cryptosporidiosis (Klein, 2008). Other drugs such as azithromycin showed a
reduction of oocyst shedding and significant improvements of cryptosporidiosis in calves
(Elitok et al., 2005).

Nitazoxanide (NTZ) is an antimicrobial drug that has been used in dogs, cats, sheep and goats
to treat parasitic infections (Euzeby et al., 1980; Gookin et al., 2001; Viel et al., 2007). NTZ
was effective against C. parvum in suckling mice, gerbils and rats (Blagburn et al., 1998;
Theodos et al., 1998; Baishanbo et al., 2006). NTZ also successfully reduced oocyst shedding
and the duration of diarrhea for cryptosporidiosis in immunocompetent adults and chidren in
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Egypt and Zambia and resulted in a significant mortality reduction in malnourished children
(Rossignol et al., 2001; Rossignol et al., 2006). However, NTZ failed to reduce the clinical
severity and oocyst excretion of Cryptosporidium in calves (Schnyder et al., 2009). New
drugs such as Aurintricarboxylic acid (ATA) at a dose of 100 mmol/kg in neonatal mice
showed 97–99% inhibition of infection compared to paromomycin (79–84%) (Klein, 2008).

Numerous studies were conducted to evaluate the immune response of the host especially in
neonates and immunocompromised patients, in eliminating Cryptosporidium infection.
Previous studies in animals showed that oral administration of bovine colostral antibodies
produced against whole C. parvum preparations significantly reduced Cryptosporidium
infection (Fayer et al., 1990; Perryman et al., 1990; Riggs et al., 1994; Perryman et al., 1999).
However, other studies reported that hyperimmune serum, hyperimmune bovine colostrum
and anti-sporozoite monoclonal antibodies did not eliminate persistent Cryptosporidium
infection, even though there was a reduction in oocyst excretion and improvement in clinical
signs (Arrowood and Sterling, 1989; Fayer et al., 1989; Hunt et al., 2002; Riggs et al., 2002).

Preventive measures are the most important mechanism to control Cryptosporidium infection.
This can be achieved by controlling human traffic on the farm, proper husbandry of animals
and movement restriction of livestock for trade or for grazing. Application of these measures
successfully reduced human cryptosporidiosis during the foot and mouth outbreak in UK
(Hunter et al., 2003). Waste management programs are also crucial to reduce runoff from
agricultural sites by treating animal waste before it is released into surface waters in order to
reduce Cryptosporidium loading (Fayer, 2004).
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Hygiene measures are vital in ruminant husbandry. Cryptosporidium oocysts can be removed
from the pens, barn or buildings used for parturition by applying moist heat. Avoiding high
stocking rates, separating young from older animals, and healthy from ill animals, in
conjunction with appropriate administration of colostrum to newborn calves, helps to reduce
outbreaks of cryptosporidiosis, calf morbidity and mortality (De Graaf et al., 1999).
Maintaining a short calving period will also reduce the probability of oocyst shedding and
transmission within a herd (Hoar et al., 2001).

Cryptosporidiosis control programs depend on an understanding of the host, reservoirs, and
pathogen interactions including the survival of oocysts in the environment and also the
possible modes of transmission (McLauchlin et al., 2000). Molecular epidemiology studies
are essential in order to successfully control zoonotic transmission among humans and
animals and to understand the molecular epidemiology of C. parvum infections (Misic and
Abe, 2007).
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1.3 GIARDIA
1.3.1 TAXONOMY
First seen microscopically by Van Leeuwenhoek in 1681 in a stool sample, Giardia was
described in detail by Lambl in 1859 as cited by (Thompson, 2004). Giardia is a member of
the Class Zoomastigophorea and Order Diplomonadida (Thompson, 2004). Controversy
surrounds the phylogenetic affinities of Giardia, with investigations pointing to Giardia
being an early-branching eukaryote that diverged prior to the acquisition or retention of
mitochondria, and has played an important role in the study of eukaryotic cell evolution
(Simpson et al., 2002). Other studies have identified mitosomes (which may be the reminance
of a mitochondrial endosymbiont) (Tovar et al., 2003) and mitochondrial genes (Roger et al.,
1998; Morrison et al., 2007), suggesting its eukaryotic amitochondrial state is not from its
primitive origin but from reductive evolution (Tovar et al., 2003; Yee et al., 2007).

As with Cryptosporidium, species in this genus were originally described based on assumed
host specificity, resulting in over 50 species of Giardia being described (Thompson, 2004). It
was not until 1952 that Filice proposed a re-evaluation of host specific naming of Giardia
species (Filice, 1952). On the basis of detailed descriptions of median body morphology,
Filice proposed three distinct species; G. duodenalis (also known as G. intestinalis and G.
lamblia), G. muris and G. agilis (Filice, 1952; Adam, 2001; Thompson, 2004). Three other
species have also been described; Giardia ardeae in herons (Erlandsen et al., 1990), Giardia
psittaci from psittacine birds (Erlandsen and Bemrich, 1987) based on scanning electron
microscopy ultrastructural descriptions of trophozoites and Giardia microti from voles and
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muskrats, currently defined using a combination of cyst morphology (Feely, 1988) and
sequence analysis of the 18S rRNA locus (Monis et al., 1999) (Table 1.6).

Table 1.6: Species of Giardia and common host species.
Giardia Species

Hosts

Reference

G. duodenalis

humans, dogs, cattle, cats,
rats.

(Lambl, 1859)

G. agilis

amphibians

(Filice, 1952)

G. muris

rodents

(Filice, 1952)

G. microti

muskrats and voles

(Feely, 1988; Van Keulen et al., 1998)

G. psittaci

psittacine birds

(Erlandsen and Bemrich, 1987)

G. ardeae

Herons

(Erlandsen et al., 1990)

Giardia duodenalis is the only species found in humans. Today it is acknowledged that G.
duodenalis is not a uniform species, but consists of members who are morphologically
similar yet genetically and phenotypically distinct, with variations in host specificity (Monis
and Thompson, 2003). Assemblages A and B are found in both humans and non-humans
(Table 1.7). Allozyme analysis originally divided isolates within these two Assemblages into
four subgroups, with the subgroup AI and AII within Assemblage A and the subgroup III and
IV within Assemblage B (Monis et al., 1999). However, more recent genetic characterisation
studies at the beta-giardin (bg), triosephosphate isomerase (tpi) and glutamate dehydrogenase
gene (gdh) loci have suggested greater genetic variability exists among a number of
Assemblages of G.duodenalis than was first thought (Sulaiman et al., 2003; Lalle et al.,
2005), potentially pointing towards the further subdivision of currently recognized
Assemblages.
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Table 1.7 - Genotypes/assemblages of G. duodenalis and their host range.
Assemblage

Host Range

References

A

humans, livestock
(sheep, pigs, horses,
alpaca and cows), cats,
dogs, beavers, fox,
chinchilla, guinea pig,
ferret, deer, moose,
reindeer, water
buffaloes and slow
loris/lemur.

(De Jonckheere et al., 1990; Nash et al., 1990;
Mayrhofer et al., 1995 ; Karanis and Ey, 1998;
Trout et al., 2003; Traub et al., 2004; Trout et al.,
2004; Abe et al., 2005; Itagaki et al., 2005; Traub
et al., 2005; Caccio et al., 2007; Hamnes et al.,
2007; Hsu et al., 2007; Lalle et al., 2007;
Langkjaer et al., 2007; Leonhard et al., 2007;
Mendonca et al., 2007; Robertson et al., 2007;
Vasilopulos et al., 2007)

B

humans, slow loris,
cattle, horses, sheep,
chinchillas, dogs,
beavers, rabbits, fox,
monkey, muskrat, rats,
cats and siamangs.

(Mayrhofer et al., 1995 ; Karanis and Ey, 1998;
Sulaiman et al., 2003; Traub et al., 2004; 2005;
Itagaki et al., 2005; Traub et al., 2005; Aloisio et
al., 2006; Fayer et al., 2006a; Castro-Hermida et
al., 2007; Coklin et al., 2007; Hamnes et al.,
2007; Lalle et al., 2007; Mendonca et al., 2007)

C and D.

dogs, cats, coyotes and
wolves.

(Monis et al., 1998; Monis et al., 1999; Itagaki et
al., 2005; Lalle et al., 2005; Leonhard et al.,
2007; Souza et al., 2007; Palmer et al., 2008)

E

cattle, sheep, pigs,
alpacas, water
buffaloes, muflons and
goats.

(Ey et al., 1997; Monis et al., 1998; Itagaki et al.,
2005; Castro-Hermida et al., 2007; Coklin et al.,
2007; Feng et al., 2008; Geurden et al., 2008;
Ruiz et al., 2008)

F

cats

(Monis et al., 1998; Itagaki et al., 2005; Lalle et
al., 2005; Fayer et al., 2006c; Sant'in et al., 2006;
Souza et al., 2007; Vasilopulos et al., 2007;
Palmer et al., 2008)

G

domestic rats

(Monis et al., 1998)
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1.4 LIFECYCLE AND MORPHOLOGY
In contrast to Cryptosporidium, Giardia has a simple biphasic lifecycle involving a motile
form or trophozoite and a resistant cyst (Chavez-Munguia et al., 2007). Host infection begins
by ingestion of a mature cyst, followed by excystation, in which two trophozoites are released
from each cyst in the small intestine (Lauwaet et al., 2007).

Trophozoites multiply by longitudinal binary fission and colonize predominately the midjejunum where they can be free or attached to the mucosa by a ventral sucking disk (Adam,
2001; Lauwaet et al., 2007) (Figure 1.2). To ensure survival of the parasite outside the host,
the trophozoite is encysted into the protective cyst stage as the parasite travels into the lower
regions of the small intestine, a process known as encystation (Adam, 2001). During
encystation, trophozoites undergo nuclear division resulting in the formation of a cyst
containing four tetraploid nuclei.

Figure 1.2: The life cycle of Giardia (source CDC).
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1.4.1 DIAGNOSIS
1.4.1.1 Detection in faecal samples
Detection of Giardia cyst and trophozoites from faecal samples usually relies on microscopic
methods. To increase the sensitivity of detection, simple floatation and centrifugal techniques
including sucrose density floatation, zinc sulphate floatation and water ether centrifugation
techniques have been used (Ahmad and Lim Y.A.L, 1998). Microscopy however suffers from
a number of limitations including the microscopist‘s skill level, it is labour intensive, time
consuming and lacks sensitivity. However, it does have the advantage of been able to
potentially detect other parasites (Schuurman et al., 2007).

Direct fluorescent-antibody staining and enzyme immunoassays are cost effective and
sensitive methods of diagnosis, yet are limited by the need for numerous reagent additions
(Schuurman et al., 2007). Other methods of detection and characterisation of Giardia have
included surface antigen analysis, isoenzyme analysis, RFLP analysis and pulse-field gel
electrophoresis (PFGE) of chromosomal patterns (Adam, 2001).

The advent of PCR capable of specifically amplifying Giardia directly from faecal samples
that obviated the need to culture Giardia prior to amplification. (Thompson, 2004;
Schuurman et al., 2007) and allowed much more to be inferred about the host range and
pathogenesis of this protozoan (Adam, 2001). Various genotype/subtyping tools have been
developed and tested to elucidate the zoonotic significant of Giardia species. The majority of
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molecular epidemiology studies were conducted using a single marker as a tool from a small
number of samples (O'Handley et al., 2000b; Becher et al., 2004; Coklin et al., 2007). The
most commonly used genetic markers were the 18S ribosomal DNA (18S rDNA), beta
giardin (ß-giardin), glutamate dedrogenase (gdh), triose phosphate isomerise (tpi), elongation
factor 1 α (EF-1α) and G. duodenalis open reading frame C4 (GLORF-C4) (Caccio et al.,
2005). One study showed that using only one marker to identify sub-assemblage it not always
reliable and that multiple markers should be used for subtyping (Sprong et al., 2009). For
example, zoonotic assemblages detected with single markers such as 18S rDNA may not be
identified as zoonotic assemblages/subassemblages with other markers such as ß-giardin
(Sprong et al., 2009). Using two and more markers will increase accuracy (Caccio et al.,
2008; Sprong et al., 2009) but the occurrence of heterogenous templates and difficulties in
assigning some isolates to a specific assemblage is a common problem in Giardia genotyping
(Caccio and Ryan, 2008).

1.4.2 CLINICAL AND PATHOLOGICAL FEATURES
Giardia typically infects calves between 5 and 10 weeks of age, however infections can occur
in calves as young as 4 days of age (Xiao et al., 1993; Xiao and Herd, 1994; O'Handley et al.,
2000b). Infections can persist for several months in calves and result in numerous episodes of
diarrhea (Xiao et al., 1993; Xiao and Herd, 1994). The pathogenesis is not clearly understood
and the symptoms which include acute or chronic diarrhea; dehydration, abdominal pain and
weight loss are highly variable. The severity of infection depend on the host, environmental
factors and the parasite‘s genotype (Thompson, 2004).
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1.4.3 EPIDEMIOLOGY
1.4.3.1 Distribution and Prevalence
Numerous studies have been conducted on the prevalence of Giardia in dairy cattle
especially calves. The overall herd prevalence of Giardia in Denmark was 100% (MaddoxHyttel et al., 2006). In British Colombia (Olson et al., 1997a) reported that Giardia was
detected in 20/20 dairy farms with farm prevalence ranging from 50% to 100% and the
overall prevalence was 73% in dairy calves. In dairy herds in five counties of south-eastern
New York, the overall prevalence was 8.9% and the farm prevalence was 70% (Wade et al.,
2000). A study in Western Australia and Western Canada identified a Giardia prevalence of
58% and 57% in dairy calves (O'Handley et al., 2000b). In North America, the overall
prevalence of Giardia was 68.2% in dairy calves (Xiao and Herd, 1994) (Table 1.8).
Table 1.8: Prevalence studies of Giardia infection in dairy cattle.
Country

Animal
type

Sampling
group

Total
samples

Diagnostic
Methods

Prevalence
Overall

Denmark

dairy cattle

all ages

1150
(50 herds)

British
Colombia

dairy cattle

calves< 6
months

104

Southeastern
New York,
USA

dairy cattle

all ages

2943

Western
Canada

dairy cattle

calves
between 2
and 10
weeks

Fluorescein
isothiocyanate
(FITC)-labelled
antibody
Fluorescein
isothiocyanate
(FITC)-labelled
monoclonal
antibody
Bright field and
phase contrast
microscopy

28
(1 farm)

40

Fluorescein
isothiocyanatelabelled
monoclonal

References

Herd
(Maddox-Hyttel
et al., 2006)

NA

100%

73%

100%

(Olson et al.,
1997a)

8.9%

70%

(Wade et al.,
2000)

57%

100%

(O'Handley et
al., 2000b)

antibody
Western
Australia

North America

dairy cattle

dairy cattle

calves
between 2
and 10
weeks

36
(2 farms)

day 1 to
20 week
old calves

274

Fluorescein
isothiocyanatelabelled
monoclonal
antibody

58%

NA

(O'Handley et
al., 2000b)

Fluorescein
isothiocyanatewith two labelled
monoclonal
antibody

69%

NA

(Xiao and Herd,
1994)

NA=Not available

1.4.3.2 Transmission
Transmission of Giardia is through contaminated water, food or direct faecal-oral
contamination and by physical contact (Adam, 2001; Xiao and Fayer, 2008). Giardia has
been found in both beef and dairy cattle and transmission occurs among infected calves as
well as among chronically infected adults but the frequency is highest amongst dairy calves
(Xiao and Herd, 1994; O'Handley et al., 2000b).

1.4.4 ZOONOTIC IMPLICATIONS
Waterborne giardiasis was first documented in Aspen, Colorado, USA, in 1965/1966 and as a
result, the Center for Disease Control and Prevention (CDC) began waterborne disease
surveillance in 1971. Transmission of Giardia through drinking and recreational water is well
established. Of the 325 waterborne outbreaks of parasitic protozoan disease reported to date,
40% are due to Giardia species (Karanis et al., 2007).
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Giardia species and infected livestock have often been implicated as sources of
contamination for waterborne outbreaks of giardiasis (Fayer et al., 2000b; Thompson, 2004).
Unfortunately the evidence for giardiasis being a zoonosis is still limited (Monis and
Thompson, 2003). Traub et al., (2004) showed that in some communities with inadequate
sanitation, some Giardia genotypes can pass between humans and dogs; however it is not
clear whether man or dog is the primary reservoir for the infection. Two G. duodenalis
Assemblages (Assemblage A and B) can cause human giardiasis. Assemblage A1 is
commonly found in animals, whereas Assemblage A2 is found in humans (Caccio and Ryan,
2008). Recently a number of studies showed that A2 (and many other A Assemblages) have
also been identified in animals (Trout et al., 2003; Read et al., 2004; Traub et al., 2004; Trout
et al., 2004; Abe et al., 2005; Itagaki et al., 2005; Caccio et al., 2007; Hamnes et al., 2007;
Hsu et al., 2007; Lalle et al., 2007; Langkjaer et al., 2007; Leonhard et al., 2007; Mendonca
et al., 2007; Robertson et al., 2007; Vasilopulos et al., 2007; Geurden et al., 2007b).
Assemblage B was previously considered human specific, however Assemblage B has
recently been reported in beavers, cattle, dogs, horses, monkeys, muskrats, rabbits, sheep and
marsupials (Sulaiman et al., 2003; Read et al., 2004; Traub et al., 2004; Lalle et al., 2005;
Traub et al., 2005; Aloisio et al., 2006; Fayer et al., 2006a; Castro-Hermida et al., 2007;
Coklin et al., 2007; Hamnes et al., 2007; Mendonca et al., 2007; Thompson et al., 2008).

Most food-borne outbreak of giardiasis have occurred by direct transmission by food
handlers, including two food-borne outbreaks of giardiasis caused by consumption of
Christmas pudding contaminated by rodent faeces and tripe soup made from the offal of
infected sheep (Smith et al., 2006). Unfortunately, no genotype data is available on the G.
duodenalis Assemblage(s) associated with these outbreaks (Caccio and Ryan, 2008).
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Involvement of different G. duodenalis assemblages in zoonotic transmission has been
controversial for many years. The zoonotic Giardia duodenalis assemblage A were reported
in dairy calves in Belgium (59%), adult dairy cattle in a veterinary college teaching herd in
Canada (43%), 12 calves in Italy and two cattle in Japan (Lalle et al., 2005; Uehlinger et al.,
2006; Hsu et al., 2007; Geurden et al., 2007b). PCR amplification at the ß-giardin gene
identified sub-assemblages A2 and A3 in calves in Belgium and Italy which have also been
reported it in human patients in Italy (Lalle et al., 2005). Assemblage A identified in two
cattle in Japan had high similarity (99%) with human-derived isolates from Brazil, Israel, and
Afghanistan (Hsu et al., 2007). Six of nine cat isolates in the USA and five of seven foxes
isolates in Norway have also been identified as belonging to Assemblage A (Van Keulen et
al., 2002; Hamnes et al., 2007).

The most predominat Giardia species infecting cattle is Assemblage E (O'Handley et al.,
2000b; Van Keulen et al., 2002; Appelbee et al., 2003; Trout et al., 2004, 2005; Trout et al.,
2006; Langkjaer et al., 2007; Mendonca et al., 2007; Trout et al., 2007). A higher prevalence
of Assemblage E was reported in 12 to 24 months dairy heifers and adult cattle in the USA
(33% and 25% respectively), compared to Assemblage A that constituted about 3% and 2%
respectively (Trout et al., 2006; Trout et al., 2007). Giardia duodenalis Assemblage A was
only isolated from 6% of young and older calves in the United States and Denmark (Trout et
al., 2004, 2005; Langkjaer et al., 2007). Another studie reported that 3 of 18 calves (17%)
from both Western Australia and Western Canada, two of three cows and one calf from New
York, USA, one out of 42 beef calves in Canada and 2 from 14 isolates (13 from calves and 1

43

from adult cattle) in Portugal were Assemblage A (O'Handley et al., 2000b; Van Keulen et
al., 2002; Appelbee et al., 2003; Mendonca et al., 2007).

Giardia duodenalis Assemblage A has also been reported from other animals such as Italian
water buffalos (2/8) and 12% of pig weaners in Denmark (Caccio et al., 2007; Langkjaer et
al., 2007). Genotyping studies in dogs reported that Assemblage A was isolated from 8/16
dogs in the USA, 4 dogs in India, 14 dogs in Japan and 33 dogs (60%) in Southern Germany
(Van Keulen et al., 2002; Traub et al., 2004; Itagaki et al., 2005; Leonhard et al., 2007). The
study reported a highly significant association between the prevalence of Giardia in humans,
dog ownership and the presence of a Giardia-positive dog in the same household (Traub et
al., 2004).

The results of those studies confirm that animals especially calves shed Giardia cysts that are
potentially infectious to humans. Although most studies reported a low prevalence of Giardia
duodenalis assemblage A, the role of livestock in human giardiasis cannot be overlooked.
Prevalence studies conducted in pre-weaned calves, post-weaned calves, 1–2 year-old heifers,
and adult dairy cows in USA reported varying levels of the zoonotic Assemblage A in farms
(Trout et al., 2004, 2005; Trout et al., 2006; Trout et al., 2007) and a similar prevalence of
Assemblages A and E in adult dairy cattle in a veterinary college teaching herd (Uehlinger et
al., 2006). Infected cattle may pose a zoonotic risk to farmers, veterinarians and the general
human population in the region through direct contact and via water and food contamination.
Further research should be conducted in animals and human as the source of human
outbreaks of giardiasis is rarely determined (O'Handley et al., 2000b).
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1.4.5 TREATMENT AND CONTROL
Several compounds such as metronidazole (St. Jean et al., 1987; Xiao et al., 1993),
dimetridazole (St. Jean et al., 1987), fenbendazole and albendazole (Xiao et al., 1996;
O'Handley et al., 1997; O'Handley et al., 2000b) have shown symptomatic improvement for
giardiasis in calves. Treatment with albendazole (20 mg/kg during three consecutive days)
and fenbendazole (5–20 mg/kg during three consecutive days) were successful in reducing
the cyst excretion by about 90% after treatment (Xiao et al., 1996; O'Handley et al., 1997;
O'Handley et al., 2000b). A recent study, showed paronomycin sulphate administered daily at
75mg/kg for five days was effective in treating giardiasis in calves (Geurden et al., 2006b).

A G. duodenalis vaccine, produced from trophozoites isolated from sheep, is available for
dogs and cats in North America (Olson et al., 2000). However, no Giardia vaccine is
available for use in ruminants to date.

Treatment alone however, cannot be relied upon to reduce Giardia infection in livestock as
high environmental contamination rates cause re–infection and therefore daily administration
of drugs would be necessary (O'Handley et al., 2000a; Geurden et al., 2006b). Integrated
control programs using good management practices such as good animal husbandry, prompt
removal of faeces and cleaning and disinfection of the environment are necessary to minimise
the chances of re-infection and transmission of Giardia (O'Handley et al., 2000b; Geurden et
al., 2006b).
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1.5 AIMS AND OBJECTIVES

The aim of the present study is to determine the prevalence and genotypes of
Cryptosporidium and Giardia in pre-weaned and post-weaned dairy calves in Johor State in
Malaysia. The objectives of the study are:
a) To determine the prevalence and species of Cryptosporidium and Giardia in preweaned and post-weaned dairy cattle.
b) To determine if factors such as intensive and semi intensive farming practices
influence the prevalence of Cryptosporidium and Giardia in cattle in Malaysia.
c) To identify other management factors which influence the prevalence of
Cryptosporidium and Giardia in cattle in Malaysia.
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CHAPTER 2: MATERIALS AND METHODS
2.1

STUDY POPULATION

Malaysia is a country containing 13 states and three federal territories located in Southeast
Asia. The country consists of two geographical regions (Peninsular Malaysia and Malaysian
Borneo) divided by the South China Sea. Peninsular Malaysia is bordered by Thailand to the
north, Singapore to the south, the South China Sea to the east, and the Straits of Malacca to
the west. Malaysian Borneo shares its southern border with Indonesia and is cradled by the
South China Sea to the west and north, and the Sulu Sea to the northeast. Peninsular Malaysia
consists of 11 states and two federal territories and Malaysian Borneo consists of two states
and one federal territory. The country experiences tropical weather throughout the year.
Temperatures range from 21ºC (70ºF) to 32ºC (90ºF) with higher altitudes much colder with
temperatures between 15°C (59° F) to 25°C (77°F). Annual rainfall varies from 2,000 mm to
2,500 mm (Tourism Malaysia, 2009).

Malaysia has a total cattle population of 847,757 (DVS, 2009a) and the volume of milk
produced in 2008 was 56.49 million litres (DVS, 2009b). The dairy industry is concentrated
in the five states of Johor, Selangor, Sabah, Perak and Kedah. The state of Johor is located in
the southern part of Peninsular Malaysia near Singapore and was chosen as the study site for
the work reported in this thesis as it is the main contributor to dairy production in Malaysia.
Approximately 19% (11.20 million litres) of the total milk production of Malaysia was
produced in Johor (JPVM, 2008). The study described in this thesis was carried out in two
districts in Johor: Johor Bahru and Kluang (Figure 2.1). These two districts were chosen
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because of the high concentration of dairy farms, which contribute approximately 80% of the
total dairy production in the state of Johor.

A complete list of dairy cattle farms was obtained from the District Milk Collecting Centre
(DMCC) in Johor Bahru (Kamal, 2008). The farms were classified into two categories based
on their farm management practices: intensive or semi intensive. Intensive farms were
defined as farms where animals were kept inside the barn 24 hours a day without grazing and
feed supplements were given. Semi intensive farms were defined as farms where animals
were permitted to graze outside the barn few hours a day and were kept in the barn during
night-time. All farms were listed based on farms with the highest population of animals.
Farms were selected based on the highest population for each farming system. Once the
farms were identified, a formal letter was written to seek permission from the Johor State
Department of Veterinary Services (DVS) and DMCC to visit the farms. If a particular
farmer declined to participate, the second highest farm was chosen.

2.2

SURVEY DESIGN

The study was designed to determine the prevalence of infection with Cryptosporidium sp.
and Giardia sp. in pre and post-weaned dairy calves. A cross sectional study design was used
to investigate the association between Cryptosporidium and Giardia infection in these dairy
cattle and potential risk factors that may contribute to infection. Farmers from each selected
farm were initially contacted via telephone and informed of the study. Upon consent, the
researchers along with one or two field personnel from the regional DVS laboratory visited
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the farm. At the farm, each farmer was given a letter explaining the study and its objectives
and the confidentiality of the data collected was confirmed. Permission was also obtained to
collect samples from cattle and to conduct an interview by the signing of a verbal consent
form. Permission to undertake the questionnaire and collect samples from the animals was
also obtained from the Murdoch University Human Ethics Committee (2008/205) and the
Murdoch University Animal Ethics Committee (R2193/08).

The sample size was estimated by using an assumption of a prevalence of 10% with 90%
confidence intervals (CI) based on previous studies in cattle (Halim et al., 2008). Sample size
was calculated based on the total population of dairy calves in the district and an assumed
herd prevalence of 10% using Survey Toolbox (Version 1.04 – Cameron). Farms were
selected based on the total cattle population and the type of management practiced; i.e.
intensive or semi intensive. The number of samples taken for each farm was based on the
proportion of the population size of the farm compared to the total number of animals in the
sampling population. Seven farms from the Kluang district and nine farms from the Johor
Bahru district were included in the study (Figure 2.1). The 9 dairy farms in the Johor Bahru
district consisted of 4 semi intensive and 5 intensive farms. The 7 farms from the Kluang
district included 4 semi intensive and 3 intensive farms. Semi intensive farms were chosen
largely on the basis of population size to ensure that an adequate number of samples could be
collected. However, as only a small number of intensive farms operate in these regions, all
intensive farms were selected. A total of 120 faecal samples were collected from each of the
two districts.
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Figure 2.1: Location of farms sampled in the Johor Bahru and Kluang districts in Malaysia.

Of the 120 samples collected from each district, 60 were collected from semi intensive farms
and 60 from intensive farms (Figure 2.2). An equal number of faecal samples were collected
from pre-weaned calves (≤ 4.5 months of age) and from post-weaned calves (> 4.5 months
but ≤ 12 months of age). The number of calf faecal samples taken for each farm was based on
the proportion of calves on the farm compared to the total population of animals on the farm.
The samples were taken from all calves that were apparently healthy. A questionnaire about
the general characteristics of each farm and the housing conditions for the calves was
undertaken at the same time as the samples were collected (see Appendix 1).
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Figure 2.2: Flow diagram illustrating the collection of samples.

2.3

DESIGN OF THE QUESTIONNAIRE.

The questionnaire (Appendix 1) was designed to collect data on demographic, management
and health factors hypothesized to be associated with the risk of infection with
Cryptosporidium sp. and/or Giardia sp. in dairy herds. The demographic data included
geographic location, total population, age distribution and breed of animals. Management
factors, covering a wide range of management practices, were divided into four broad
categories: maternity, pre-weaning, post-weaning and general management. Other
information such as feeding practices, waste treatment, purchasing of cattle (introduction of
new animals), vaccination programmes, deworming programmes, water sources (e.g. pond,
river, tap, underground), other animals raised or kept on the farms (e.g. chickens, cats, dogs,
etc.), distance to other cattle farms and to other animal farms and farm bio-security (e.g.
access to visitors; perimeter fences; disinfection of or spraying of entering vehicles) was also
collected. The questionnaire was pre-tested by giving the questionnaire to three other field
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veterinarians to obtain feedback on the design and structure of the questions. The finalised
questionnaire was translated to Malay language before the interviews were conducted. The
interview was performed in the Malay language to all the farmers.

2.4

COLLECTION OF SAMPLES

A total of 240 faecal samples were collected from calves aged one day to 12 months old. The
samples were taken directly from the rectum using plastic gloves. Sampling was conducted
between October 2008 and February 2009. The information for individual animals such as
sampling date, breed, sex, age and animal identification was collected. The plastic flasks
containing the samples were transported to the laboratory in a cool box and stored at 4 °C
until required. Faecal appearance was scored at the laboratory from 1 to 4. A faecal score of 1
= normal (firm but not hard), 2 = soft (unformed stool), 3 = runny (semi-liquid stool) and 4
=watery (liquid consistency).

2.5

FAECAL PROCESSING

2.5.1 CONCENTRATION AND PURIFICATION OF CRYPTOSPORIDIUM
OOCYSTS
2.5.1.1 Ether PBS Sedimentation
Faecal samples (1 g) were emulsified with 2 ml of PBS solution using a wooden applicator
stick. Samples were strained through a layer of sterile gauze and 2 ml aliquots were added to
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sterile 10 ml tubes containing 8 ml of PBS. Ether was added (2 ml) to each tube and the
contents mixed thoroughly by shaking, and centrifuged (900 x g) for 3 min. Four layers: a
solvent, a plug of debris, PBS, and sediment, usually resulted. The top three layers were
removed and the pellet washed and resuspended in 1 ml of PBS.

2.5.2 CONCENTRATION AND PURIFICATION OF GIARDIA CYSTS
2.5.2.1 Water EtherPurification
Purification of faeces for Giardia was carried out using water ether purification with some
modifications (Bukhari and Smith, 1995). Faecal samples (0.5 g to 1 gm) were emulsified
using a wooden applicator stick and vigorously shaken in 4 ml de-ionised water. Samples
were strained through a layer of sterile gauze and 4 ml aliquots were added to sterile 10 ml
tubes containing 6 ml of de-ionised water. The suspension was washed in dH2O at least twice
or until the supernatant became clear, by centrifuging at 500 x g for 4 min. Cysts were
resuspended in 1ml of dH2O.

2.5.3 STAINING FOR CRYPTOSPORIDIUM OOCYSTS
2.5.3.1 Kinyoun’s modified Ziehl-Neelsen stain
One drop of faecal suspension resulting from the PBS ether sedimentation was placed on a
slide, dried in air and fixed in 96% methanol for three minutes. Fixed slides were stained with
filtered Kinyoun‘s Carbol Fuchsin for 5 min and then washed in water. After that,
decolourisation was carried out using hydrogen sulphide (H 2SO4) for 30 sec and followed by
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counterstaining using methylene blue. Slides were then washed and dried and examined
under 40X for screening and 100X for confirmation.

2.5.4 STAINING FOR GIARDIA.
2.5.4.1 Giemsa stain
A drop of Giemsa solution was mixed with a drop of faecal suspension from the water ether
purification described above. The sample was then examined immediately as a wet mount.
The most appropriate concentration of giemsa was evaluated by using 8%, 4% and 2%
respectively. Trophozoites and cysts pick up the giemsa and stain a purplish color.

2.6.

DETECTION OF (OO)CYSTS

Faecal smears were examined for the presence of Cryptosporidium and Giardia (oo)cysts
using 40x and 100x objectives. Oocysts should appear bright and unstained against a bluish
green background. The intensity of infection was estimated semi-quantitatively according to
the average number of oocysts in 20 randomly selected fields at 1000× magnification. Semiquantitative enumeration was performed, with 0 = (oo)cysts not seen, +(few) = < 1 (oo)cysts
per 40x field view, ++ (moderate) = <10 (oo)cysts per 40x field view and +++ (many) = >10
(oo)cysts per 40x field view (Castro-Hermida et al., 2002).
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2.7

EXTRACTION OF GENOMIC DNA

Genomic DNA was extracted from 200mg of each faecal sample using a QIAamp DNA Mini
Stool Kit (Qiagen, Hilden, Germany). Modifications to the manufacturer‘s protocol included
a raised initial incubation temperature to 95 °C for 10 minutes to ensure lysis of the robust
oocysts/cysts and an increase in elution time to 20 min. DNA was eluted in 50 ul of AE
buffer to concentrate the DNA. Eluted DNA was stored at -20 °C until required.

2.8 POLYMERASE CHAIN REACTION (PCR) AMPLIFICATION
AND SEQUENCING
2.8.1 18S rDNA AMPLIFICATION FOR CRYPTOSPORIDIUM SP.
All samples were amplified with a two-step nested PCR at the 18S rRNA gene for
Cryptosporidium species. The primary PCR amplified a 763 bp product using the forward
primer 18SiCF2 (5‘- GAC ATA TCA TTC AAG TTT CTG ACC-3‘) and the reverse primer
18SiCR2 (5‘-CTG AAG GAG TAA GGA ACA ACC-3‘ (Ryan et al., 2003a). The PCR
mixture consisted of 200 µM (each) deoxynucleotide triphosphates (dNTP) (Fisher Biotech),
1 x DNA polymerase reaction buffer (Fisher Biotech), 1.5 mM MgCl2 (Fisher Biotech), 0.5 U
of Tth plus DNA polymerase (Fisher Biotech) and 12.5 pmol of forward and reverse primers.
PCR reactions containing 1 µl of DNA were amplified in a total volume of 25 µl reaction
mixture. Forty-eight PCR cycles (94 ºC for 30 sec, 58 ºC for 30 sec, 72 ºC for 45 sec) were
carried out in an Applied Biosystems Gene Amp PCR System 2700 thermocycler with a
preliminary cycle (95 ºC for 2 min, 58 ºC for 1 min, 72 ºC for 2 min) and a final extension
(72 ºC for 7 min). Cryptosporidium hominis was used as a positive control (local human
clinical isolate) and a negative control (no DNA) was included for all reactions. For the
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secondary PCR, the same PCR mixture was prepared as above using 1 µl of primary PCR
product and nested forward 18SiCF1 (5‘-CCT ATC AGC TTT AGA CGG TAG G-3‘) and
nested reverse 18SiCR1 (5‘-TCT AAG AAT TTC ACC TCT GAC TG-3‘) primers (Ryan et
al., 2003a). The conditions for the secondary PCR were identical to the primary. Gel
electrophoresis was carried out to visualize the secondary PCR product (587bp) for positive
samples.

2.8.2 qPCR FOR CRYPTOSPORIDIUM SP.
Thirteen samples that were positive for Cryptosporidium sp. at the 18S locus were also
screened using a C. parvum and C. hominis-specific quantitative PCR (qPCR) at a unique
Cryptosporidium-specific protein-coding locus (Morgan et al., 1997). A forward primer,
021F (50-GGTACTGGATAGATAGTGGA-30), which annealed to both C. hominis and C.
parvum was combined in the same reaction with a C. hominis-specific primer, CHR (50CCTCTTTCCAATTAAAGTTGATG-30)

and

(TCCAAATTATTGTAACCTGGAAG-30).
TGATTTTCCAGGCTAC-30)

and

A

C.

a

C.

C.

hominis-specific

parvum

parvum-specific

specific

primer

probe
probe

CPR

(50-FAM(50-JOE-

TGATCTTCCAGGTTAC-30) were also included. Each 15 µL PCR mixture contained 1.x
Hot Star Buffer, 5mM of MgCl2, 1mM dNTP‘s, 2.0 U Hot Star DNA polymerase (Qiagen),
0.2 mM each of forward and reverse primers and 50 nM each of the C. hominis and C.
parvum probes. The PCR cycling conditions consisted of a pre-melt at 95 ºC for 10 min and
then 45 cycles of 95 ºC for 30 s, and a combined annealing and extension step of 61 ºC for 60
s. A standard curve for quantifying C. parvum/C. hominis DNA was generated using DNA
extracted from 10,000 C. parvum and/or C. hominis oocysts and diluted down to 1000, 100,
10 and 1 oocyst equivalents.
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2.8.3 GLUTAMATE DEHYDROGENASE GENE (gdh) AMPLIFICATION FOR
GIARDIA SP.
All samples were amplified using a two step hemi-nested PCR at the gdh locus (Read et al.,
2004). The primary PCR products were amplified using the internal reverse GDHiR (5‘-GTT
RTC CTT GCA CAT CTC-3‘) and external forward GDHeF (5‘-TCA ACG TYA ATC GYG
GYT TCC GT-3‘)(Invitrogen) primer (Read et al., 2004). For the primary reaction, the 25 ul
PCR mixture consisted of 200 µM of each dNTP (Fisher Biotech), 1 x DNA polymerase
reaction buffer (Fisher Biotech), 2.5 mM of MgCl2 (Fisher Biotech), 0.5 U of Tth DNA
polymerase (Fischer Biotech), 1 µl of template DNA and 12.5 pmol of forward and reverse
primers. The mixture was subjected to the forty-eight PCR cycles (95 ºC for 30 sec, 60 ºC for
30 sec and 72 ºC for1 min) in an Applied Biosystems Gene Amp PCR System 2700
thermocycler, with a preliminary cycle (95 ºC for 15 min) and a final extension at 72 ºC for 7
min. A positive control (G. duodenalis Assemblage A) and negative control (no template)
were included in each reaction.

For the secondary PCR, the same PCR mixture was prepared as above using 1 µl of primary
PCR product. The external forward GDHeF was replaced with the internal GDHiF primer
(5‘-CAG TAC AAC TCY GCT CTC GG-3‘)(Invitrogen) (Read et al., 2004). Gel
electrophoresis was carried out to visualize the secondary PCR product (~ 432 bp) for
positive samples.
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2.8.4 18S rDNA GENE AMPLIFICATION FOR GIARDIA SP.
All samples were amplified using two step nested PCR at the 18S rRNA locus. A primary
PCR product of 292 bp was amplified using the forward primer RH11 (5‘-CAT CCG GTC
GAT CCT GCC-3‘) and reverse primer RH4LM (5‘-GTC GAA CCC TGA TTC TCC G-3‘)
(Hopkins et al., 1997). The PCR mixture consisted of 200 µM (each) dNTP (Fisher Biotech),
1 x DNA polymerase reaction buffer (Fisher Biotech), 2.0 mM MgCl2 (Fisher Biotech), 0.5 U
of Tth plus DNA polymerase (Fisher Biotech), 1.25 µl dimethyl sulfoxide (DMSO) and 12.5
pmol of forward and reverse primers. The mixture was subjected to the forty-eight PCR
cycles (95 ºC for 30 sec, 58 ºC for 20 sec, 72 ºC for 45 sec) and a final extension (72 ºC for 7
min) with a preliminary cycle (95 ºC for 2 min, 58 ºC for 1 min, 72 ºC for 2 min) in an
Applied Biosystems Gene Amp PCR System 2700 thermocycler.

For the secondary PCR reaction, the same PCR mixture was prepared as above without
DMSO with the use of 1 µl of primary PCR product. The secondary PCR 130 bp product was
amplified using the forward primer Giar18SER (5‘-GAC GCT CTC CCC AAG GAC -3‘)
and reverse primer Giar18SIR (5‘-CTG CGT CAC GCT GCT CG -3‘) (Read et al., 2002).
The mixture was subjected to forty-eight PCR cycles (95 ºC for 30 sec, 60 ºC for 20 sec, 72
ºC for 30 sec) and a final extension (72 ºC for 7 min) with a preliminary cycle (95 ºC for 2
min, 60 ºC for 1 min,72 ºC for 2 min). Giardia duodenalis Assemblage A was used as the
positive control and no DNA for the negative control. Gel electrophoresis was carried out to
visualize the secondary PCR product (130 bp) for positive samples.
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2.8.5 GP60 Amplification
Subgenotyping of C. parvum isolates was performed using a two-step nested PCR to amplify
an 832 bp fragment of the GP60 gene. For the primary reaction, a PCR product of ~ 995 bp
was amplified using the forward primer, StrongGP60 F1: 5-ATG AGA TTG TCG CTC ATT
ATC-3and the reverse primer, StrongGP60 R1: 5-TTA CAA CAC GAA TAA GGC TGC-3
(Strong et al., 2000). Secondary reactions were carried out using 1 L of primary PCR by
using forward primers CDCGP60 F2: 5-TCC GCT GTA TTC TCA AGC C-3 and reverse
primer CDCGP60 R2: 5-GCA GAG GAA CCA GCA TC-3 (Peng et al., 2003b) to produce
a PCR product of ~ 832 bp. PCR reactions containing 0.01-1.0 ng of DNA were amplified in
a total volume of 25L reaction mixture. PCR reactions consisted of 0.5 U of Tth polymerase
(Fisher Biotech, Perth WA), 10 x DNA reaction buffer (Fisher Biotech, Perth WA), 1.5mM
MgCl (Fisher Biotech, Perth WA), 0.25mM of each dNTP and 12.5uM of forward and
reverse primers (Invitrogen, Australia Pty Ltd). The reactions were carried out in a VeritiTM
thermocycler (Applied Biosystems) with preliminary cycles of 94 C for 2 min, 56 C for 1
min and 72 C for 2 min, followed by 48 PCR cycles of 94 C for 30 sec, 56 C for 20 sec
and 72 C for 1 min, and a final extension of 72 C for 7 min. The secondary PCR thermal
cycling conditions were identical to that of the primary reaction, with the exception that the
annealing temperature was reduced from 56 C to 54 C for the secondary PCR reactions.

2.8.6 AGAROSE GEL ELECTROPHORESIS
Horizontal gel electrophoresis was performed using 1.0% agarose gels (Promega, Madison,
U.S.A.) in 1x TAE buffer (40mM Tris-HCL; 20mM acetate; 2mM EDTA pH adjusted to 8.0)
stained with 4X concentration of SYBR safe DNA gel stain (Invitrogen, USA). Positive
59

samples were run again in 1.5% agarose gel for quantification to obtain sufficient DNA
template for purification. Post electrophoresis PCR product visualization was performed
using UV-transillumination of the gel.

2.8.7 PURIFICATION OF PCR PRODUCTS
Amplified DNA fragments were excised from the gel using a sterile scalpel blade and placed
in a 1.5 ml Eppendorf tube and frozen immediately for a minimum of 2 hours (preferably
overnight). DNA purification was carried out by using UltraCleanTM DNA Purification Kit
(MO BIO Laboratories, Inc). Quantitative determination of the eluted DNA was carried out
by agarose gel electrophoresis using 2 µl of the eluted DNA run against 2 µl of 100 bp low
molecular weight DNA marker (Promega) of known concentration.

2.8.8 SEQUENCING OF PCR PRODUCTS
Purified secondary PCR products were sequenced using a Big Dye version 3.1 Dye
Terminator Cycle Sequencing Kit (Applied Biosystems, Foster City, California) according to
the manufacturer‘s instructions. One eighth reactions were performed with the reaction
mixture containing 1 µl dye terminator mix, 1.5 µl 5x sequencing buffer (Applied
Biosystems), 6.25 pmoles primer and a template volume of 1-6.5 µl based on the previous
quantification step. The reaction was made up to a final volume of 10 µl with PCR grade
water (Fisher Biotech). Thermal cycling conditions were: an initial hold on 96 °C for 2
minutes, followed by 30 cycles of 96 °C for 10 sec., 58 °C for 5 sec. and 60 °C for 4 mins.
For Giardia, the sequencing cycle was similar except the annealing temperature was
increased to 60 °C.
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2.8.9 POST SEQUENCING PURIFICATION
An ethanol precipitation step was used post-reaction to remove salts and remaining dye
terminators. For each sequencing reaction, the full 10 µl sequencing reaction was transferred
to the 0.6 ml Eppendorf tube containing 1 µl of 125 mM EDTA, 1 µl of 3M sodium acetate
and 25 µl of 100% ethanol and mixed by pipetting and left to stand at room temperature for
20 min. The solution was then centrifuged at 20,000 x g for 30 min. and the supernatant
discarded. The DNA pellet was then washed with 125 µl of 70% ethanol and centrifuged
again at 20,000 x g for 5 minutes. The supernatant was discarded and the interior of each
eppendorf tube was dried with the tip of a Kim wipe, before been placed in the Speed vacuum
for 1 hour.

2.8.10 SEQUENCE AND PHYLOGENETIC ANALYSIS
Nucleotide

sequences

generated

were

analysed

using

Chromas

v2.3

(http://www.technelysium.com.au) and aligned with each other and with known
Cryptosporidium or Giardia species, using Clustal W (http://www.ebi.ac.uk/clustalw/).
Phylogenetic analysis was used for the aligned sequences to assess the relationship among
isolates. Neighbour-joining trees were constructed using the program TREECON for
Windows v1.3b (Van de Peer and De Wachter, 1997) based on evolutionary distances
between isolates calculated by the Tamura Nei model and grouped using Neighbour-Joining.
The confidence of groupings was assessed by bootstrapping, using 1000 replicates.
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2.9

DATA ANALYSES

The overall prevalence for Cryptosporidium and Giardia infection was calculated by dividing
the number of positive isolates by the total number sampled. Farm prevalence was calculated
by dividing the number of farms with at least one positive animal by the total number of
farms sampled. The prevalence on positive farms was calculated by dividing the number of
positive animals identified on positive farms by the total number of animals sampled on those
farms. The prevalence of Cryptosporidium species in both pre-weaned and post-weaned
calves was calculated by dividing the total number of species identified by the total number
of animal sampled in that group. Age group prevalence was calculated by dividing the
number of positive animals identified in each age group by the total number of animals
sampled in that age group. The prevalence of different species of Cryptosporidium in each
age group was calculated by dividing the number of identified Cryptosporidium species from
positive isolates by the total number of animals sampled in that age group. Prevalence and
their 95% confidence intervals were calculated using the normal approximation method
(Thrusfield, 2005).

2.10 STATISTICAL ANALYSES

Data were entered into Excel version 2007. Statistical analyses were performed using SPSS
version 17.0 (SPSS inc. Chicago, USA) to determine if there were any associations between
the presence of Cryptosporidium or Giardia sp. and the factors surveyed in the questionnaire
using the chi-square test for independence, Fisher‘s exact test and multivariable logistic
regression analyses.
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Initially, all hypothesized risk factors (categorical and continuous variables) were
individually screened for association with Cryptosporidium and/or Giardia infection.
Categorical variables were qualitative data with a limited number of distinct values or
categories (for example, gender or management systems) and numeric codes were used to
represent the categories (ie: 0=female and 1=male). Continuous variables were the variables
with precise values such as total population, age of calves and distance of farm from the
nearest cattle farm. For categorical variables, if the number for a category was less than 5
then the variable was recategorised to form groups (categories) with at least 20 animals per
category/cell. A chi-square test for independence was used to investigate possible
associations between categorical variables and a positive result. Results were considered to
be significant if P <0.05. If appropriate, a Fisher‘s exact test was used instead of the chisquare test for independence. Odds ratios (OR) and their 95% confidence intervals were also
calculated (Thrusfield, 2005). For continuous factors (such as calf age), an analysis of
variance (ANOVA) was used to determine if the means were significantly different for
infected and non-infected groups. Any factors that were significant at P < 0.20 and were
considered to be biologically important were offered to a binary logistic regression model.

Potential multi-collinearity between predictor variables (close linear relationship between two
or more variables) was assessed by checking the collinearity parameters between each
independent variable and this was examined for a Variable Inflation Factor (VIF). Variables
were considered to have a high level of multicollinearity, if the collinearity value was more
than 0.8 and the VIF greater than 1 (Field, 2009). The correlation between variables was
assessed by calculating Pearson‘s or Spearman‘s correlation coefficients, where appropriate.
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If the variables were not mutually exclusive and consequently highly correlated, only one of
the related variables (selection was based on predictor variables that were more highly related
to the infection) was included in the model-building. The decision to include/exclude
variables was made on the basis of distribution and biological plausibility (Dohoo et al.,
2003). In addition, factor analysis was also conducted to examine variables that were highly
related with status of infection (Field, 2009).

For continuous data, normality was checked by using a Shapiro-Wilk test, skewness, kurtosis
and P-P plot. The distribution was considered to be normally distributed if the significance
for the Shapiro-Wilk was > 0.05, skewness was zero; the Kurtosis was zero and all data
points were symmetrical and perpendicular to the diagonal line of the P-P plot (Field, 2009).
The linearity of continuous variables (calf age) was examined by categorising the continuous
variables into groups and by plotting the log odds ratio for each group against the midpoint
for that group. A correlation coefficient of 0.7 or higher was used to support the assumption
of linearity (Hill &Ward, 2008). Continuous variables that were not normally distributed and
were not linear were categorised before inclusion in the models.

Models were built using a manual backwards elimination process as described by Dohoo et
al., (2003), with a significance level of P > 0.05 as the criterion for removal of a variable
from the model. Significant and biologically important discrete and continuous variables with
P values < 0.2 were offered to the multivariable analysis. Variables were removed by using a
backward conditional procedure. Variables with high collinearity (r > 0.8) were excluded
from the analysis. The analysis commenced with a full or saturated model and variables were
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eliminated from the model in an iterative process. Once a variable was removed from the
model, it remained excluded from the model. The level of significance for a factor to remain
in the final model was set at 5%. The suitability of the final model was assessed based on the
Hosmer and Lemeshow, Cox and Snell R Square and Nagelkerke R Square values (Field,
2009).

Logistic-normal multiple regression was used to create a multivariable random-effects model.
Only variables significant at P  0.20 in the univariable analyses were considered eligible for
inclusion in the logistic multiple regression (Hosmer and Lemeshow, 1989; Frankena and
Graat, 1997). Dummy variables were generated for any categorical variable with more than
two levels. Backward elimination was used to determine which factors could be dropped
from the multivariable model (Hosmer and Lemeshow, 1989). The likelihood-ratio test
statistic was calculated to determine the significance at each step of the model building.
Because of the likely presence of additional variation due to the clustering of animals into
herds, herd was incorporated as a random effect in the model (Curtis et al., 1993). The
goodness-of-fit for the random effects was evaluated by comparing the deviance and the
change in the degrees of freedom. The level of significance for a factor to remain in the final
model was set at 5%. Two-way interaction terms among the explanatory variables were
examined after identification of the reduced set main effects. Each interaction was added to
the model and the significance assessed in the same way as for the explanatory variables.

Model diagnostics were carried out to check overall fit of the final model. This showed
whether the model fitted the observed data well or was influenced by a small number of cases
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and if the regression model could be generalized to the wider population. Model diagnostics
were performed by examining the Hosmer and Lemeshow statistic, Cox and Snell R 2
/Nagelkerke R2 values, standardised residuals, Cook‘s distance values and DFBeta to assess
general model fit, outliers, and observations (cases) that may have influenced the model.
Outliers were detected by examining the residual for all cases (total observed samples
n=240). The residuals were the difference between the outcome value predicted by the model
and the value of the outcome observed in the sample. The residual value should be small if
the sample fits the model well. The standardised residual was used because it was the
adjusted residual calculated by dividing the residual by an estimate of their standard
deviation. The influence of the cases over the model was investigated by examining Cook‘s
distance, Leverage and DFBeta. Cook‘s distance is a measure of the overall influence of the
case on the model. Leverage is the measure of the strength of the influence of the observed
value on the outcome variables over the predicted value and DFBeta is the difference
between a parameter estimated when using all cases and estimates when one case was
excluded from the model (Field, 2009).

The overall fit of the final model was examined by the value of the Hosmer and Lemeshow
statistic (P > 0.05), and Cox and Snell R2 and Nagelkerke R2 values, which could range from
0 to 1 (0 to 100%). A χ2 value and a high P value in the Hosmer and Lemeshow statistic
indicated that the model fitted the data well (Kinnear and Gray, 2008). Values of Cox and
Snell R2 and Nagelkerke R2 indicated the variation in outcome could be explained by the
independent variables in the model with a mean regression model with larger values (close to
1) being better models (Field, 2009).
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A study of influential cases was carried out by checking the standardised residuals ensuring
that no more than 5% of cases had an absolute value above 2 and no more than 1% of cases
were above 2.5 (Field, 2009). Any case with a value above 3 was considered an outlier. Field
(2009) reported that a Cook‘s distance should be less than one; the value should be less than
twice or three times the average leverage value (the number of predictor variables plus one
divided by the sample size) and the absolute value for DFBeta should be less than 1.
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CHAPTER 3: RESULTS AND DISCUSSION
3.1

DESCRIPTIVE ANALYSIS

Data were collected from 16 dairy farms between October 2008 and February 2009 and a
total of 240 faecal samples were collected from these farms. Six of the seven farms visited in
the Kluang district had a total population of more than 120 animals (maximum of 817
animals). The smallest farm in the Kluang District had 50 animals. In contrast all farms
visited in the Johor Bahru district had less than 120 animals.

The breeds of dairy cattle the farms visited were; Friesian Sahiwal cross (20%), Friesian
Sahiwal Jersey cross (57.5%), Malaysian Friesian Sahiwal (Mafriwal)(18.3%) and Jersey
(4.2%). Faecal samples were taken from calves aged from one day to 12 months old. The
proportion of calves that were less than 1 months old was 10%, 1 months old (9%), 2 months
old (10%), 3 months old (13%), 4 months old (9%), 5 months old (13%), 6 months old
(10%), > 6 to 8 months old (11.67%), >8 to 10 months old (11.25%) and 10-12 months old
was (6.67%). 52.9% of the calves were male and 47.1% were female.

Most of the farmers (93.8%) kept their calves in a barn all the time. The majority (75%) of
farmers kept their pre-weaned calves in groups and only 6.2% of the farmers kept their calves
in individual pens. However, a few farmers (18.8%) practiced a combination of group and
individual penning for their pre-weaned calves i.e. pre-weaned calves less than one month
were kept in individual pens and pre-weaned calves more than one month old were kept in
group pens. Most of the farmers (69%) kept pre-weaned calves in pens with a slatted floor
68

(Figures 3.12 and 3.13). All farmers kept their weaned calves in group pens with most
(93.8%) keeping them in pens with a concrete floor (Figure 3.14), and the remainder (6.2%)
kept them in pens with a sand floor (Figure 3.15). Drinking water sources for the calves
included groundwater (37.5%), tap water (56.3%) or pond water (6.2%). Most farms (75%)
did not treat the water given to the calves. All farmers provided feed supplements to their
calves. Most farmers (93.8%) practiced navel dipping of newborn calves with tincture of
iodine. The majority of farmers (81.2%) did not practice ―appropriate‖ faecal treatment sucah
as lagoon systems, solid separators or composting. Almost all farmers (93%) did not allow
unauthorized personnel to enter their farms, however pre-entry wheel-dipping for vehicles
entering the farms was not common (25% of farms). All of the farmers knew the clinical
signs of parasitic infestations (commonly due to helminths) and diarrhoea and knew how to
treat these problems; however no farmers had heard of parasitic infections due to
Cryptosporidium or Giardia.

69

Figure 3.12. Pre-weaned calves kept in group pens on a slatted floor.

Figure 3.13. Pre-weaned calves kept in individual pens on a slatted floor.
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Figure 3.14. Weaned calves kept in group pens with a cement floor.

Figure 3.15. Weaned calves kept in group pens with a sand floor.
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3.2

CRYPTOSPORIDIUM.

3.2.1 PREVALENCE OF CRYPTOSPORIDIUM.
A total of 240 cattle faecal samples were screened using PCR amplification at the 18S rDNA
gene locus for the presence of Cryptosporidium. Sixty-five samples were positive for
Cryptosporidium giving a total prevalence of 27.1% (95% CI: 21.5, 32.7%) in animals
sampled during this study. The pre-weaned calf prevalence was 30.8% (95% CI: 22.6, 39.1%)
and was similar to post-weaned calf prevalence at 23.3% (95% CI: 15.8, 30.9) (χ2=1.92,
df=1,1, P=0.17) (Table 3.1, Appendix 2). Twelve farms were positive for Cryptosporidium
out of the 16 farms selected, with an overall farm prevalence of 75% (95% CI: 53.8, 96.2%).
Between farms, the prevalence ranged from 0% to 64.5% (Table 3.1, Appendix 2). Due to the
low oocyst numbers present in the faecal samples and the AT richness of the
Cryptosporidium genome (and therefore incompatibility with the Big Dye version 3.1 Dye
Terminator Cycle Sequencing Kit), only fifty-one Cryptosporidium positive samples of the
sixty five identified were able to be sequenced. Sequence analysis identified seven samples as
C. parvum, fourteen samples as C. andersoni, sixteen samples as C. bovis, ten samples as C.
ryanae and four isolates had mixed infections (Table 3.2, Appendix 3). Due to the difficulty
in sequencing at the 18S locus, a subset of samples (n=13) that had multiple peaks on the
sequencing chromatogram were also screened by a qPCR at a diagnostic locus previously
described (Yang et al., 2009). qPCR analysis at this locus identified an additional two isolates
as C. parvum (Table 3.2, Appendix 3).
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Microscopic screening of samples using Kinyoun staining identified twenty samples as
positive for Cryptosporidium. The discrepancy between microscopy and PCR is likely due to
the sporadic shedding of this parasite and the low sensitivity of microscopy staining
techniques which has a detection limit of < 50,000 oocysts/gram faeces (Weber et al., 1991).

3.2.1.1 Cryptosporidium prevalence in relation to farming systems
A comparison of Cryptosporidium sp. prevalence based on farming systems revealed that
intensive farms had a higher prevalence of Cryptosporidium; 31.7% (n=38) (95% CI: 23.3,
40%) compared with semi intensive farms, which had an overall prevalence of 22.5% (n
=27) (95% CI: 15,30%). Although the prevalence was higher in intensive farms, the
proportion of Cryptosporidium positive calves in intensive and semi intensive farms was not
significantly different (χ2=2.55, df=1,1, P=0.11). The prevalence of Cryptosporidium in preweaned calves in intensive farms was 38.8% (n=19) (95% CI: 25.1,52.4%) and was similar to
semi intensive farms; 25.7% (n=18) (95% CI: 15.5,36%) (χ2=2.29, df=1,1, P=0.13). The
prevalence of Cryptosporidium in post-weaned calves in intensive farms was 26.8% (n =19)
(95% CI: 16.5, 37.1%) and was also similar to semi intensive farms; 18% (95% CI: 7.4%,
28.6%) ((χ2=1.72, df=1,1, P=0.26) (Table 3.1).
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Table 3.1: prevalence of Cryptosporidium in pre-weaned and post-weaned calves according
to farming systems.
Farming
systems

Pre-weaned calves

Post-weaned calves

No of
positive
calves

Prevalence %
(95% CI)

No of
positive
calves

Prevalence %
(95% CI)

Intensive

19/49

38.8% (95% CI:25.1, 52.4%)

19/71

26.8% (95% CI:16.5, 37.1%)

Semiintensive

18/70

25.7% (95% CI15.5, 36%)

9/50

18% (95% CI:7.4, 28.6%)

Overall

37/120

30.8% (95% CI:22.6, 39.1%)

28/120

23.3% (95% CI:15.8, 30.9%)

The prevalence of Cryptosporidium in intensive farms ranged from 0% to 64.5% (Figure 3.2).
The highest prevalence of Cryptosporidium in pre-weaned and post-weaned calves was
62.5%, (95% CI: 38.8, 86.2%) and 66.7%, (95% CI: 42.8, 90.5%), respectively in farm JC 01
(Figure 3.1). The prevalence of Cryptosporidium in semi-intensive farms ranged from 0% to
43.8% (Figure 3.2). The highest prevalence of Cryptosporidium in pre-weaned and postweaned calves was 42.9% (95% CI: 16.9, 68.8%) and 60%, 95% (CI: 17.1, 100%),
respectively in farm JA 13 (Figure 3.2). Figure 3.1 and 3.2 are also presented in a table form
in the appendix (Table 3.2).
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Figure 3.1: Cryptosporidium prevalence in individual farms using intensive farming systems.

Figure 3.2: Cryptosporidium prevalence in individual farms using semi intensive farming systems.
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3.2.1.2 Prevalence of Cryptosporidium species in pre-weaned and post-weaned calves
The present study identified that from 240 samples tested, 16 (6.7%, 95% CI: 3.5, 9.8%) were
C. bovis, 14 (5.8%, 95% CI: 2.9,8.8%) were C. andersoni, 10 (4.2%, 95% CI: 1.6, 6.7%)
were C. ryanae, 9 (3.8%, 95% CI: 1.3,6.2%) were C. parvum and 4 (1.7%, 95% CI: 0, 3.3%)
were mixed species. In 120 pre-weaned calf faecal samples, 9 (28%) were C. parvum and C.
bovis respectively, 7 (22%) were C. andersoni; 4 (13%) were C. ryanae and 3 (9%) were
mixed species. Of the 120 post-weaned calf faecal samples; 7 (35%) were C. bovis, 6 (30%)
were C. andersoni and C. ryanae respectively and 1 (5%) were mixed sp. (Figure 3.3).
Cryptosporidium parvum was not detected in the post-weaned calves.

Figure 3.3: The prevalence of different Cryptosporidium species in pre-weaned and post-weaned
calves.

3.2.1.3 Prevalence of Cryptosporidium species according to calf age.
The highest prevalence of Cryptosporidium sp. was detected in calves less than one-month
old; 45.8% (n=11) (95% CI: 25.9,65.8%) and dropped sharply to 19% (n=4) (95% CI: 2.3,
35.8%) for calves one-month old, then increased to 33.3% (n =8) (95% CI: 14.5, 52.2%) in
two-month old calves, and dropped again to 25% (n=8) (95% CI: 10, 40%) before increasing
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to the second highest peak at 38.1% (n =8) (95% CI: 17.3,58.9%) in four-month old calves.
For calves > than eight to ten-months old, the prevalence dropped sharply to 21.7% (n=5)
(95% CI: 4.9,38.6%) and was lowest for calves aged >10 to 12-months old; 15.4% (n=2)
(95% CI: 0,35%) (Figure 3.4). However the proportion of Cryptosporidium positive calves in
the different age groups was not significantly different (χ2=7.89, df=1,9, P=0.54).

Figure 3.4: Prevalence of Cryptosporidium according to calf age. Note: n= represents the total number of
calves within the specific age group in the study population.

Cryptosporidium parvum was only isolated from calves less than one and four-months old,
with the highest peak at 33.3% (n =8) (95% CI: 14.5,52.2%) detected in calves aged less than
one-month old (χ2=66.1, df=1,9, P=0.0001). Calves less than one-month old were seven
times more likely to get Cryptosporidium infection (OR=7.0) than four-months old calves.
Cryptosporidium bovis was isolated consistently from calves less than one-month to 10months old (Figure 3.5). The prevalence of C. bovis was low 4.2% (n=1) (95% CI: 0, 12.2%)
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in calves less than one-month old and increased to 12.5% (n=3) (95% CI: 0, 25.7%) for
calves aged two-months old and then fluctuated between 9.9% and 3.7% (95% CI: 0,10.8%)
in calves aged 3 months to <10 months. The proportion of C. bovis positive calves for
different age group was not significantly different (χ2=4.24, df=1,9, P=0.89) (Figure 3.5).

Figure 3.5. Prevalence of different Cryptosporidium species according to calf age. Note: n= represents the
total number of calves within the specific age group in the study population.

Cryptosporidium ryanae was isolated from calves aged one-month to four-months, >6
months to < than 10 months old with the highest peak, 14.3% (n=3) (95% CI: 0, 29.3%) in
one-month old calves. The proportion of C. ryanae positive calves for different age groups
was not significantly different (χ2=10.46, df=1,9, P=0.31). Cryptosporidium andersoni was
only detected in calves three-months and older with the highest peak, 15.4% (n=2), 95% CI:
0, 35%) in 10 to 12 month old calves. In calves ≥ 10 months, only C. andersoni was detected.
The proportion of C. andersoni positive calves for different age groups was not significantly
different (χ2=9.78, df=1,9, P=0.37). Mixed Cryptosporidium infections were detected in
calves less than one-month to three-months old. Mixed infections consisted of C. parvum and
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C. ryanae in two calves aged 2 months, C. parvum and C. bovis in one 3 month old calf and
C. andersoni and C. bovis in one 2 week old calf (χ2=10.55, df=1,9, P=0.31) (Figure 3.5).

3.2.2 PHYLOGENETIC ANALYSIS OF CRYPTOSPORIDIUM ISOLATES AT THE
18S LOCUS.
Of the 65 isolates that were positive for Cryptosporidium sp. by PCR, only 53 were
successfully sequenced. The remaining 12 isolates could not be sequenced due to technical
difficulties. The fifty-three Cryptosporidium sequences were used for phylogenetic analysis
at the 18S locus using distance analysis and neighbour joining and identified two major
groups, the intestinal and the gastric species. Of the 4 species identified as part of the present
study, only C. andersoni grouped with the gastric species. The remaining three species
identified; C. parvum, C. bovis and C. ryanae, all grouped with the intestinal species.
Cryptosporidium ryanae and C. bovis were closely related as they grouped together on the
tree and grouped separately from C. parvum (Figure 3.6). Cryptosporidium bovis isolates also
grouped very closely with C. xiaoi, a recently described species from sheep that to date has
not been identified in cattle (Fayer and Sant'in, 2009). There was little or no intra-isolate
variation.
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Figure 3.6: Evolutionary relationships of Cryptosporidium isolates inferred by neighbour-joining
analysis of Tamura-Nei distances calculated from pairwise comparison of 18S rDNA sequences.
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3.2.3 SUBTYPING OF C. PARVUM ISOLATES AT THE GP60 LOCUS.
At the GP60 locus, eight of 12 C. parvum isolates were successfully sequenced. Of these, five
isolates belonged to the IId subtype family and all five were IIdA15G1. Three isolates
belonged to the IIa subtype family; one was IIa18A3R1 and two isolates were IIa17G2R1
(Table 3.4).

Table 3.4: Subtyping of C. parvum isolates at the GP60 locus.
No

Isolate Code

GP60 genotype

1

JC01-10

IIdA15G1

2

JC01-11

IIdA15G1

3

JC01-12

IIdA15G1

4

JC01-13

IIdA15G1

5

JC01-15

IIdA15G1

6

JC10-02

IIaA18G3R1

7

JC43-03

IIaA17G2R1

8

JC43-06

IIaA17G2R1

81

3.3

GIARDIA

3.3.1 PREVALENCE OF GIARDIA
A total of 240 cattle faecal samples were screened using PCR amplification at the 18S rDNA
and gdh gene loci for the presence of Giardia. Thirty positive Giardia isolates were detected
giving a total prevalence of 12.5% (95% CI: 8.3,16.7%) in animals sampled during this study.
The prevalence in pre-weaned calves were 20 out of 120 calves (16.8%, 95% CI: 10.1,
23.5%) and the prevalence in post-weaned calves were 10 out of 120 calves (8.3%, 95% CI:
3.4,13.2%) (χ2=4, df=1,1, P=0.04) (Table 3.5, Appendix 4). Eleven farms were positive for
Giardia out of the 16 farms selected with an overall farm prevalence of 68.8% (95% CI: 46,
91.5%). Between farms, the prevalence ranged from 0% to 37.5% with the highest prevalence
in Farm JJ 13 (Table 3.5, Appendix 4). Twenty-five Giardia positive samples of the 30
positives identified were able to be sequenced. Sequence analysis identified all 25 samples as
G. duodenalis Assemblage E (Livestock genotype) using a combination of the 18S rDNA and
gdh loci. Only six samples were able to be sequenced at both loci (Table 3.6, Appendix 5).

Microscopic screening of samples using Giemsa staining identified eight samples as positive
for Giardia. Giardia duodenalis cysts were oval or elliptical in shape and ranged in size from
7 to 12 um, with median bodies resembling a claw hammer in shape and 2-4 nuclei
(Thompson et al., 2000; Adam, 2001; Thompson, 2004).

3.3.1.1 Giardia prevalence in relation to farming systems.
A comparison of Giardia prevalence based on farm management practices revealed that semi
intensive farms had a higher overall prevalence for Giardia at 14.2% (n=17) (95% CI: 7.9,
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20.4%) compared with intensive farms, which had an overall prevalence of 10.8% (n=13)
(95% CI: 5.3, 16.4%). However the proportion of Giardia positives calves in intensive and
semi intensive farm was not significantly different (χ2=2.55, df=1,1, P=0.11). The prevalence
of Giardia in pre-weaned calves in semi intensive farms was 21.4% (n=15) (95% CI:
11.8,31%) and was similar to intensive farms at 5 (10.2%, 95% CI: 1.7,18.7%) (χ2=2.60,
df=1,1, P=0.11). The prevalence of Giardia in post-weaned calves was higher in intensive
farms at (11.3% (n=8) (95% CI: 3.9,18.6%) compared to semi intensive farms at (4% (n=2)
(95% CI: 0,9.4%) (Table 3.7). Although the prevalence was higher, the proportion of Giardia
positives in post-weaned calves in intensive and semi intensive farms was not significantly
different (χ2=2.04, df=1,1, P=0.15).
Table 3.5: prevalence of Giardia in pre-weaned and post-weaned calves according to farming
systems.
Farming
systems

Pre-weaned calves

Post-weaned calves

No of
positive
calves

Prevalence %
(95% CI)

No of
positive
calves

Prevalence %
(95% CI)

Intensive

5/49

10.2% (95% CI: 1.7, 18.7%)

8/71

11.3% (95% CI: 3.9,
18.6%)

Semi
intensive

15/70

21.4% (95% CI: 11.8, 31%)

2/50

4% (95% CI: 0, 9.4%)

Overall

20/120

16.8% (95% CI:10.1,
23.2%)

10/120

8.3% (95% CI:3.4,
13.2%)

The prevalence of Giardia in semi intensive farms ranged from 0% to 37.5% (Table 3.5,
Appendix 3) with the highest prevalence in farm JA 13 (Figure 3.8) at 5 (45.5%, 95% CI: 16,
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74.9%) and 1 (20%, 95% CI: 0,55.1%) for pre weaned and post weaned calves respectively
(Fig 3.8). The prevalence of Giardia in intensive farms ranged from 0% to 30.4% (Table 3.5,
Appendix 3), with the highest prevalence in farm JC 43 (Figure 3.9) at 27.3% (n=3) (95% CI:
1, 53.6%) and 33.3% (n=4) (95% CI: 6.7, 60%) for pre weaned and post weaned calves
respectively (Figure 3.9).

Figure 3.8: Giardia prevalence in individual farms using semi intensive farming systems.

Figure 3.9. Giardia prevalence in individual farms using intensive farming systems.
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3.3.1.2 Prevalence of Giardia species in pre-weaned and post-weaned calves
Of the 30 isolates that were positive for Giardia sp. by PCR, only 25 were successfully
sequenced. The remaining 5 isolates could not be sequenced due to technical difficulties. Of
these 25 isolates, 16 were from pre-weaned calves (64%) and 9 from post-weaned calves
(36%). Giardia duodenalis Assemblage E was the only species identified by sequence
analysis in 13.4% (95% CI: 7.3,19.6%) of pre-weaned calves and 7.5% (95% CI: 2.8,12.2%)
of post-weaned calves (χ2=4.0, df=1,1, P=0.04).

3.3.1.3 Prevalence of Giardia species according to calf age.
Giardia was only isolated from calves less than one-month to nine-months old with the
highest peak, 29.2% (n=7) (95% CI: 11,47.4%) detected in calves two-months old, and
reduced gradually to 19% (n=4) (95% CI: 2.3,35.8%) in four-months old calves and then
dropped sharply to 3.2% (n=1) (95% CI: 0,9.4%) in five-month old calves. It increased again
to 14.8% (n=4) (95% CI: 1.4, 28.2%) for calves >than six to eight-months and finally
dropped to 4.3% (n=1) (95% CI: 0, 12.7%) for calves >than eight to nine-months old (Figure
3.10). The proportion of Giardia positive calves according to calf age group was significantly
different (χ2=16.17, df=1,8, P=0.034).
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Fig 3.10: Prevalence of Giardia according to calf age. Note: n= represents the total number of calves within the
specific age group in the study population.

3.3.2 PHYLOGENETIC ANALYSIS OF GIARDIA ISOLATES
Phylogenetic analysis at the 18S locus and gdh loci using distance analysis and neighbour
joining identified all of the twenty five isolates as G. duodenalis Assemblage E (Livestock
genotype). There was little or no intra-isolate variation (data not shown).

3.4 CONCURRENT CRYPTOSPORIDIUM AND GIARDIA
INFECTIONS
Nine samples out of 240 faecal samples were positive for both organisms, 3.8% (95% CI: 1.3,
6.3%). Five farms out of the16 farms selected were positive for both infections with an
overall farm prevalence of 31.3% for mixed infections (95% CI: 8.5,54%). Between farms,
the prevalence of mixed Cryptosporidium and Giardia infections ranged from 0% to 17.4 %
(95% CI: 1.9, 32.9%). Calves infected with both parasites were aged between one to seven
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months old and consisted of six pre-weaned calves; 5.0% (95% CI: 1.1, 9.0%) and three postweaned calves; 2.5% (95% CI: 0,5.3%).

3.5 MANAGEMENT RISK FACTORS FOR THE PREVALENCE OF
CRYPTOSPORIDIUM AND GIARDIA IN DAIRY CALVES

3.5.2 MANAGEMENT RISK FACTORS LINKED TO CRYPTOSPORIDIUM IN
DAIRY CALVES

3.5.2.1 Univariable analyses of discrete variables for association with Cryptosporidium in
dairy calves.
Analysis of management factors that were of a discrete nature such as gender and their
association with the prevalence of Cryptosporidium in dairy calves is outlined in Table 3.8.

Table 3.8: Results from the univariable analyses of potential risk factors for Cryptosporidium
infection.
Variables

Johor Bahru District
Kluang District

Percent of samples
positive for
Cryptosporidium
sp.
21.7
32.5

1.0
1.7 (1.0, 3.1)

0.06*

Semi intensive farm
Intensive farm

22.5
31.7

1.0
1.6 (0.9, 2.8)

0.11*

Female
Male

22.1
31.5

1.0
1.6 (0.9, 2.9)

0.10*

Breed
Jersey(reference)
Mafriwal

10.0
15.9

1.0
1.7 (0.2, 15.6)
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Odds Ratio
(95% CI)

P value

0.06*

Variables

Friesian crossbred

Percent of samples
positive for
Cryptosporidium
sp.
30.6

3.9 (0.5, 32.1)

Post-weaned calves
Pre-weaned calves

23.1
31.1

1.0
1.5 (0.8, 2.7)

0.17*

Calves not kept in a barn all the time
Calves kept in a barn all the time

18.8
27.7

1.0
1.7 (0.5,6.0)

0.44

Calves not grazed at a certain time
Calves grazed at a certain time

27.7
18.8

1.0
0.60 (0.17, 2.17)

0.44#

Calves not separated according to gender
Calves separated according to gender

28.2
25.5

1.0
0.88 (0.49,1.56)

0.65

Calves not given ground water for drinking
Calves given ground water for drinking

24.7
30.9

1.0
1.4 (0.8, 2.4)

0.29

Calves not given tap water for drinking
Calves given tap water for drinking

29.1
25.4

1.0
0.8 (0.5, 1.5)

0.52

Water not treated before use
Water treated before use

29.5
21.6

1.0
0.7 (0.3, 1.3)

0.20

Farms not practicing quarantine of new animals
Farms practicing quarantine of new animals

27.4
26.8

1.0
0.9 (0.5, 1.7)

0.91

No other animals on the farm
Other animals on the farm

22.5
29.8

1.0
1.5 (0.8, 2.7)

0.22

No treatment of faeces
Treatment of faeces

31.2
13.0

1.0
0.3 (0.1, 0.8)

0.008ᴥ*

Calves not born in a multi-cow calving area
Calves born in a multi-cow calving area

23.5
33.0

1.0
1.6 (0.9, 2.9)

0.11*

Calves not born in a single cow calving area
Calves born in a single cow calving area

27.6
25.4

1.0
0.9(0.5, 1.8)

0.74

Calves born inside the yard
Calves born outside the yard

28.8
23.8

1.0
0.8 (0.4, 1.4)

0.40

Calving area was not cleaned before calf birth
Calving area was cleaned before calf birth

22.2
30.0

1.0
1.5 (0.8, 2.8)

0.19*
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Odds Ratio
(95% CI)

P value

Variables

Percent of samples
positive for
Cryptosporidium
sp.

Odds Ratio
(95% CI)

Calving pen without concrete floor
Calving pen with a concrete floor

22.2
30.0

1.0
1.5 (0.5,2.8)

0.19#

Calves not separated from dam within 12 hours of birth
Calves separated from dam within 12 hours of birth

27.3
27.0

1.0
1.0 (0.8, 1.7)

0.96

Pre-weaned calves not kept in common pens
Pre-weaned calves were kept in common pens

5.0
29.1

1.0
7.8 (1.0, 59.5)

0.02ᴥ*

Pre-weaned calves were not kept in individual pen
Pre-weaned calves were kept in individual pen

28.8
23.4

1.0
0.8 (0.4,1.4)

0.37

Pre-weaning pens without a concrete floor
Pre-weaning pens with a concrete floor

25.8
28.0

1.0
1.1 (0.6,2.0)

0.71

Pre-weaning pens without a slatted floor
Pre-weaning pens with a slatted flooring

8.0
32.1

1.0
5.4 (1.9, 15.8)

0.00ᴥ*

Pre-weaning pens without a sand floor
Pre-weaning pens with a sand floor

27.8
10.0

1.0
0.3 (0.0, 2.3)

0.29

Calves get colostrum from another source
Calves get colostrum from their mother

11.1
33.9

1.0
4.1 (1.8, 9.2)

0.00ᴥ*

Calves not given colostrum in a bottle
Calves given colostrum in a bottle

27.3
27.0

1.0
1.0 (0.5, 1.8)

0.96

Calves not fed whole waste milk
Calves fed whole waste milk

28.6
17.6

1.0
0.5 (0.2, 1.4)

0.18*

Calves not fed saleable milk
Calves fed saleable milk

29.7
18.2

1.0
0.5 (0.3, 1.1)

0.09*

Calves not fed milk replacer
Calves fed milk replacer

28.2
23.8

1.0
0.8 (0.4, 1.6)

0.50

Calves not receiving starter feed in the 1st week of life
Calves receiving starter feed in the 1st week of life

22.6
35.8

1.0
1.9 (1.1, 3.4)

0.03ᴥ*

Feeding utensils not washed with disinfectant
Feeding utensils washed with disinfectant

20.8
33.3

1.0
1.9 (1.1, 3.4)

0.03ᴥ*
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P value

Variables

Feeding utensils not washed with soap or detergent
Feeding utensils washed with soap or detergent

Percent of samples
positive for
Cryptosporidium
sp.
26.8
27.6

1.0
1.0 (0.6, 1.9)

0.89

After weaning calves not kept in multi-age groups
After weaning calves kept in multi-age groups

25.2
36.8

1.0
1.7 (0.8, 3.6)

0.14*

Post-weaning pens with other type of flooring
Post-weaning pens with concrete flooring

47.8
24.9

1.0
0.4 (0.2, 0.9)

0.02#

Post-weaning pens with other type of flooring
Post-weaning pens with sand flooring

24.9
47.8

1.0
2.8 (1.2, 6.6)

0.02ᴥ*

Herd not confined to an area surrounded by a fence
Herd confined to an area surrounded by a fence

15.4
28.5

1.0
2.2 (0.8, 6.6)

0.24

Public or unauthorized personnel can‘t enter the farm
Public or unauthorized personnel can enter the herd
area

26.7
27.9

1.0
1.1 (0.7, 2.0)

0.85

No vehicle dip at the entrance of the farm
Vehicle dip at the entrance of the farm

24.5
31.8

1.0
1.4 (0.6, 2.6)

0.23

No medication given to newborn calves
Medication given to newborn calves

21.3
29.7

1.0
1.6 (0.8, 3.0)

0.18*

Mother was not treated for scours before calving
Mother was treated for scours before calving

18.6
30.6

1.0
1.9 (1.0, 3.8)

0.06*

Calves faecal appearance normal
Calves faecal appearance not normal

20.5
33.9

1.0
2.0 (1.1, 3.6)

0.02ᴥ*

Calves faecal appearance not fluid and watery
Calves faecal appearance fluid and watery

24.3
61.1

1.0
4.9 (1.8, 13.2)

0.01ᴥ*

Calves faecal consistency normal
Calves faecal consistency foamy, mucous and sticky

20.5
37.2

1.0
2.3(1.3, 4.1)

0.005ᴥ*

Calves faecal appearance not soft
Calves faecal appearance soft

26.2
28.3

1.0
1.1 (0.6, 2.0)

0.73

Calves faecal colour green
Calves faecal colour yellow, brown and grey

25.7
34.2

1.0
1.5 (0.7, 3.1)

0.28
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Odds Ratio
(95% CI)

P value

Variables

Calves not infected with Giardia
Calves infected with Giardia

Percent of samples
positive for
Cryptosporidium
sp.

Odds Ratio
(95% CI)

26.7
30.0

1.0
1.2 (0.5, 2.7)

P value

0.70

ᴥ-Variables associated with shedding of Cryptosporidium sp. in dairy calves (P < 0.05)
*-Variables offered to the logistic regression model
#-variables not selected because of high collinearity (correlation coefficient > 0.8)

Analysis revealed that 10 management factors were significantly associated with the
prevalence of Cryptosporidium infection in dairy calves (P<0.05). The management factors
were; farms that didn‘t treat the waste effluent/faeces, pre-weaned calves kept in groups, preweaned calves kept in pens with slatted floors, calves that got colostrum from their mother,
calves that received starter feed in the first week of life, post-weaned calves that were kept in
pens with concrete floors and on sand floors, faecal appearance not normal, faecal appearance
fluid and watery and lastly faecal consistency foamy, mucous and sticky.

3.5.2.2 Univariable analyses of continuous variables for association with the prevalence
of Cryptosporidium.
Analyses of all management factors that were of a continuous nature (i.e. calf age, total
population etc) and their association with the prevalence of Cryptosporidium in dairy calves
are listed in Table 3.9.
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Table 3.9: Results of the univariable analyses of potential continuous risk factors for infection
with Cryptosporidium.
Variables
Total population of animals on the farm

Mean value of
negative farms
258.15

Mean value of
positive farms
263.83

P value
0.875

Distance to nearest cattle farm (km)

2.07

1.05

0.003*

Distance to nearest other livestock farm (km)

2.51

1.80

0.024*

13.05

12.83

0.903

2.92

1.95

0.000*

Frequency of administering anthelmintics to
calves per year

1.53

1.34

0.010*

Age of calves (months)

4.88

4.17

0.092*

Time since the last introduction of new
animals (months)
Frequency of treatments to calves per year

*-Variables offered to the logistic regression model

Analysis revealed four management factors (continuous factors) were significantly associated
with Cryptosporidium infection in dairy calves (P<0.05). The management factors were
distance of farm from nearest cattle farms, distance from other livestock farms, number of
treatments given to calves per year and number of doses of anthelmintics given to calves per
year.

3.5.2.3 Multivariable analysis
The final model of the multivariable analysis for identifying management risk factors
associated with Cryptosporidium prevalence in dairy calves is outlined in Table 3.10.
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Table 3.10: Results of binary logistic regression for management risk factors associated with
Cryptosporidium infection in dairy calves.
Variables

ß estimates

Odds Ratio (95% CI)

P- value

Treatment given to the calves at least 3
times/year
Anthelmintics given to the calves at least 4
times/year
Pre-weaning pen with a slatted floor

-1.60

0.20 (0.08, 0.51)

0.001

-2.03

0.13 (0.04, 0.43)

0.001

1.93

6.88 (1.57, 30.18)

0.011

Other cattle farms less than 2.5 km away

2.04

7.72 (2.47, 24.17)

0.000

Post-weaning pen with a sand floor

1.50

4.50 (1.17, 17.31)

0.029

Feeding utensils washed with disinfectant

-1.50

0.22 (0.06, 0.80)

0.021

Calves fed saleable milk

1.95

7.04 (1.70, 29.20)

0.007

Constant

-2.02

0.13

0.004

Hosmer and Lemeshow statistic = 0.906, Cox and Snell R 2 value = 0.197, Nagelkerke R2 value=
0.286.

In Table 3.10 the factors that were determined by the binary logistic regression analysis to be
significantly associated with Cryptosporidium infection in dairy calves are listed. These
included receiving treatments with antibiotic and anti-diarrhoeal drugs (Terramycin and
Kaolin pectin) at least three times a year, giving anthelmintics (fenbendazole, albendazole) to
calves at least four times a year, disinfecting feeding utensils, having a pre-weaning pen with
a slatted floor, the presence of other cattle farms close by (< 2.5 km), having a post-weaning
pen with a sand floor and feeding calves saleable milk.

Calves from cattle farms that had other cattle farms within 2.5 km away, were nearly eight
times more likely to be infected (OR=7.7) than calves originating from more isolated cattle
farms. Calves that were treated at least 3 times/year were less likely (OR = 0.28) to be
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infected compared with calves that were less frequently treated. Calves that were
administered anthelmintics at least 4 times/year were also less likely (OR = 0.28) to be
infected compared to calves that received less regular anthelmintic medications. Pre-weaned
calves reared on slatted floors were 6.9 times more likely to be infected with
Cryptosporidium than calves reared on a cement floor. Rearing weaned calves on a sand floor
increased the odds of Cryptosporidium infection by 4.5 times when compared to weaned
calves reared on cement flooring. Pre-weaned calves fed with saleable milk were
approximately seven times more likely to be infected with Cryptosporidium when compared
to calves fed milk from other sources. Calves originating from farms where feeding utensils
were washed with disinfectant had a significantly lower probability of Cryptosporidium
infection (OR = 0.22) compared to farms that did not wash their feeding utensils with
disinfectant.

A model using farms as a random effect was not significantly different to a model without
farms as a random effect, so farms were excluded from the model (data not shown). A
random effect is the choice of the hierarchy (levels) of analysis. These levels can be for
example, individuals, farms, districts, etc. whose differences relate to that hierarchy.
Consequently the model generated by normal logistic regression without random effects was
used to show risk factors that significantly contributed to Cryptosporidium infection in dairy
calves.

Assessment of the final regression model by using model diagnostic analyses indicated the
Hosmer and Lemeshow statistic for this model was high (0.906) with a Nagelkerke R2 value
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of 0.286 indicating that only 29% of the variation in the outcome was predicted by all of the
significant variables in the final model. Standardized residual analysis indicated that only
eleven cases had a value more than 2 (less than 5% of total cases), four cases had a value
more than 2.5 (1.6 % of total cases) and only one case was considered an outlier (value above
3). The value for average leverage for all cases was less than 2 times the average leverage for
this model (< 0.07). The value for the Cook‘s distance for all cases was less than one with a
maximum value of 0.65. The DFBeta for the constant and all significant variables in the
model were less than one, with values between -0.14 and 0.44. The Hosmer and Lemeshow
statistic, Nagelkerke R2, standardised residuals, average leverage, Cook‘s distance and
DFBeta values indicated that this model fitted the data well.
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3.5.3 MANAGEMENT RISK FACTORS LINKED TO GIARDIA IN DAIRY
CALVES

3.5.3.1 Univariable analyses of discrete variables for association with Giardia in dairy
calves.
Management factors of a discrete nature such as gender were analysed for their association
with Giardia in dairy calves (Table 3.11).
Tables 3.11. Results from the univariable analyses of potential risk factors for Giardia infection.
Variables

Johor Bahru District
Kluang District

Percent of
samples
positive for
Giardia sp.
15.2
10.0

1.0
0.6 (0.3, 1.4)

0.24

Semi-intensive farms
Intensive farms

14.2
10.8

1.0
0.7 (0.3, 1.6)

0.43

Female
Male

10.6
14.2

1.0
1.4 (0.6, 3.0)

0.41

Breed
Jersey
Mafriwal(reference)
Friesian crossbred

10.6
6.8
14.0

1.5 (0.1, 16.3)
1.0
2.2 (0.6, 7.7)

Post-weaned calves
Pre-weaned calves

8.3
16.8

1.0
2.2 (1.0, 5.0)

0.04ᴥ*

Calves not kept in a barn all the time
Calves kept in a barn all the time

6.3
12.9

1.0
2.2 (0.3, 17.5)

0.43

Calves not allowed to graze
Calves allowed to graze

12.9
6.3

1.0
0.4 (0.1, 3.5)

0.43#

Calves not separated according to gender
Calves separated according to gender

19.4
7.3

1.0
0.3 (0.2, 0.7)

0.005ᴥ*

Calves not using groundwater for drinking
Calves using groundwater for drinking

15.1
8.5

1.0
0.5 (0.2, 1.2)
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Odds Ratio
(95% CI)

P-value

0.42

0.13*

Variables

Percent of
samples
positive for
Giardia sp.

Odds Ratio
(95% CI)

P-value

Calves not using tap water for drinking
Calves using tap water for drinking

8.2
16.2

1.0
2.1 (0.9, 4.9)

0.06*

Water not treated before use
Water treated before use

12.7
12.2

1.0
0.9 (0.4, 2.2)

0.92

Farm not practicing quarantine of new animals
Farm practicing quarantine of new animals

15.0
10.2

1.0
0.6 (0.3, 1.4)

0.26

No other animals on the farm
Other animals on the farm

15.7
10.6

1.0
0.6 (0.3, 1.4)

0.24

No faecal treatment
Faecal treatment

13.4
9.3

1.0
0.7(0.2, 1.8)

0.41

Calves not born in multi cow calving areas
Calves born in multi cow calving areas

18.1
3.3

1.0
0.2 (0.0, 0.5)

0.00ᴥ*

Calves not born in a single cow calving area
Calves born in a single cow calving area

9.4
22.0

1.0
2.7 (1.2, 6.0)

0.01ᴥ*

Calves born inside the yard
Calves born outside the yard

10.3
16.7

1.0
1.8 (0.8, 3.8)

0.15*

Calving area was not cleaned before the calf was born
Calving area was cleaned before the calf was born

15.6
10.7

1.0
0.6 (0.3, 1.4)

0.27

Calving pen without a concrete floor
Calving pen with a concrete floor

15.6
10.7

1.0
0.6 (0.3, 1.4)

0.27#

Calves not separated from dam within 12 hours of birth
Calves separated from dam within 12 hours of birth

18.2
8.5

1.0
0.4 (0.2, 0.9)

0.03ᴥ*

Pre-weaned calves were not kept in common pens
Pre-weaned calves were kept in common pens

20.0
11.8

1.0
0.5 (0.2, 1.7)

0.29

Pre-weaned calves were not kept in the individual pen
Pre-weaned calves were kept in the individual pen

11.0
15.6

1.0
1.5 (0.7, 3.3)

0.32

Pre-weaning pen without concrete floor
Pre-weaning pen with a concrete floor

22.7
5.6

1.0
0.2 (0.1, 0.5)

0.00ᴥ*
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Variables

Percent of
samples
positive for
Giardia sp.

Odds Ratio
(95% CI)

P-value

Pre-weaning pen without a slatted floor
Pre-weaning pen with a slatted floor

8.0
13.7

1.0
1.8 (0.6, 5.5)

0.34

Pre-weaning pen without a sand floor
Pre-weaning pen with a sand floor

12.6
10.0

1.0
0.8 (0.1, 6.3)

1.00

Calves get colostrum from another source
Calves get colostrum from their mother

8.3
14.3

1.0
1.8 (0.7, 4.7)

0.20

Calves do not get colostrum from a bottle
Calves given colostrum from a bottle

15.2
10.6

1.0
0.7 (0.3, 1.4)

0.30

Calves not fed with whole waste milk
Calves fed with whole waste milk

14.1
2.9

1.0
0.2(0.0, 1.4)

0.09*

Calves not fed with saleable milk
Calves fed with saleable milk

14.1
7.3

1.0
0.5(0.2, 1.4)

0.25

Calves not fed with milk replacer
Calves fed with milk replacer

10.7
17.5

1.0
1.8(0.8, 3.9)

0.17*

Calves not fed starter feed in the 1st week of life
Calves fed starter feed in the 1st week of life

17.6
2.5

1.0
0.1 (0.0, 0.5)

0.001ᴥ*

Feeding utensils not washed with disinfectant
Feeding utensils washed with disinfectant

13.3
11.7

1.0
0.9 (0.4,1.9)

0.70

Feeding utensils not washed with soap or detergent
Feeding utensils washed with soap or detergent

10.4
17.1

1.0
1.8 (0.8, 3.9)

0.14*

Post-weaned calves not kept in multi-age groups
Post-weaned calves kept in multi-age groups

9.9
26.3

1.0
3.2 (1.4, 7.7)

0.005ᴥ*

Post-weaning pens with a concrete floor
Post-weaning pens with another type of flooring

30.4
10.6

1.0
0.3(0.1, 0.7)

0.006#

Post-weaning pen with a sand floor
Post-weaning pen with another type flooring

10.6
30.4

1.0
3.7 (1.4, 9.9)

0.006ᴥ*

Herd not confined to an area surrounded by a fence
Herd confined to an area surrounded by a fence

7.7
13.1

1.0
1.8 (0.4, 8.1)

0.75
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Variables

Percent of
samples
positive for
Giardia sp.

Odds Ratio
(95% CI)

P-value

Public or any unauthorized personnel can‘t enter the farm
Public or any unauthorized personnel can enter the farm

10.5
17.6

1.0
1.8 (0.8, 4.1)

0.13*

No vehicle dip at the entrance to the farm
Vehicle dip at the entrance to the farm

16.1
5.9

1.0
0.3 (0.1, 0.9)

0.02ᴥ*

No medication given to newborn calves
Medication given to newborn calves

12.0
12.7

1.0
1.1 (0.5, 2.5)

0.88

Mother was not treated for scours before calving
Mother was treated for scours before calving

7.1
14.7

1.0
2.2 (0.8, 6.1)

0.11*

Faecal appearance normal
Faecal appearance not normal

8.2
16.9

1.0
2.3 (1.0, 5.1)

0.04ᴥ*

Faecal appearance not soft
Faecal appearance soft

9.9
16.2

1.0
1.8 (0.8, 3.8)

0.15*

Faecal appearance not fluid and watery
Faecal appearance fluid and watery

11.7
22.2

1.0
2.2 (0.7, 7.0)

0.25

Faecal consistency normal
Faecal consistency foamy, mucous and sticky

11.0
14.9

1.0
1.4 (0.7, 3.1)

0.37

Faecal colour green
Faecal colour yellow, brown or grey

10.4
23.7

1.0
2.7 (1.1, 6.4)

0.02ᴥ*

Calves not infected with Cryptosporidium sp.
Calves infected with Cryptosporidium sp.

15.0
10.0

1.0
0.6 (0.3, 1.4)

0.24

ᴥ-Variables associated with Giardia in dairy calves (P < 0.05)
*-Variables offered to the logistic regression model
#-variables not selected because of high collinearity (correlation coefficient > 0.8)

Analysis revealed that 13 management factors (categorical/dichotomous factors) were
significantly associated with shedding of Giardia infection in dairy calves (P<0.05). The
management factors were pre-weaned calves, calves separated according to gender, calves
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born in multi cow calving areas, calves born in single cow calving areas, calves not separated
from dam within 12 hours after birth, pre-weaned calves kept on concrete floors, calves
receiving starter feed in the first week of life, post-weaned calves kept in multi age groups,
post-weaned calves kept in pens with concrete floors and on sand floors, vehicle dip at the
entrance of the farm, faecal appearance not normal and faecal colour other than green (i.e.
yellow, brown and gray).

3.5.3.2 Univariable analyses of continuous variables for potential management risk
factors.
Analyses of all management factors that were of a continuous nature (i.e. calf age, total
population) and their association with Giardia in dairy calves are listed in Table 3.12.
Table 3.12. Results from univariable analyses of potential risk factors (continuous variables) by
ANOVA.
Variables

Mean value of
negative farms
269.11

Total population of animals on the farm

Mean value of
positive farms
193.73

P value
0.12*

Distance from nearest cattle farm (km)

1.92

0.92

0.03*

Distance from nearest other livestock farm (km)

2.27

2.64

0.38

0.43
0.16*

Time since last introduction of new animal (months)

13.23

Frequency of treatments to calves per year

2.71

11.37
2.27

Frequency of administering anthelmintics to calves
per year
Age of calves (months)

1.45

1.63

0.06*

4.84

3.65

0.04*

Variables significantly contributing to shedding of Giardia in dairy calves (P < 0.05)
*-Variables offered to the logistic regression model

100

Analysis revealed two management factors (continuous factors) were significantly associated
with Giardia in dairy calves (P<0.05). The management factors were distance of farm from
other cattle farms and age of the calves (months).

3.5.3.3 Multivariable analysis

The final model of the multivariable logistic regression analysis of management risk factors linked
with Giardia is outlined in Table 3.13.

Table 3.13. Results of binary logistic regression for overall risk factors significantly associated
with Giardia in dairy calves.
Variables

ß estimates

Odds Ratios (95% CI)

P-value

Pre-weaning pen with a concrete
floor

-1.89

0.15 (0.05, 0.47)

0.001

Post-weaning pen with a sand floor

2.69

14.67 (2.45, 87.80)

0.003

Single cow calving area

-1.86

0.16 (0.04, 0.63)

0.009

Calves less than 5 months old

1.50

4.47 (1.58, 12.65)

0.005

Anthelmintics given to the calves
at least 4 times/year

2.08

7.96 (2.22, 28.52)

0.001

Constant
-3.01
0.05
0.000
2
2
Hosmer and Lemeshow statistic =0.708, Cox and Snell R value =0.138, Nagelkerke R value=0.260

Factors that were significantly associated with infection with Giardia in dairy calves included
using a pre-weaning pen with a concrete floor, using a post-weaning pen with a sand floor, a
single cow calving area, calves being younger than 5 months of age and administering
anthelmintics more frequently (at least four times a year).
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Pre-weaned calves reared on a concrete floor were less likely (OR = 0.15) to be infected
compared with calves reared in pens with other forms of flooring. Rearing calves after
weaning in pens with a sand floor significantly increased the odds of infection with Giardia
(OR=14.7) compared with calves reared in pens with other forms of flooring. Calves born in
a single cow calving area were less likely to be infected (OR = 0.15) than calves born in
multi-cow calving areas or outside the yard. Calves younger than five months had a higher
chance of being infected with Giardia compared to older calves (OR=4.47). However, calves
from farms that practiced more frequent anthelmintic treatments had a higher risk of infection
with Giardia (OR=7.96).

A model including farms as a random effect factor was not significantly different from a
model without farms as a random effect, so farms were excluded from the final model (data
not shown). Consequently normal logistic regression without random effects was used to
identify risk factors that significantly contributed to infection with Giardia in dairy calves.

Diagnostic analysis of the model found that the Hosmer and Lemeshow statistic was high
(0.708) and the Nagelkerke R2 value was 0.26 indicating that only 26% of the variation in the
outcome was predicted by all the significant variables in the final model. Standardized
residual analysis indicated only eight cases had a value more than 2 (less than 5% of total
cases), four cases had a value more than 2.5 (1.6 % of total cases) and only two cases were
considered outliers (value above 3). The value for average leverage for all cases was less than
2 times of average leverage for this model (< 0.06). The value for the Cook‘s distance for all
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cases was less than one with a maximum value of 0.58. The DFBeta for the constant and all
significant variables in the model was less than one, with values ranging from -0.14 to 0.48.
The Hosmer and Lemeshow statistic, Nagelkerke R2, standardised residuals, average
leverage, Cook‘s distance and DFBeta values indicated that the model fitted the data well.
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3.6

DISCUSSION

Over the past 20 years, cattle have been identified as being one of the main reservoir hosts for
the zoonotic C. parvum with reported prevalences of up to 100% in calves (Xiao and Herd,
1994). However, studies worldwide suggest that cattle are infected with at least five
Cryptosporidium parasites: C. parvum, C. bovis, C. andersoni, C. ryanae (previously called
the deer-like genotype) and C. suis (Xiao and Fayer, 2008; Fayer and Sant'in, 2009).

Little is known about the contribution of animals particularly cattle, to the zoonotic
transmission of Cryptosporidium and Giardia in Malaysia. Numerous studies worldwide
have revealed a high prevalence of Cryptosporidium and Giardia in dairy cattle, especially
calves (Xiao and Fayer, 2008). Most of the studies conducted in Malaysia to date have
focussed on humans, particularly immunocompromised patients and Aboriginal communities
(Lim et al., 1997; Norhayati et al., 1998; Al-Mekhlafi et al., 2005; Lim et al., 2005; Mahdy et
al., 2007b; Lim et al., 2008b; Mahdy et al., 2008). Little work has been conducted to
determine the prevalence of Cryptosporidium and Giardia sp. in animals particularly in
domestic cattle (Farizawati et al., 2005; Halim et al., 2008; Lim et al., 2008b).

It is difficult to evaluate (oo)cyst contamination originating from domestic animal using
conventional methods such as microscopy and immunofluorescence techniques due to the
low sensitivity and specificity and the inability to identify the species and genotype of the
parasites (Morgan et al., 1998; Guyot et al., 2001; Amar et al., 2004). Molecular tools provide
insights into this problem by differentiating isolates at the genotype level. PCR is superior to
conventional analysis due to its high sensitivity, specificity and ease of use (Morgan et al.,
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1998; Amar et al., 2004). In the present study, a two-step nested PCR was used for detection
of Cryptosporidium and Giardia parasites. A previous study reported that this method of
amplification is more sensitive and specific than single round PCR or PCR-RFLP protocols
and therefore allows for the detection of a low numbers of oocyst (Sulaiman et al., 1999).
This is particularly useful in faecal samples with low (oo)cyst numbers as is commonly found
in animals and environmental samples.

The 18S rDNA genetic locus was used for both parasites as it is regarded as the most reliable
locus for genotyping. This is due to its highly conserved nature and the large number of
sequences available in GenBank and for Giardia, the fact that the ribosomal unit is highly
repeated throughout the genome (Morgan et al., 2000b; Wielinga and Thompson, 2007).

3.6.1 CRYPTOSPORIDIUM SPECIES
The present study was conducted on faecal samples taken from dairy calves from selected
farms to determine the prevalence of Cryptosporidium sp. according to age in dairy calves
less than 12 months old and to determine the influence of management factors on the
prevalence of infection. An overall prevalence of Cryptosporidium in calves of 27.1% was
detected. This prevalence is slightly higher than other studies conducted in dairy calves in
Norway (12%), British Columbia (15%), Spain (19.7%), Mexico (25%), Portugal (25.4%)
and the Czech Republic (25.8%) (Quilez et al., 1996; Olson et al., 1997a; MaldonadoCamargo et al., 1998; Hamnes et al., 2006; Kvac et al., 2006; Mendonca et al., 2007). Other
studies however, have reported prevalences ranging from 27.3 to 48.1% in various countries
(Becher et al., 2004; Sant'in et al., 2004; Geurden et al., 2006a; Maddox-Hyttel et al., 2006;
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Coklin et al., 2007; Nguyen et al., 2007; Brook et al., 2008; Halim et al., 2008; Paul et al.,
2008). However, in those studies, samples were taken from diarrheic calves and calves less
than 6 months old. The only previous molecular study conducted in Malaysia on diarrheic
calves aged between one and six months old, identified 18/50 samples (36%) as positive for
Cryptosporidium by PCR (Halim et al., 2008). Sequence and phylogenetic analysis of 14
isolates identified C. parvum in 11 isolates and the remaining three isolates were C. ryanae
(Halim et al., 2008).

In the present study, the herd prevalence (at least one positive animal detected in a farm) was
75%. This is in agreement with previous cross-sectional studies which have reported a herd
prevalence ranging between 53 and 100% (Quilez et al., 1996; Maldonado-Camargo et al.,
1998; Sant'in et al., 2004; Geurden et al., 2006a; Hamnes et al., 2006; Maddox-Hyttel et al.,
2006; Brook et al., 2008; Trotz et al., 2008). The prevalence rates were varied due to
differences in management, climate, study design and screening methods used.

The present study shows there was no association between intensive and semi intensive
systems with the prevalence of Cryptosporidium in calves less than 12 months 38.8% and
25.7%, respectively. This is in agreement with another study in central Spain which reported
there was no association between the prevalence of infection and types of farms with
prevalences of 45.9% and 50.4% respectively in intensive and semi intensive management
systems (Castro-Hermida et al., 2002).
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There was also no association between prevalence of infection in pre-weaned and postweaned calves with prevalences of 30.8% and 23.3%, respectively. This finding is in contrast
with a number of studies that reported a significant association between age and
Cryptosporidium prevalence with the highest prevalence reported in pre-weaned calves
(Maldonado-Camargo et al., 1998; Sant'in et al., 2004; Geurden et al., 2006a; Trotz et al.,
2007; Brook et al., 2008; Paul et al., 2008; Sant'in et al., 2008). The prevalence in pre-weaned
calves in the present study correlates well with previous cross-sectional studies with
prevalences ranging from 22 to 59% (Quilez et al., 1996; Maldonado-Camargo et al., 1998;
Becher et al., 2004; Sant'in et al., 2004; Geurden et al., 2006a; Trotz et al., 2007; Brook et al.,
2008; Paul et al., 2008; Sant'in et al., 2008; Trotz et al., 2008), although the age of calves
sampled and the diagnostic tests used varied between studies.

The highest prevalence of Cryptosporidium was detected in calves less than one-month old
(45.8%) and the most common Cryptosporidium species isolated from this age group was C.
parvum (33.3%). Calves less than one-month old were seven times more likely to get
Cryptosporidium infection (OR=7.0) than four-month old calves.

Previous studies have

indicated that cryptosporidiosis is mainly a problem in neonatal ruminants in dairy calves
(Xiao et al., 1993; Xiao and Herd, 1994; Nguyen et al., 2007; Trotz et al., 2007; Paul et al.,
2008). Cross sectional studies reported a high prevalence of Cryptosporidium for 2-4 weeks
old calves (prevalence range 7 – 76.7%) (Quilez et al., 1996; Maldonado-Camargo et al.,
1998; Huetink et al., 2001; Sant'in et al., 2004; Geurden et al., 2006a; Brook et al., 2008; Paul
et al., 2008; Trotz et al., 2008). The present study revealed that newborn calves were infected
as early as two days. Calves may get infected through faecal contamination from the mother
and/or the surroundings even though calves from intensive farms are immediately removed
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from their mothers after birth. This observation is consistent with the hypothesis that dairy
calves become infected with C. parvum either from the dam while in the calving pen or from
pens contaminated with oocysts from a previous calf. In addition, most of the calves were put
in large groups, which will increase the potential for transmission through close physical
contact and the tendency of calves to lick surfaces contaminated with faeces resulting in the
ingestion of pathogens and thus completing the faecal-oral transmission pathway (Pell, 1997;
Becher et al., 2004). Other sources of infection may be through farm staff moving from calf
to calf and via mice and house-flies (Graczyk et al., 1999).

A second peak of Cryptosporidium shedding occurred in four month old calves (38.1%). This
may be due to stress during the weaning process since the weaning age of calves in the
present study was between 2.5 to 6 months old with an average of 4.5 months old. These
results are similar to another study that reported there were 2 peaks of Cryptosporidium
prevalence with the highest peak at two weeks (66.7%) and the 2 nd peak at 6 months (30.4%)
(Sant'in et al., 2004). A longitudinal study also revealed two peaks of Cryptosporidium
infection in dairy calves at two weeks and 18 weeks (4.5 months) in Maryland, USA (Sant'in
et al., 2008). Another study reported that the prevalence of Cryptosporidium was highest in
calves one to three weeks old with smaller peaks in calved aged six and 12 months (Huetink
et al., 2001).

In the present study the most prevalent species in pre-weaned calves was C. parvum and C.
bovis at 28% each followed by C. andersoni (22%) and C. ryanae (13%). The present study
revealed that C. parvum was only isolated in pre-weaned calves with the highest prevalence
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in calves less than one month old (33.3%). There appears to be geographical differences in
the age-related prevalence of Cryptosporidium species in cattle. In parts of the US, Belgium,
Ireland, Germany, Malaysia and the UK, it has been reported that the zoonotic C. parvum is
responsible for the majority of Cryptosporidium infections in pre-weaned calves and only a
small percentage of Cryptosporidium infections in post-weaned calves and heifers (Sant'in et
al., 2004; Thompson et al., 2007; Xiao et al., 2007; Broglia et al., 2008; Brook et al., 2008;
Geurden et al., 2008; Halim et al., 2008; Sant'in et al., 2008; Brook et al., 2009). Post-weaned
calves were mostly infected with C. bovis, C. andersoni and C. ryanae (Sant'in et al., 2004;
Fayer et al., 2008; Sant'in et al., 2008). Other studies however in China, India, Georgia and
western North Dakota have reported that C. bovis was the most common species found in
pre-weaned calves (Feng et al., 2007; Feltus et al., 2008). A number of studies have reported
no significant correlation between the calf age, oocyst excretion and the species/genotypes of
Cryptosporidium detected (Geurden et al., 2006a; Langkjaer et al., 2007; Winkworth et al.,
2008).

In the present study in Malaysia, eight of the 12 positive C. parvum isolates were identified
from calves five days to 15 days old. Cryptosporidium andersoni was only isolated in calves
older than three-months with the highest prevalence (15.4%) in 11 month old calves. These
findings are similar to another study that showed that C. andersoni oocysts were not found in
calves less than three-months old (Nguyen et al., 2007), but there was no difference in the
prevalence between different calf age groups for C. andersoni (Nguyen et al., 2007).
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Subtyping of C. parvum at the GP60 locus, successfully typed eight of 12 isolates. Of these,
five isolates belonged to the IId subtype family and all five were IIdA15G1. Three isolates
belonged to the IIa subtype family; one was IIaA18G3R1 and two isolates were IIa17G2R1.
Recent subtyping studies shows that the C. parvum subtype families IIa and IId have been
found in both humans and animals (Alves et al., 2003; Sulaiman et al., 2005; Trotz et al.,
2006). Subtypes IIa (A17G2R1, A18G3R1, A19G3R1 and A20G3R1) are common in
humans and animals in Australia, Canada and the United Kingdom (Chalmers et al., 2005a;
Trotz et al., 2006; Ng et al., 2008). However, the IId subtype is less commonly reported in
animals and has only been reported in cattle in Portugal (Alves et al., 2003; Alves et al.,
2006), cattle in Hungary (Plutzer and Karanis, 2007) and lambs and goats in Spain (Quilez et
al., 2008). The implication of these findings demonstrates that farm animals, especially calves
may play an important role in the zoonotic transmission of cryptosporidiosis.

3.6.2 GIARDIA SPECIES
In the present study, the total prevalence of Giardia species in dairy calves was 12.5%. This
prevalence is lower than other studies conducted worldwide which ranged from 14 to 100%
in Western Canada, Western Australia, North America, British Columbia, Portugal and
Norway (Xiao et al., 1993; Xiao and Herd, 1994; Olson et al., 1997a; O'Handley et al.,
2000b; Hamnes et al., 2006; Maddox-Hyttel et al., 2006; Coklin et al., 2007; Mendonca et al.,
2007). This is most likely due to the fact that in those studies, faecal samples were only
collected from calves < 6 months old and from diarrheic calves.

110

The herd prevalence (at least one positive animal detected in a farm) in the present study was
68.8%. This is in agreement with previous studies which reported a herd prevalence ranging
between 53 and 100% (Xiao et al., 1993; Xiao and Herd, 1994; Quilez et al., 1996; Olson et
al., 1997a; Wade et al., 2000; Hamnes et al., 2006; Maddox-Hyttel et al., 2006).

In the present study, the prevalence of Giardia was higher in calves aged one to four months
old with the highest prevalence in two month old calves (29.2%), which is slightly earlier
than that reported in previous studies (Wade et al., 2000; Trout et al., 2005; Hamnes et al.,
2006). Only one calf < 1 month old was positive for Giardia by PCR. This is similar to
another study in the Netherlands, that detected only one positive Giardia sample from a calf
less than one month old (Huetink et al., 2001). Previous studies have reported that all
ruminants are exposed to Giardia shortly after birth, with infection most common towards the
end of the neonatal period (O'Handley and Olson, 2006). A few studies have shown that the
highest prevalence of Giardia was in calves aged three to five months. For instance, 52% of
post weaned calves in USA were positive for Giardia, with the highest peak (68%) in threemonth old calves (Trout et al., 2005). In the Netherlands, 54.5% of four to five-months old
calves were positive for Giardia (Huetink et al., 2001). In Norway, the overall prevalence for
Giardia was 49% with the highest prevalence in calves three to four-months old (Wade et al.,
2000; Hamnes et al., 2006). In contrast, a 2006 New Zealand study revealed no age related
peak in Giardia prevalence (Winkworth et al., 2008).

In the present study, the prevalence of Giardia was higher in pre-weaned calves (16.8%)
compared to post-weaned calves (8.3%). However, the prevalence was lower than that
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reported in pre-weaned calves from the USA (40%) (Trout et al., 2004) and Aragon in north
eastern Spain (38%) (Quilez et al., 1996).

The present study successfully identified 25 isolates as G. duodenalis Assemblage E. Similar
findings were reported in a study of dairy calves less than three-months of age in Western
Australia (Becher et al., 2004). In contrast, another study in the eastern USA reported
Assemblage E and A was detected in 34% and 6% of total pre-weaned calves tested by PCR,
respectively (Trout et al., 2004). In that study, Assemblage E and A was identified from 45%
and 7% of post-weaned calves tested by PCR, respectively (Trout et al., 2005). However, a
study in Denmark reported no correlation between genotype and host age, with Assemblage
A detected in 6% of both older and young calves; Assemblage E in 72% and 73% of older
calves and younger calves respectively and Assemblage D only from 1% of young calves
(Langkjaer et al., 2007). Assemblage E has not been identified in humans and thus its
zoonotic risk appears minimal (Wielinga and Thompson, 2007; Caccio and Ryan, 2008;
Thompson et al., 2008).

3.6.3 CONCURRENT CRYPTOSPORIDIUM AND GIARDIA INFECTIONS
The present study identified mixed infections in 3.8% (95% CI: 1.3%, 6.3%) of dairy calves
that ranged from one to seven-months old. Previous studies have reported the prevalence of
mixed infection with both Cryptosporidium and Giardia ranged from 4.1% to 20% in Ohio,
USA, British Columbia, Canada, Norway and Portugal (Xiao et al., 1993; Xiao and Herd,
1994; Olson et al., 1997a; Hamnes et al., 2006; Coklin et al., 2007; Mendonca et al., 2007).
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3.6.4 RISK FACTORS
3.6.4.1 Risk factors linked to Cryptosporidium infection.
An assessment of management and animal factors associated with the prevalence of
Cryptosporidium revealed that farm location (P=0.000), frequency of treatment (P=0.001),
frequency of drenching (P=0.001), washing feeding utensils with disinfectant (P=0.021),
keeping pre-weaned calves on a slatted floor (P=0.011), keeping post-weaned calves on a
sand floor (P=0.029) and feeding pre-weaned calves with saleable milk (P=0.007)
contributed to the prevalence of Cryptosporidium in dairy calves.

Calves from farms that were adjacent to each other (less than 2.5km) had a higher risk for
Cryptosporidium infection than more isolated farms. Since Cryptosporidium can be
transmitted directly via person to person; animal to human; animal to animal; or indirectly
through water, food and possibly via air (Fayer et al., 2000a), the close proximity of farms
would increase the likely transmission of Cryptosporidium through animals sharing the same
grazing spaces or via close contact with each other. Furthermore, grazing land or water
sources may be contaminated with oocysts allowing the Cryptosporidium lifecycle to
continue. One study has demonstrated high contamination of farms and rivers close to cattle
farms (Farizawati et al., 2005).

Calves from farms that frequently treated their animals for gastrointestinal problems with
antibiotics (at least 3 times/year) and administered anthelmintics to calves more frequently (at
least 4 times/year) were four times less likely to be infected with Cryptosporidium. The
relationship may be an indicator of other unknown management factors that are directly
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related to the risk of Cryptosporidium infection in calves. For instance, the association
between frequency of deworming and Cryptosporidium infection may be a reflection of a
generally higher standard of herd management in some herds, rather than a direct protective
effect, as neither of the anthelmintics given (fenbendazole and albendazole) used by the
farmers are known to provide any protection against Cryptosporidium in calves.

The present study also indicated that farms that washed feeding utensils with disinfectant had
a lower prevalence of infection with Cryptosporidium. This finding was in agreement with
other studies that have reported that calves in pens which are not disinfected were at a higher
risk of infection compared with calves from pens which were disinfected (Castro-Hermida et
al., 2002; Hamnes et al., 2006). Again, it may be related to better overall management on the
farms as a result of good hygiene practices, as other studies indicated that frequent cleaning
of pens resulted low accumulation of oocysts on farms. One study reported that calves kept in
pens that were cleaned monthly were 87.0% more at risk of infection than those calves whose
pens were cleaned daily (Castro-Hermida et al., 2002).

Surprisingly, pre-weaned calves reared on slatted floors were at a higher risk of
Cryptosporidium infection. This was an unexpected finding as other studies have reported
higher contamination rates in animals housed on solid, rather than slatted floors (MaddoxHyttel et al., 2006). The relationship may be an indicator of other unknown management
factors that are directly related to the risk of Cryptosporidium infection in calves. Further
studies should be carried out to investigate the underlying management factors such as
frequency of cleaning (Castro-Hermida et al., 2002).
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The present study revealed that post-weaned calves kept on a sand floor had a higher risk of
Cryptosporidium infection (nearly five times more) when compared with post-weaned calves
kept on a cement floor. This is most likely directly related to the type and frequency of
cleaning, i.e. cement floors were washed thoroughly compared with other types of flooring
(sand, earth or gravel). In addition, the viability of oocysts in soil is approximately two
months increasing the likelihood of calves ingesting infective oocysts (Lim et al., 1999;
Farizawati et al., 2005).

Pre-weaned calves fed with saleable milk also had a higher probability of becoming infected
with Cryptosporidium. This has also been reported in another study that indicated that
feeding calves milk, other than fresh colostrum increased the risk of infection (Mohammed et
al., 1999). Another study showed that calves which received colostrum had less severe
diarrhoea and oocyst shedding compared with calves fed whole milk (Slacek et al., 1996). It
is possible that the milk may become contaminated due to contaminated feeding bottles or
contamination of milk during the milking process. A few cases of cryptosporidiosis outbreaks
have been linked with the consumption of raw milk and fermented dairy products made from
raw milk (Elsser et al., 1986; Shield et al., 1990; Romanova et al., 1992; Gelletlie et al.,
1997).
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3.6.4.2 Risk factors contributing to Giardia infection
An assessment of the influence of management and animal factors on the prevalence of
Giardia revealed that pre-weaned calves kept on a concrete floor (P=0.001), post-weaned
calves kept on a sand floors (P=0.003), calves being born in a single calving areas (P=0.009),
calves less than 5 months old (P=0.005) and the frequency of drenching (P=0.001) were
significantly associated with prevalence of Giardia in dairy calves.

In the present study it was revealed that pre-weaned calves kept in pens with a concrete floor
had a lower prevalence of infection with Giardia. This is likely to be related to the type and
frequency of cleaning, i.e. cement floors were washed thoroughly with water every day by
using a pressure hose whereas the other types of floors such as sand were only swept
occasionally. Also farms with cement floors are also likely to have better housing facilities
and farm management practices than farms without such pens.

Post-weaned calves kept on a sand floor were at a higher risk of Giardia infection compared
to calves kept on cement flooring. This is related to the survival of cysts in the environment
and the fact that only a low infective doses (one to ten cysts) are required to cause infection,
and the fact that the parasite is resistant and can survive for weeks to months in the
environment (Caccio et al., 2005). In addition all post-weaned calves in this study were kept
in groups and other studies have shown that Giardia infection is higher if calves have close
contact with other calves i.e. they are penned together (Caccio et al., 2005).
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The present study also revealed that calves born in a single cow calving area was less likely
to be infected with Giardia. This is likely to be due to the lower number of cysts present in
such environments compared with multi cow calving areas. Others have reported that both
direct and indirect transmission between infected hosts and susceptible animals is favoured
by high population densities which is common in multi cow calving facilities where there is
close contact between individuals (Caccio et al., 2005).

The present study revealed that younger calves (less than five months) were more likely to
have an infection with Giardia. Other studies have found similar results with a high
prevalence in three to five months old calves (Wade et al., 2000; Huetink et al., 2001; Trout
et al., 2004, 2005; Hamnes et al., 2006). Infection with Giardia can stimulate humoral
immunity resulting in a self limiting infection in many animal species (Olson et al., 2000).
Unfortunately, it may take several months for calves to develop protective antibodies against
Giardia and in some occasions calves do not build up effective humoral immune response
against Giardia even after 100 days of infection (O'Handley et al., 2003).

Surprisingly, the present study indicated that calves that were more frequently administered
anthelmintics had a higher risk of infection. Although this may not indicate a true causal
relationship, it may indicate a problem with high levels of Giardia cyst contamination on the
farms and the failure of the calves to build up a significant immune response following
Giardia infection due to the chronic duration of these infections (O'Handley et al., 2003). A
number of drugs have been shown to be efficacious against giardiasis in calves (O'Handley
and Olson, 2006) including benzimidazole, fenbendazole and albendazole (Xiao et al., 1996;
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O'Handley et al., 1997; O'Handley et al., 2001), however re-infection frequently occurs if the
source of the environmental contamination is not eliminated and the frequency of
transmission is high (Thompson, 1998; O'Handley et al., 2000a; O'Handley et al., 2001).
High levels of contamination due to infected calves and the resistant nature of Giardia cysts
make treatment alone not sufficient. Regular (daily) and effective cleaning of premises is
vital along with the administration of therapeutic medications (O'Handley et al., 2000a;
Geurden et al., 2006b). Even though infections with Giardia sp. will stimulate humoral
immunity in most animal species (Olson et al., 2000), it may take several months to produce
protective antibodies to eliminate the parasite in calves. Studies have shown that calves still
cannot produce effective humoral immune response against Giardia sp. even after 100 days
of infection (O'Handley et al., 2003).

This is the first epidemiological study conducted to measure the relationship of management
factors with Cryptosporidium and Giardia infection in cattle farms in Malaysia. A large
numbers of potential risk factors were investigated, increasing the possibility of identifying
spurious or confounding relationships between variables. Many management factors were
common to farms and a separate study should be undertaken including analysing a wider
range of farm management practices to provide a more representative picture of the situation
in Malaysia.
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3.7

TECHNICAL DIFFICULTIES

Three major difficulties were encountered during the course of the present study; low
(oo)cyst numbers in the faecal samples, incompatibility of Cryptosporidium DNA with the
Big Dye version 3.1 dye terminator cycle sequencing kit used in the SABC laboratory and the
apparent instability of

the 18S rDNA primers for Giardia. It is well known that

Cryptosporidium and Giardia may cause sporadic shedding of (oo)cysts which can make
detection of the parasites difficult (Gardner and Hill, 2001). Although PCR has the sensitivity
of one (oo)cyst (Sulaiman et al., 1999), the presence of inhibitors in faecal samples can
adversely affect PCR efficiency by interfering with interactions between the DNA and the
DNA polymerase (Tsai and Rochelle, 2001). The failure of PCR reactions may also be due to
mechanisms that inhibit nucleic acid amplification such as failure of cell lysis, nucleic acid
degradation and inhibition of DNA polymerase activity whereby inhibitors may inhibit DNA
polymerase activity during amplification of the target DNA (Carey et al., 2004).

The second difficulty encountered was incompatibility of Cryptosporidium DNA with the
Big Dye version 3.1 dye terminator cycle sequencing kit due to Cryptosporidium’s A:T rich
genome (Abrahamsen et al., 2004). Numerous methods were trialled to overcome this
problem including running large volume PCR reactions (50 µl) and using alternative less ATrich genes (actin and the diagnostic locus).

The third difficulty encountered was the apparent instability of the 18S rDNA primers for
Giardia. This was a problem which developed in the laboratory during the time of the present
study for all researchers for unknown reasons. Numerous attempts to overcome this difficulty
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including increasing the concentration of MgCl2, using different types of DNA polymerase
enzymes such as hotstart (Qiagen), using new stocks of PCR master mixes, new stocks of
dNTP‘s, other loci (gdh and beta-giardin) and obtaining new 18S rDNA primers from
different suppliers. It appeared that the efficacy of 18S primers degraded over time and when
diluted to working concentrations. The problem may be due to weak quality control practiced
by the primer manufacturer. The problem is as yet unresolved in the laboratory.
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CHAPTER 4: GENERAL DISCUSSION
4.1

OVERVIEW

The present study detected a high prevalence of Cryptosporidium and Giardia spp. in dairy
calves in Malaysia. The finding was in line with other studies worldwide which reported high
prevalences of Cryptosporidium and Giardia spp. in dairy calves (Xiao and Herd, 1994;
Olson et al., 1997a; Maldonado-Camargo et al., 1998; O'Handley et al., 2000b; CastroHermida et al., 2002; Sant'in et al., 2004; Geurden et al., 2006a; Hamnes et al., 2006; Kvac et
al., 2006; Trotz et al., 2007; Brook et al., 2008; Trotz et al., 2008). Most of the studies
conducted in Malaysia to date have focussed on humans, especially immuno-compromised
patients and Aboriginal communities (Lim et al., 1997; Lim et al., 2005; Mahdy et al., 2007a;
Mahdy et al., 2007b; Lim et al., 2008a; Mahdy et al., 2008). Little work has been conducted
to determine the prevalence of Cryptosporidium and Giardia in animals (Rohela et al., 2005;
Lim et al., 2008b), particularly in domestic cattle (Farizawati et al., 2005; Halim et al., 2008).
Prior to the present study, only one study had examined the prevalence of Cryptosporidium
spp. in dairy calves with diarrhoea less than 6 months old (Halim et al., 2008). In addition, no
studies have been conducted on Giardia infections in dairy calves in Malaysia to date. The
present study revealed that dairy calves in Malaysia had a higher prevalence of
Cryptosporidium sp. compared to Giardia sp. and that both parasites were more prevalent in
pre-weaned calves compared with older weaned calves.

The present study indicated that the prevalence of Cryptosporidium species varied with age.
The prevalence was highest in calves less than one-month old, with oocysts being excreted in
calves as young as two days old. Cryptosporidium parvum was the predominant species
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isolated from calves less than one-month old, indicating that calves prior to weaning are a
potential source of infection with this zoonotic parasite for humans. In contrast, C. andersoni
was mostly detected in older calves, between the ages of 10 - 12 months. No association
between C. bovis and age was observed. In the present study, C. ryanae was only isolated
from calves between the ages of 1 -10 months old.

Subgenotyping of the C. parvum isolates at the GP60 locus confirmed the potential role of
dairy calves in zoonotic transmission as results revealed that the calves harboured zoonotic C.
parvum subtypes (IIa and IId) that have been found in both animals and humans. Molecular
characterisation of isolates of Giardia recovered from calves however, indicated that all
isolates belonged to the non-zoonotic livestock genotype (Assemblage E). There is no
epidemiological evidence to suggest that this genotype occurs frequently in the human
population (Wielinga and Thompson, 2007; Caccio and Ryan, 2008; Thompson et al., 2008)
and thus it would appear that dairy calves in Malaysia pose a minimal zoonotic risk for
giardiasis in humans.

4.2

RELEVANCE OF STUDY

The present study was the first epidemiological study conducted to determine the prevalence
of Cryptosporidium sp. and Giardia sp. in pre and post-weaned dairy calves in Malaysia. The
study also involved examining management practices adopted by farmers that may have
contributed to Cryptosporidium and Giardia infection in dairy calves.
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The findings of the present study are important as infected cattle pose a risk of transmitting
infection to other livestock and people dealing with the livestock industry. In addition, since
many farms are situated near rivers or recreational areas, the presence of C. parvum in dairy
calves may result in the zoonotic transmission of infection to humans via contamination of
river water by infected animal faeces (Farizawati et al., 2005), which has important public
health implications (Frost et al., 2000; Frost et al., 2002; Frost et al., 2003; Carey et al., 2004;
Goh et al., 2004; Farizawati et al., 2005).

Infection of calves with both parasites can also have a significant economic impact for
farmers as these parasites may cause diarrhoea, reduced weight gain and losses associated
with mortality especially in young calves (Fayer et al., 1998; De Graaf et al., 1999;
O'Handley et al., 1999; Thompson et al., 2005).

4.3

CONTRIBUTION OF THE STUDY

The present study was the first epidemiological study on Cryptosporidium and Giardia
infection in animals as previous research in Malaysia concentrated on the detection of these
parasites from humans or water. The results of the present study will help to increase
awareness of these parasites by farm owners and livestock personnel and the role they play in
farm productivity and human health. The findings are also useful for the Health Department
and Water Authorities and highlight the important role played by animals in disease
transmission. Further research needs to be conducted to accurately study the transmission
dynamics of zoonotic parasites and to prevent food and water contamination with these
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parasites. These findings show that further research is required also in cattle of different age
categories, across a wider geographical area, in other species of animals, in people in contact
or living near dairy farms, in water catchment areas and in drinking water.

The present study contributes new knowledge about the prevalence of the Cryptosporidium
sp. and Giardia sp. in dairy calves in Malaysia. Genotyping can accurately reveal
transmission routes and map Cryptosporidium outbreaks. The 60-kDa glycoprotein (GP60)based PCR sequencing tool used in the present study, has proven to be a particularly useful
tool to examine the population structure and transmission dynamics of C. parvum (Strong et
al., 2000; Peng et al., 2001; Alves et al., 2003; Peng et al., 2003a; Xiao et al., 2004a;
Sulaiman et al., 2005; Alves et al., 2006; Feltus et al., 2006; Trotz et al., 2006).

4.4

FINDINGS OF THE STUDY IN RELATION TO THE AIMS

The aim of the present study was to determine the prevalence and genotypes of
Cryptosporidium sp. and Giardia sp. in pre and post weaned dairy calves in Johor State in
Malaysia. Specifically, the first objective was:To determine the prevalence and species of Cryptosporidium and Giardia in preweaned and post-weaned dairy cattle.
This objective was met as the study showed that the prevalence of Cryptosporidium in preweaned calves was 30.8% (95% CI: 22.6, 39.1%) similar to calves after weaning 23.3% (95%
CI: 15.8, 30.9%) (χ2=1.92, df=1,1, P=0.17). The prevalence of Giardia infection was twice as
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high in pre-weaned calves (16.8%; 95% CI: 10.1, 23.5%) compared to weaned calves (8.3%;
95% CI: 3.4, 13.2%) (χ2=4.0, df=1,1, P=0.04). Therefore, the prevalence of Giardia sp. was
significantly higher in pre-weaned calves compared to post-weaned calves. There were also
differences in the species of Cryptosporidium present in calves prior to and after weaning. In
the present study, C. parvum was only isolated from pre-weaned calves, with the highest
prevalence in calves less than one-month old (33.3%; 95% CI: 14.5, 52.2%). However, C.
andersoni was more prevalent in weaned calves with the highest prevalence in calves older
than10 months (15.4%; 95% CI: 0, 35%).

The second objective for the present study was:
To determine if factors such as intensive and semi intensive farming practices
influenced the prevalence of Cryptosporidium and Giardia in dairy calves in
Malaysia.
The present study demonstrated that farming practices did not influence the prevalence of
Cryptosporidium and Giardia in dairy calves. For Cryptosporidium, calves reared under an
intensive management system had a prevalence of 31.7%, which was similar to semi
intensive farms (22.5%). Furthermore, the prevalence of Giardia sp. in semi intensive farms
was 14.2% and was similar to intensive farms (10.8%). This finding was similar to another
study that indicated no association between types of farm with the prevalence of infection in
central Spain. In that study, a prevalence of 45.9% and 50.4% was reported respectively for
Cryptosporidium prevalence in intensive and semi intensive rearing systems (Castro-Hermida
et al., 2002).
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The third objective for the present study was:
To determine the role of other management factors on the prevalence of
Cryptosporidium and Giardia in dairy calves in Malaysia.
Analysis of management factors identified seven factors that were significantly associated
with Cryptosporidium infection in dairy calves. Factors that increased the risk of shedding
included keeping pre-weaned calves in pens with slatted floors, having other cattle farms
close by, keeping post-weaned calves in pens with a sand floor and feeding calves with
saleable milk. Management factors that decreased the risk of Cryptosporidium infection
included frequent treatment with antibiotics and anti-diarrheal drug such as kaolin pectin,
frequent de-worming and washing the feeding utensils with disinfectant.

These findings of putative risk factors which contribute to Cryptosporidium infection were
similar to those reported by previous studies (Mohammed et al., 1999; Castro-Hermida et al.,
2002; Trotz et al., 2008). The present study shows that giving calves saleable milk increased
the probability of Cryptosporidium infection and indicates that feeding calves anything other
than fresh colostrum increased the risk of infection (Mohammed et al., 1999). Keeping calves
in pens with concrete floors reduced the risk of Cryptosporidium infection in pre-weaned
calves; this was similar to results of previous studies conducted in Spain and Ontario, Canada
(Castro-Hermida et al., 2002; Trotz et al., 2008). However other studies have reported no
association between type of housing and prevalence of infection (Maldonado-Camargo et al.,
1998; Sant'in et al., 2004; Winkworth et al., 2008). Another study reported a higher
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prevalence of Cryptosporidium in animals housed on solid, rather than slatted floors
(Maddox-Hyttel et al., 2006).

In the present study, five management factors were significantly associated with increased or
decreased Giardia prevalence in dairy calves. Factors which increased the risk of Giardia
infection included keeping weaned calves in pens with sand floors, calf age (i.e. calves
younger than 5 months old were at a higher risk of infection) and more frequent use of
anthelmintics. Management factors which decreased the risk of Giardia infection were
keeping pre-weaned calves in pens with concrete floors and calving in single cow calving
areas. The higher prevalence of Giardia in calves younger than 5 months old was similar to
another study which reported a significant association between age and Giardia prevalence
(Wade et al., 2000). In that study, calves that were less than six-months old were ten times
more likely have a Giardia infection compared to six to 24 month old calves (Wade et al.,
2000). In contrast, another study in New Zealand showed no association between age and
Giardia infection (Winkworth et al., 2008). Yet another study reported that separation of
calves from dams immediately after birth reduced the prevalence of Giardia infection (Wade
et al., 2000) and that there are no significant association between calf age and Giardia
prevalence. Due to the small amount of previous studies on management factors associated
with Giardia prevalence in dairy cattle, no other comparison can be made with previous
literature and other management factors identified in the present study that were significantly
associated with Giardia infection
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It is also important to note that in the present study only a small number of herds (16) were
investigated and it is possible that some factors which were excluded from the final
multivariable model may have been significant if more farms were included in the study.

4.5

MANAGEMENT STRATEGIES

A more thorough understanding of the public health significance of (oo)cysts circulating on
farms and in the environment will enable more effective calf management strategies to be
implemented. It is important to control Cryptosporidium and Giardia infections in dairy
calves, not only to enhance calf performance but also to avoid environmental contamination.

Based on calf management factors that were found to be associated with the prevalence of
Cryptosporidium and Giardia during the present study, appropriate disease prevention plans
can be adopted. Such plans are important in order to minimize economic losses and potential
hazards of both parasites to public health.

The following changes to current management practices are recommended:
1. Isolating newborn calves from other calves during critical infection periods to
minimize transmission.
Previous study indicated both Giardia and Cryptosporidium have an impact on the health of
young cattle manifested by diarrhoea and reduced weight gain either alone or in combination
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(Xiao and Herd, 1994; Olson et al., 1995; O'Handley et al., 1999; Huetink et al., 2001).
Furthermore, a number of studies have reported that C. parvum was recovered only from
calves younger than 30 days of age. In addition, Giardia and concurrent infection with
Giardia and Cryptosporidium were reported as the primary cause of diarrhoea in calves less
than one month (Olson et al., 1997a; O'Handley et al., 1999; Wade et al., 2000). Other studies
reported the importance of calf-to-calf contact in transmission of Cryptosporidium and
Giardia (oo)cyst especially when the calves where kept in groups (St. Jean et al., 1987; Xiao
et al., 1993; O'Handley et al., 1999; Wade et al., 2000). On the northern farm, calves were
raised in group pens previously.

Provision of individual pens rather than group housing will help reduce the transmission of
these parasites. It has been previously shown that reduced spread and transmission of the
parasites can result by isolating newborn calves from other calves without the need for
laboratory testing of samples (Olson et al., 2004). This is in line with a recent study that
reported a lower risk of infection when calves were kept in individual pens due to low level
of (oo)cysts in the environment (Hamnes et al., 2006). In contrast, keeping calves in groups
increased risk of infection due to close contact between calves and increased the possibility of
direct transfer of pathogens from one calf to another. It also reduced cleaning efficiency of
pens resulting in higher (oo)cyst accumulation on the farm facility (Hamnes et al., 2006).

2.

Housing calves in pens with cement floors rather than with sand/soil floors

Calves should be kept in pens with concrete flooring rather than pens with sand/soil floors as
the present study and other studies have reported a lower risk of Cryptosporidium infection in
pre-weaned calves kept in pens with a concrete floor (Castro-Hermida et al., 2002; Trotz et
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al., 2008). This is most likely directly related to the type and frequency of cleaning, i.e.
cement floors were washed thoroughly with pressure hoses compared with other types of
flooring (sand, earth or gravel) that were swept occasionally. The viability of oocysts in soil
for two months or more also increases the likelihood of calves ingesting infective oocysts
(Lim et al., 1999; Farizawati et al., 2005).

3.

Washing pens and all feeding utensils with disinfectant

The findings of the present study indicates that pens and all feeding utensils should be
washed and disinfected frequently to reduce oocyst accumulation on the farm. A number of
studies have reported that calves in pens which were regularly disinfected were at a lower
risk of infection compared with calves from pens which were not disinfected (CastroHermida et al., 2002; Hamnes et al., 2006) . For example, calves kept in pens that were
cleaned daily were 87.0% less at risk of infection compared to calves that were kept in pens
that were cleaned monthly (Castro-Hermida et al., 2002). Other studies have also reported
that regular (daily) and effective cleaning of farms is also important in order to reduce or to
eliminate infection (O'Handley et al., 2000b; Geurden et al., 2006b).

4.

Treating/composting faecal waste before it is disposed of or applied to land as a crop
fertilizer.

Cryptosporidium and Giardia (oo)cyst are extremely resistant to chemical disinfection and
can survive for several months in the aquatic environment (Robertson et al., 1992; Johnson et
al., 1997). Therefore, Cryptosporidium and Giardia represent a threat to public health and
also a challenge to water service providers. The present study demonstrated that faeces from
dairy livestock operations have the potential to contaminate ground and surface water with
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Cryptosporidium and Giardia (oo)cysts. Cryptosporidium and Giardia (oo)cyst are
frequently detected in rivers and lakes and have also been detected in groundwater and
treated drinking water (Frost et al., 2000; Frost et al., 2002; Glaberman et al., 2002; Rose et
al., 2002; Frost et al., 2003; Farizawati et al., 2005). Numerous waterborne outbreaks have
been associated with agricultural waste or sewage contamination of water (either C. hominis
or C. parvum) (MacKenzie et al., 1994; Glaberman et al., 2002; Monis and Thompson, 2003;
Mathieu et al., 2004).

Dairy waste can be treated via composting, anaerobic digestion, anaerobic lagoons, aerobic
ponds and artificial wetlands (Bowman, 2008). As stated by the Europe Sludge Directive
86/278/EEC (CEC 1986), effective treatment process such as storage for 3 months for faecal
waste is required before application to agricultural land (CEC, 1986). Furthermore, the
Canadian Council of Ministers Environment guidelines stated that faeces should undergo
composting at operating conditions of ≥ 55°C for at least for 15 days (CCME, 2005).
Previous studies that reported zero viability of Giardia and Cryptosporidium (oo)cyst after 42
days of composting cattle faeces at temperatures ≥ 550C (Herk et al., 2004).

Previous research has also reported that semi solid cow faeces kept at ambient temperatures
for 176 days resulted in 66% oocyst inactivation (Robertson et al., 1992). Exposure of
oocysts in water to extreme UV index days resulted in 90% inactivation of oocysts in tap
water within the first hour (King et al., 2008) and a 100% reduction in oocyst excystation
after a four hour exposure period (Campbell et al., 1995). Other studies have reported that
medium and low UV irradiation was able to inactivate C. parvum oocysts and that even
though the oocysts remained intact, they were non-infective (Belosevic et al., 2001).
Desiccation affects oocyst viability dramatically, with 95% oocyst inactivation within four
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hours at room temperature (Deng and Cliver, 1999) and 100% oocyst inactivation within four
hour when dried in air at 18 to 220C (Robertson et al., 1992). Although factors, such as pH,
UV light and drying (dessication), are important, the most important limiting factor for
(oo)cyst survival are high temperatures in livestock manures and the wider environment
(Olson et al., 1999; Nicholson et al., 2002). One study concluded that the majority of
pathogens in manure will decline below detectable limits after 3 months, however only one
month was sufficient for compost manure to applied on the land (Nicholson et al., 2002).
Olson et al., (1999) also suggested that contaminated cattle faeces should be distributed on
fields during warmer months and after 12 weeks of storage to minimize contamination of the
water supply by heavy runoff.

Pell (1997), suggested that drying of faeces was an appropriate strategy for tropical countries
with plenty of sunshine. As Malaysia has ample sunshine, this would be an appropriate and
cost-effective strategy for management of animal wastes, which is crucial to reduce
environmental contamination and to break the parasite‘s lifecycle.

5.

Farmer education on the effects of these parasites on animal health and the risk of
contamination of the environment and water sources

The results of the survey revealed that most farmers has never heard of Cryptosporidium and
Giardia but had some familiarity with nematodes. Therefore, authorities such as the health
department should provide information about the importance and zoonotic potential of
Cryptosporidium and Giardia to increase public awareness about both parasites. This can be
achieved by launching campaigns through the mass media to prevent zoonotic transmission
of infection by adopting higher standards of hygiene and proper waste management. This is
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important since many studies in Malaysia showed high rates of cryptosporidiosis and
giardiasis in humans especially in children and AIDS patients (Norhayati et al., 1998; Menon
et al., 1999; Al-Mekhlafi et al., 2005; Lim et al., 2008a; Zaidah et al., 2008). The department
of veterinary service can play a key role in educating farmers about the impact of both
parasites on animal production, particularly diarrhoea, reduced weight gain and losses
associated with mortality especially in young calves (Fayer et al., 1998; De Graaf et al., 1999;
O'Handley et al., 1999; Thompson et al., 2005).

4.6

LIMITATIONS OF THE PRESENT STUDY

The prevalence of Cryptosporidium and Giardia identified from the present study cannot be
generalized for the entire cattle population in Malaysia since not all age categories of cattle
were sampled. The present study may have resulted in a biased picture of the prevalence of
Cryptosporidium and Giardia infection in Malaysian cattle as it focused on two districts with
a high density of dairy cattle and only sampled calves less than 12 months of age.

Ideally samples should be collected from all sized farms to provide a more accurate estimate
of the true prevalence. Other infectious agents that can cause neonatal diarrhoea should also
be evaluated to determine if other pathogens, in addition to Cryptosporidium and Giardia are
responsible for clinical symptoms in dairy calves or if concurrent infections occur. Previous
studies have reported that the pathogenesis of Cryptosporidium and Giardia infection is
complicated by concurrent enteric viral (rotavirus and coronavirus), bacterial (E. coli and
Salmonella sp.) and other parasitic infections (Fayer et al., 1998; De Graaf et al., 1999;
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O'Handley et al., 1999) as their occurrences are also reported in calves in the first month of
life and could contribute to the severity of the infection (De Graaf et al., 1999; O'Handley et
al., 1999; Joachim et al., 2003).

The present study involved sampling calves at only one time point (i.e. a point prevalence of
infection). Undertaking a longitudinal study would allow collection of more accurate
knowledge on the transmission and spread of these parasites in dairy calves. Further studies
are required to determine the potential for zoonotic transmission to humans and the impact of
this infection on public health in Malaysia. This would involve collecting human samples
from the farms and determining the Cryptosporidium GP60 and Giardia gdh subtypes that
are prevalent in farmers and also the general community.

Elucidating the potential risk factors for infection with Cryptosporidium and Giardia in the
present study was restricted to sampling only a small number of farms in two districts due to
constraints on time and resources. A wider study may determine the role of other
management factors not identified as important in the present study.

4.7

FUTURE STUDIES

The lack of genotyping studies to date on isolates of Cryptosporidium and Giardia from
Malaysian domestic animals means their contribution to contamination of the environment
remains largely unknown. The present study is the first to identify the human infectious C.
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parvum (subtype IIa and IId) in dairy calves. Sub-genotyping of isolates provides greater
detail about genotypic differences between animal and human isolates. For example, the gdh
and/or triosephosphate isomerase gene (TPI) could be used for Giardia sp. due to the high
genetic heterogeneity displayed by Giardia sp. at these loci (Sulaiman et al., 2003). If
assemblage A is detected, these loci could be used to differentiate between G. duodenalis
Assemblage A group I which is found in humans and other mammals and group II which is
found predominantly in humans, enabling a better determination of the zoonotic potential.
Similarly, the GP60 gene for Cryptosporidium is an important tool for fingerprinting isolates
and for tracking transmission routes because of a very high degree of sequence diversity
among C. parvum and C. hominis isolates (Xiao et al., 2004a).

As only a small number of herds (16) were included in the present study, it is possible that
the associations identified as important may not be important in a larger study. Therefore
further research should examine a larger sample size from different locations to obtain more
accurate data on management factors significantly associated with Cryptosporidium and
Giardia infection in cattle. Other factors such as geographical location including data on
temperature, rainfall and soil type, herd size and other management practices related to
animal husbandry that predispose cattle to infection should also be examined.

4.8

CONCLUSIONS

The present study demonstrated that the prevalence of Cryptosporidium and Giardia in dairy
calves was high; in particular, the prevalence of Giardia infection was high in pre-weaned
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calves. There was an association between different Cryptosporidium species and the age of
the calves, with pre-weaned calves less than one-month old being the major source of
zoonotic C. parvum. A number of management factors were identified which contributed to
infection. Manipulating these factors should help control the level of infection and may
control the disease. This is the first epidemiological study done in Malaysia to identify
management factors, which contribute to infection and is the first study done to identify the
subtype of zoonotic C. parvum in dairy calves.

In conclusion, a high prevalence of both zoonotic species C. parvum (subtype IIa and IId) and
non-zoonotic species were found in dairy calves in Johor, Malaysia. These calves may
therefore, represent a risk to farmers and veterinarians by means of direct contact and to the
general human population in the region through the contamination of food and water with
oocysts.
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Appendix 1
Prevalence and management factors related to the prevalence of Cryptosporidium
and Giardia in dairy calves in the state of Johor, Malaysia

Conducted by: Regional Veterinary Laboratory of Johor Bahru, Department of
Veterinary Services (DVS), Johor, Malaysia

GENERAL MANAGEMENT

1. How many animals are there in your farm/herd?

____________________

a) How many animals by age group ?

Bull
Female Breeder
Heifers
pre-weaned calves
Post-weaned calves

2. How many cows are you currently milking?

________________________

3. How many dry cows do you have?

_________________________
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4. Number of calves in your herd/farm:

__________________________

5. Is your farm registered with the state DVS?

Yes

No

Don‘t know

6. How large is your farm?

…………………………….(acres)

7. What breed of cattle do you have on your farm?

Friesian

Jersey

Mafriwal
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Others…………………………………….

8. What type of management is practiced for the herd?

In a barn all the time and being feed

The cattle are allowed to graze at a certain time of the day

The cattle are free to graze anywhere and at any time

9. How are the animals fed?

Grazing

Cut and carry

Feed ad lib (concentrate only)

Others? Please specify …………………………
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10. If the cattle are let free to graze, what type of grazing system is adopted for the herd?

No restriction (free area)

Systematic rotational grazing (cattle moved daily to graze, electric fencing
is used to confine the cattle.
The cattle are allowed to graze at particular areas restricted by non-electric
fencing.

11. Are the cattle separated according to gender (Yes/No)?

Yes
No

12. Do the cattle get any feed supplements?

Yes
No

13. If yes, what type of feed supplement is used?

Palm Kernel Cake (PKC)
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Concentrate
Others (Please specify):
…………………………………
….

14. If feed supplement is used, is it specially made or purchased?

Made
Purchased
Both

15. If purchased, where do you buy the feed supplement from?

Feed distributor
Pet Shops
Others (Please specify):
…………………………………
…

16. What is the source of water for the herd?

Tap water
River
Groundwater
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Others (Please specify):
…………………………………

17. If the water source comes from rivers and/or groundwater, do you treat it?

Yes
No

18. If treated, how do you treat it?

Filter
Chemical (chlorine)
Others (Please specify):
…………………………………

19. Approximately how far is your herd from the nearest cattle herd?

_________________

20. Approximately how far is your herd from other livestock such as buffalo, goats,
sheep and pigs?
____________________
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21. When was the last time you introduced new cattle to your farm?

___________________________

22. How often do you introduce new animals to your farm?

____________________________________

23. Are there any quarantine procedures practiced prior to the introduction of new cattle
into the herd?

Yes
No

24 If yes, please specify: …………………………………………………………………

25. Are there are any other animals on this farm?

Yes
No
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26. If yes please specify
____________________________________________________

27. Do you have any specific management practices for handling animal waste?

Yes
No

28. If no, where does the faeces or effluent go?
________________________________________

29. If yes, how do you manage the animal waste?

treatment
No treatment

30. If treated, what type of waste treatment system do you use?

Lagoon system
Solid separator
Probiotics
Others (Please specify):
…………………………………
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COW- CALF MANAGEMENT

Perinatal management

1. Where are calves born?
multi-cow calving area
single –cow calving area

2. Do you clean the calving pens before they are born?

Yes
No

3. What is the floor of the calving pen made of?

Concrete
Earth
Gravel
Other (Please specify)

4. If earth flooring, do you sweep the floor?

Yes
No
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5. Do you separate calves from dams within 12 hours after birth?

Yes
No

Pre-weaned calves management

1. Where are calves located?

Cow shed
Multiage group
Calf group (large pens)
Individual pen (wire enclosure, solid concrete wall, timber wall)

2. If calves are in groups, what is the size of the pen for the calf group?

__________________________

3. If calves are housed individually, what is the size of the individual pen?

___________________________
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4. What do you use for the flooring in the calf housing area?
Concrete
Earth
Gravel
Other (Please specify)

5. If earth flooring, do you sweep the floor?

Yes
No

6. Is the calf allowed to remain with the mother for at least 12 hours following birth?

Yes
No

7.How much colostrum is fed to the calf in the first 24 h after birth?

< 4L
5-8 L
>8L
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8.

How does a calf get its colostrum?
From its mother
by bottle
esophageal tube
other please specify
……………………..

9. After 24 hours are calves fed whole waste milk?

Yes
No

10. Are calves fed saleable milk?

Yes
No

11. Are calves fed milk replacer?

Yes
No

.
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12. Do calves get starter feeding in the first week of life?

Yes
No

13. Does calf feed contain a coccidiostat?

Yes
No

. 14. If yes, what type of coccidiostat is used in the calf starter feed?

Decoquinate
Monensin
Other(please specify)
………………………….

15. Is the navel of the calf dipped with iodine?

Yes
No
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16. Do you wash the feeding utensils with disinfectant?

Yes
No

17. If yes, what type of disinfectant is used?
____________________________________

18. Do you wash the feeding utensils with soap/detergent?

Yes
No

Post-weaned management of calves

1. Where are the calves kept after weaning?

Cow shed
Multiage group
Calf group (large pens)
Individual pen (wire enclosure, solid concrete wall, timber wall)
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2. If calves are in groups, what is the size of the pen for each calf group?

____________________________________

3. If calves are housed individually, what is the size of the individual pen?

____________________________________

4. What is the floor of the calf housing area made of?
Concrete
Earth
Gravel
Other (Please specify)

BIOSECURITY

1. Is the herd confined to an area surrounded by a fence?
Yes
No
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2. Can the public or any unauthorized personnel enter the herd area?
Yes
No

3. Is there a vehicle dip at the entrance to the farm?
Yes
No

4. Is the dip area being covered from the rain?

Yes
No

5. Are vehicles sprayed going into and out of the farm?

Yes
No

6. If yes, what type of disinfectant is used? ………………………………..
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HERD HEALTH PROGRAM

1. Is medication given to newborn calves?
Yes
No

2. If yes, what type of medication is given to the calf? …………………………..
3. Do you treat the mothers for scours before calving?
Yes
No

4. Do you treat calves with drugs for diarrhea?
Yes
No

5. When was the most recent medication given?
Date……………… (dd/mm/yyyy)

6. What type of medication is routinely used for the herd?
The brand name……………………
The active ingredient ……………………………..
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7.

Approximately how many times do you give treatments each year?

________________________________

8.

Do you use injectable vitamin E and selenium for newborn calves?
Yes
No

9.

Are newborn calves vaccinated against any diseases?
Yes
No

10.

If yes , what type of vaccination? …………………………..

11.

Is there any vaccination given for BVD or Coronavirus for calves?
Yes
No

12.
When was the most recent vaccination given?
Date………………

13.
What type of vaccination was used for the calves?
The brand name………………………………..
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The active ingredient ……………………………..

14.

How many times are the calves vaccinated each year? ……………….

GENERAL

1.

Has your herd previously had diarrhea/scours?
Yes
No

2.

Do you know what caused this diarrhea?
Yes
No

3.

If yes, please outline………………………………………………….

4.

Do you know the clinical signs of diarrhea?
Yes
No

5.

If yes, please describe…………………………………………………
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6.

Do you know how to control diarrhea?
Yes
No

7.

If yes, please describe ……………………………………………….

8.

In the last outbreak were samples sent to the lab?
Yes
No

9.

If yes, what were the results you received from the lab?

______________________________________

10.

If a recommendation or control strategy was given by the laboratory what was it?

________________________________________________________________________
________________________________________________________________________
__________________________________________________________________
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General comments:

Thank you for taking the time to complete this questionnaire.

The complete questionnaire should be sent to:

Dr Aida Muhid
Master‘s student,
Faculty of Veterinary Medicine and Biomedical Sciences,
Murdoch University,
Perth, Australia
Phone: +61893606424; Mobile: +61404479814
Email: idah6910@yahoo.com
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Appendix 2
Table 3.2. Prevalence of Cryptosporidium in pre-weaned and post-weaned calves in sixteen farms in Johor states by PCR analysis of the 18S
rRNA locus and qPCR analysis of a diagnostic locus (Upper and lower 95% confidence intervals are given in parenthesis).
No

Farm
id

Farm
management

Total farm

Pre-weaned calves

Prevalence %

Post-weaned calves

1.

JA 58

intensive

No. positive/no
of samples
3/11

2

JA 63

intensive

1/10

10.0 (0.0,28.6)

0/1

0

1/9

11.1(0.0,31.6)

3

JA 04

intensive

0/9

0

0/5

0

0/4

0

4

JA 82

intensive

0/14

0

0/0

0

0/14

0

5

JA 73

intensive

3/16

18.8 (0.0,37.9)

0/4

0

3/12

25(0.5,49.5)

6

JC 01

intensive

20/31

64.5(47.7,81.4)

10/16

62.5(38.8,86.2)

10/15

66.7 (42.8,90.5)

7

JC 04

intensive

0/6

0

0/3

0

0/3

0

8

JC 43

intensive

11/23

47.8(27.4,68.2)

6/11

54.5(25.1,84.0)

5/12

41.7(13.8,69.6)

9

JA 10

semi intensive

7/16

43.8 (19.4,68.1)

6/14

42.9(16.9,68.8)

1/2

50(0.0,100)

27.3 (1.0,53.6)
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No positive/no of
samples
3/9
samples

Prevalence %

No positive/no
of samples
33.3 (2.5,64.1)
0/2
samples

Prevalence %
0

No

Farm
id

Farm
management

Total farm

Pre-weaned calves

10

JA 13

semi intensive

No. positive/no
of samples
7/16

11

JA 57

semi intensive

2/12

16.7(0.0,37.8)

1/7

14.3(0.0,40.2)

1/5

20 (0,55.1)

12

JA 60

semi intensive

3/16

18.8 (0.0,37.9)

2/8

25(0.0,55)

1/8

12.5 (0,35.4)

13

JB 02

semi intensive

1/20

5.0 (0.0,14.6)

0/10

0

1/10

100,28.6)

14

JB 01

semi intensive

6/28

21.4(6.2,36.6)

4/14

28.6(4.9,52.2)

2/14

14.3 (0,32.6)

15

JC 33

semi intensive

0/6

0

0/3

0

0/3

0

16

JC 12

semi intensive

1/6

16.7(0.0,46.5)

1/3

33.3(0.0,86.7)

0/3

0

65/240

27.1(21.5,32.7)

37/120

30.8(22.6,39.1)

28/120

23.3(15.8,30.9)

Overall

Prevalence %

Post-weaned calves

43.8(19.4,68.1)
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No positive/no of
samples
4/11
samples

Prevalence %
36.4(7.9,64.8)

No positive/no
of samples
3/5
samples

Prevalence %
60(17.1,100)
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Table 3.3. Summary of samples in which Cryptosporidium species were identified.
No Isolate
ID.
1
JC1201

Location

Breed

Age(months)

Cryptosporidium spp.

Kluang

Farm
Management
semi intensive

Mafriwal

3.75

C. andersoni

2

JA1005

Johor Bahru

semi intensive

F/S

5.00

C. andersoni

3

JC0107

Kluang

intensive

Fx

3.00

C. andersoni

4

JC0120

Kluang

intensive

Fx

7.00

C. andersoni

5

JA1006

Johor Bahru

semi intensive

F/S

4.00

C. andersoni

6

JA1013

Johor Bahru

semi intensive

F/S

5.00

C. andersoni

7

JA1016

Johor Bahru

semi intensive

F/S

9.00

C. andersoni

8

JA1304

Johor Bahru

semi intensive

F/J

4.00

C. andersoni

9

JA1307

Johor Bahru

semi intensive

F/J

4.00

C. andersoni

10

JA1311

Johor Bahru

semi intensive

F/J

9.00

C. andersoni

11

JA1312

Johor Bahru

semi intensive

F/J

11.00

C. andersoni

12

JA1313

Johor Bahru

semi intensive

F/J

11.5

C. andersoni

13

JA1316

Johor Bahru

semi intensive

F/J

6.00

C. andersoni

14

JB0105

Kluang

semi intensive

Jersey

3.00

C. bovis

15

JC4308

Kluang

intensive

F/J

3.00

C. bovis

16

JC4323

Kluang

intensive

F/J

2.80

C. bovis

17

JC0104

Kluang

semi intensive

Fx

2.00

C. bovis

18

JC0122

Kluang

semi intensive

Fx

6.00

C. bovis

19

JC0124

Kluang

semi intensive

Fx

5.00

C. bovis

20

JC0128

Kluang

semi intensive

Fx

6.00

C. bovis

21

JA5803

Johor Bahru

intensive

F/S

4.00

C. bovis

22

JA5804

Johor Bahru

intensive

F/S

5.00

C. bovis

23

JA6008

Johor Bahru

semi intensive

F/S/J

0.50

C. bovis
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No Isolate
ID.
24 JB0129

Location

Breed

Age(months)

Cryptosporidium spp.

Kluang

Farm
Management
semi intensive

Mafriwal

3.75

C. bovis

25

JB0128

Kluang

semi intensive

Mafriwal

4.25

C. ryanae

26

JC0101

Kluang

semi intensive

Fx

3.00

C. ryanae

27

JC4305

Kluang

intensive

F/J

1.75

C. ryanae

28

JC4307

Kluang

intensive

F/J

1.00

C. ryanae

29

JC4 19

Kluang

intensive

F/J

2.80

C. ryanae

30

JB0103

Kluang

semi intensive

Mafriwal

1.00

C. bovis

31

JC 0130

Kluang

semi intensive

Fx

9.00

C. ryanae

32

JA6304

Johor Bahru

intensive

F/J

3.75

C. ryanae

33

JA7314

Johor Bahru

intensive

F/J

6.25

C. ryanae

34

JC4306

Kluang

intensive

F/J

0.40

C. parvum

35

JC4303

Kluang

intensive

F/J

0.50

C. parvum

36

JA1002

Johor Bahru

semi intensive

F/S

0.33

C. parvum

37

JC0110

Kluang

semi intensive

Fx

0.50

C. parvum

38

JC0111

Kluang

semi intensive

Fx

0.25

C. parvum

39

JC0112

Kluang

semi intensive

Fx

0.20

C. parvum

40

JC0113

Kluang

semi intensive

Fx

0.17

C. parvum

41

JC0115

Kluang

semi intensive

Fx

0.13

C. parvum

42

JC4317

Kluang

intensive

F/J

2.75

C. parvum and C. ryanae

43

JA5801

Johor Bahru

intensive

F/S/J

4.00

C. parvum

44

JB0110

Kluang

semi intensive

Mafriwal

2.00

C. parvum and C. ryanae

45

JA1004

Johor Bahru

semi intensive

F/S

3.00

C. parvum and C. bovis

46

JA6007

Johor Bahru

semi intensive

F/S/J

0.50

C. andersoni and C. bovis

47

JC4321

Kluang

intensive

J/Fx

1.25

C. ryanae

48

JC0121

Kluang

semi intensive

Fx

8.00

C. bovis

49

JC0131

Kluang

semi intensive

Fx

5.00

C. bovis
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No Isolate
ID.
50 JA1310

Location

Breed

Age(months)

Cryptosporidium spp.

Johor Bahru

Farm
Management
semi intensive

F/J

9.00

C. bovis

51

JA5707

Johor Bahru

semi intensive

F/S

7.00

C. ryanae

52

JA6009

Johor Bahru

semi intensive

F/S/J

8.00

C. andersoni

53

JB0101

Kluang

semi intensive

Mafriwal

2.00

C. bovis

Mafriwal = Malaysian Friesian Sahiwal cross, F/S = Friesian Sahiwal cross, F/S/J=Friesian
Sahiwal Jersey cross, J/Fx=Jersey Friesian cross, Fx=Fresian cross, F/J= Friesian Jersey cross.
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Table 3.5. Prevalence of Giardia in pre-weaned and post-weaned calves in sixteen farms in Johor state by PCR analysis of the 18S rRNA and gdh
loci (Upper and lower 95% confidence intervals are given in parenthesis).
No

Farm
id

Farm
management

Total farm

Pre-weaned calves

No. positive/no
of samples

Prevalence %

No positive/no
of samples

Prevalence %

Post-weaned calves
No positive/no of
samples

Prevalence %

samples
1/2

50(0.0,100)

1.

JA 58

intensive

2/11

18.2 (0.0,41)

samples
1/9

2

JA 63

Intensive

1/10

10.0 (0.0,28.6)

0/1

0

1/9

11.1(0.0,31.6)

3

JA 04

Intensive

0/9

0

0/5

0

0/4

0

4

JA 82

Intensive

1/14

7.1 (0.0,20.6)

0/0

0

1/14

7.1(0.0,20.6)

5

JA 73

Intensive

2/16

12.5 (0.0,28.7)

1/4

25 (0.0,67.4)

1/12

8.3(0.0,24)

6

JC 01

Intensive

0/31

0

0/16

0

0/15

0

7

JC 04

intensive

0/6

0

0/3

0

0/3

0

8

JC 43

intensive

7/23

30.4 (11.6,49.2)

3/11

27.3 (1.0,53.6)

4/12

33.3(6.7,60)

9

JA 10

semi intensive

3/16

18.8 (0.0,37.9)

3/14

21.4 (0.0,42.9)

0/2

0
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11.1 (0.0,31.6)

No

Farm
id

Farm
management

Total farm

Pre-weaned calves

Post-weaned calves

No. positive/no
of samples

Prevalence %

No positive/no
of samples

Prevalence %

No positive/no of
samples

Prevalence %

10

JA 13

semi intensive

6/16

37.5 (13.8,61.2)

samples
5/11

45.5 (16,74.9)

samples
1/5

20 (0,55.1)

11

JA 57

semi intensive

2/12

16.7 (0.0,37.8)

2/7

28.6 (0.0,62)

0/5

0

12

JA 60

semi intensive

1/16

6.3(0.0,18.1)

0/8

0

1/8

12.5 (0,35.4)

13

JB 02

semi intensive

4/20

20.0 (2.5,37.5)

4/10

40 (9.6,70.4)

0/10

0

14

JB 01

semi intensive

0/28

0

0/14

0

0/14

0

15

JC 33

semi intensive

1/6

16.7 (0.0,46.5)

1/3

33.3 (0.0,86.7)

0/3

0

16

JC 12

semi intensive

0/6

0

1/3

0

0/3

0

30/240

12.5 (8.3,16.7 )

20/120

16.8 (10.1,23.5)

10/120

8.3(3.4,13.2)

Overall
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Table 3.6 Summary of positive sampled in which Giardia species were identified.
No

Isolate Id

Location

Farm Management

Breed

1 JA5810

Johor Bahru

intensive

F/S

7.00

G.duodenalis

2 JA6302

Johor Bahru

intensive

F/J

3.50

G.duodenalis

3 JA8214

Johor Bahru

intensive

F/J

6.00

G.duodenalis

4 JA7301

Johor Bahru

intensive

F/J

2.90

G.duodenalis

5 JA7307

Johor Bahru

intensive

F/J

7.50

G.duodenalis

6 JA1010

Johor Bahru

semi-intensive

F/S

3.00

G.duodenalis

7 JA1014

Johor Bahru

semi-intensive

F/S

5.00

G.duodenalis

8 JA1301

Johor Bahru

semi-intensive

F/J

3.00

G.duodenalis

9 JA1303

Johor Bahru

semi-intensive

F/J

3.00

G.duodenalis

10 JA1304

Johor Bahru

semi-intensive

F/J

4.00

G.duodenalis

11 JA1307

Johor Bahru

semi-intensive

F/J

4.00

G.duodenalis

12 JA1309

Johor Bahru

semi-intensive

F/J

4.00

G.duodenalis

13 JA1315

Johor Bahru

semi-intensive

F/J

7.00

G.duodenalis

14 JA5702

Johor Bahru

semi-intensive

F/S

1.50

G.duodenalis

15 JA5707

Johor Bahru

semi-intensive

F/S

7.00

G.duodenalis

16 JA6016

Johor Bahru

semi-intensive

F/S/J

9.00

G.duodenalis

17 JB0201

Kluang

semi-intensive

Mafriwal

1.75

G.duodenalis

18 JB0208

Kluang

semi-intensive

Mafriwal

2.00

G.duodenalis

19 JB0210

Kluang

semi-intensive

Mafriwal

1.10

G.duodenalis

20 JC3302

Kluang

semi-intensive

J/Fx

3.75

G.duodenalis

21 JC4302

Kluang

intensive

J/Fx

1.60

G.duodenalis

22 JC4304

Kluang

intensive

J/Fx

0.75

G.duodenalis

23 JC4319

Kluang

intensive

J/Fx

2.80

G.duodenalis
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Age (months)

Giardia sp.

No

Isolate Id

Location

Farm Management

Breed

Age (months)

24 JC4321

Kluang

intensive

J/Fx

2.75

G.duodenalis

25 JC4322

Kluang

intensive

J/Fx

2.50

G.duodenalis

Mafriwal = Malaysian Friesian Sahiwal cross, F/S = Friesian Sahiwal cross, F/S/J=Friesian
Sahiwal Jersey cross, J/Fx=Jersey Friesian cross, Fx=Friesian cross,F/J= Friesian Jersey cross.

186

Giardia sp.

