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ABSTRACT

G Giardia spp. is the intestinal protozoa causing giardiasis in animals and humans. Transmission
of the disease occurs via the fecal-oral route between animals to animals and animals to
humans. The objectives of this study were to determine the prevalence of Giardia duodenalis, identify
the assemblage, and analyze factors associated with its infections of water buffaloes in Northeast
Thailand. A total of 567 buffalo fecal samples were collected from northeast provinces including
Sakon Nakhon, Buri Ram, Ubon Ratchathani, Roi Et, Si Sa Ket and Surin. Fecal samples underwent
zinc sulphate floatation and nested PCR (nPCR) based on the SSU-rRNA gene. The overall prevalence
of Giardia duodenalis infections by nPCR was 0.4% (2/567). The positive DNAs were sequenced and
compared to reference nucleotide sequences from GenBank. The prevalence of G. duodenalis infections
in water buffaloes among six provinces was ranged between O to 1.6%. Buri Ram had the highest
individual infections (1.6%, 1/62) and the herd prevalence was 0.7% (2/276). Regarding the factors
associated with G. duodenalis infections, sex, age, herd size, and geographical landscape (basin) were

brought to analysis, but they were not statistically significant.
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INTRODUCTION

Giardia duodenalis is an intestinal protozoan
parasite frequently found in domestic animals and
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humans worldwide [1]. Currently, the molecular
data based on protein and DNA polymorphisms
have shown that G. duodenalis has eight distinct
genetic groups or assemblages (A to H), i.e.,
Assemblages A and B in mammals including
humans, Assemblages C and D in canine,
Assemblage E in livestock, Assemblage F in feline,
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Assemblage G in rodents, and Assemblage H in
marine mammals [2].

Transmission of G. duodenalis is by swallowing
of viable cysts contaminated in food or drinking
water either via fecal-oral route or contact
between human-to-human (anthroponotic) or
Outbreaks of
symptomatic human giardiasis in developing

animal-to-human (zoonotic) [3].

countries including Asia, Africa, and Latin America
have affected more than 200 million people, and
500,000 new cases were annually reported [4].
It is predicted that, by 2050, more than 50% of
people in these regions will be living in urban
and suburban conditions; many of them living
with poor hygiene, where Giardia would be easily
transmitted [4].

The clinical signs of giardiasis frequently
found in humans are diarrhea and weight
loss which have led to increase morbidity and
economic losses. However, giardiasis is commonly
recognized as an asymptomatic infection in
animals [3]. Giardiasis in animals, particularly in
cattle is caused by G. duodenalis Assemblage E and
zoonotic Assemblage A and/or B [5-7]. Therefore,
cattle might be at potential risk for zoonotic
transmission via direct contact or contaminated
water or foods [8-9]. However, there were a few

Northeast regi {

Fig. 1 Locations of fecal sample collection
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reports of G. duodenalis Assemblages E and A in
buffaloes worldwide [10-11].

Water buffalo (Bubalus bubalis) is common
in the Southeast Asian region since buffaloes
are raised for agricultural practices and as meat
product with integrated crop-livestock farming
systems. They are grazing in nearby public or
their own pasture so that they might pollute
environment resulting in an impact on human
or animal health [12]. Therefore, buffaloes might
be regarded as a reservoir for some zoonoses
including giardiasis. The objective of this study
was to investigate the prevalence and factors
associated with G. duodenalis infection in water
buffaloes in northeast Thailand.

MATERIALS AND METHODS
1. Fecal samples collection

A total of 567 fecal samples were collected
from buffaloes of 6 northeast provinces with the
highest population consensus including Sakon
Nakhon, Buri Ram, Ubon Ratchathani, Roi Et, Si
Sa Ket, and Surin, during January to April 2010
(Figure 1). Each fecal sample (approximately 10 g)
was directly collected from rectum of an individual
buffalo by using disposable gloves. Fecal samples
were stored in icebox, transported to Department
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of Parasitology, Faculty of Veterinary Medicine,
Kasetsart University, Bangkok, Thailand. Small
portions of fecal sample were separately preserved
in 10% formalin and 70% alcohol and left at room
temperature while the rest was stored at -20°C
before processing for PCR.

2. Zinc sulphate floatation technique

Fecal samples in 10% formalin were mixed
with 10 ml of Zinc sulphate solution (specific
gravity = 1.18) and the tube was later on filled
up with zinc sulphate so that a slight positive
meniscus would be formed. A cover slip was
placed on top of the tube for 15 min, removed,
and placed on a glass slide. The entire area under
the cover slip was thoroughly examined by light
microscope for the presence of Giardia cysts or
trophozoites.

3. DNA Extraction

Fresh fecal samples stored at -20°C and
preserved in 70% alcohol were extracted for
DNA. Briefly, 200 pl of the fecal suspension was
aliquotted, washed three times with distilled
water, and centrifuged at 2000 G for 10 min.
The DNA was isolated from the pellet using the
Qiagen stool mini kit (Qiagen, Hilden, Germany)
according to manufacturer’s instructions.

4. PCR amplification

The SSU-rRNA gene was amplified and yielded
130 bp using primers RH11, RH4 and GiarF and
GiarR as previously described [13-14]. All PCR
products were separated on a 1.5% agarose gel. The
amplified bands were consequently submitted for
DNA sequencing compared with known reference
sequences using the Basic Local Alignment Search
Tool (BLAST; http://www.ncbi.nlm.nih.gov/
BLAST).

5. Statistical Analysis

The age of animal was considered one of the
risk factors for Giardia infection. In addition, herd
size and sex were also included in the statistical
analysis for predicting their effects on disease
distribution. Correlation between the prevalence

of Giardia infection and factors such as age, sex,
province, herd, and herd size was analyzed by
using Number Cruncher Statistical System (NCSS)
version 2000 (Kaysville, UT) programs and Chi-
square (x?).

RESULTS

A total of 567 fecal samples from 276 buffalo
farms were tested for Giardia infection using
zinc sulphate floatation technique and nested
PCR (nPCR). There were no Giardia cysts nor
trophozoites in all fecal samples subjected to
microscopic examination. Two G. duodenalis
positive samples (0.4% or 2/567) were found by
nPCR based on SSU-rRNA gene and DNA bands
of G. duodenalis at 130 bp were shown in Figure
2. By the provinces, the highest infection was
found in Buri Ram (1.6% or 1/62), followed by
Ubon Ratchathani (1.0% or 1/98). For the herd
prevalence, only 2 out of 276 herds (overall
prevalence of 0.7%) were infected with G.
duodenalis. Factors including age, sex, herd, herd

Fig. 2 DNA bands of G. duodenalis at
approximately 130 bp. (MK = DNA
marker 100 bp; P = Giardia positive

control; $1-S2 = positive samples; NG
= negative control)
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Table 1 Prevalence of Giardia infection in water buffaloes from six provinces of
northeast Thailand and its correlation with potential risk factors

Parameter Giardia positive (%) Statistical parameters

Individual prevalence

Province x>=15.48,df =5, p=0.359
Buri Ram 1/62 (1.6%)
Ubon Ratchathani 1/98 (1.0%)
Roi Et 0/80 (0.0%)
Si Sa Ket 0/55 (0.0%)
Surin 0/70  (0.0%)
Sakon Nakhon 0/202 (0.0%)

Overall prevalence 2/567 (0.4%)

Basin ¥?>=1.11,df=1, p=0.292
Sakon Nakhon 0/202 (0.0%)
Khorat 2/365 (0.5%)

Age group (year) ¥>=1.47,df=2,p=0.479
<1 0/4 (0.0%)
1-5 2/327 (0.6%)
>5 0/236 (0.0%)

Sex ¥2=2.22,df=1,p=0.136
Male 1/78 (1.3%)
Female 1/489 (0.2%)

Herd prevalence

Province 2=7.20,df=5, p=0.206
Buri Ram 1/22  (4.5%)
Ubon Ratchathani 1/48 (2.1%)
Roi Et 0/58 (0.0%)
Si Sa Ket 0/22  (0.0%)
Surin 0/28 (0.0%)
Sakon Nakhon 0/98 (0.0%)
Overall prevalence 2/276 (0.7%)
Herd size x>=0.06,df =1, p=0.806
<5 animals 2/268 (0.7%)
>5 animals 0/8  (0.0%)

size, and provinces (locations of the fecal samples) between 1 and 5 years (0.6%, 2/327), males (1.3%,
were brought to analysis for the correlation with 1/78), and in small herd size (<5 buffalo per herd)
the infection (Table 1). The result showed that (0.7%, 2/268). The geographical landscape of
higher infections were found in buffaloes aged  northeast areas was divided into Khorat and Sakon
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Nakhon Basins [15]. The Khorat basin is located in
the South covering Buri Ram, Ubon Ratchathani,
Roi Et, Si Sa Ket and Surin Provinces. The Sakon
Nakhon Basin is located in the North covering
Sakon Nakhon Province. The higher prevalence
was found in Khorat Basin (0.5%, 2/365). However
the overall results were not statistically significant.

Two PCR positive samples for G. duodenalis
were sequenced and compared to reference
nucleotide sequences from GenBank using
BLAST. For assemblage identification, one
positive sequence from the buffalo in Buri Ram
Province was 100% identical to Assemblage D of
G. duodenalis. The other sequence from Ubon
Ratchathani Province was 100% identical to
assemblage E.

DISCUSSIONS

This study is the first report of Giardia
duodenalis infection in water buffaloes in Northeast
Thailand. The overall prevalence of Giardia spp.
infection in water buffaloes in this study was 0.4%
(2/567) compared to 0.7% (2/297) Giardia infection
in river buffaloes in Sri Lanka [16]. In addition, the
prevalence in this study was relatively low when
compared to 13% (62/476) and 14% (8/57) Giardia
infection in water buffaloes in Australia [10] and
in Italy [11], respectively. For the other studies in
Thailand, the prevalence of Giardia infection have
been reported in animals including dairy cattle
(1%, 4/400) [17] and dogs (70.7%, 162/229) [18].
Nevertheless, the prevalence of giardiasis in Thai
people in the North was ranged from 0.9-14.9%
in the North [19,20], 0.4-37.7% in the Central
[21-23], 1.2-2.2% in the Northeast [22,25], and
4.1-13.1% in the West [23,24].

A diversity of genetic markers for genotyping
G. duodenalis was based on small subunit ribosomal
RNA (SSU-rRNA), p-giardin (bg), glutamate
dehydrogenase (gdh), elongation factor 1-alpha
(ef1a), triose phosphate isomerase (tpi), GLORF-C4
(C4), and inter genomic rRNA spacer region (IGS)
[26]. In this region, the SSU-rRNA sequence is
more conserved and sensitive for the detection of
different assemblages; however, intra-assemblage
variation of this gene is limited. The bg, gdh, and tpi

genes have shown more intra-assemblage variation
that were used to discriminate assemblages A (Al
and AIl) and B (BIII and BIV) [26]. The SSU-rRNA
gene contains the variable at 5’ and 3’ ends that
can be used to identify G. duodenalis assemblage,
so that the specific conserved regions of this gene
would be used for identifying Giardia species [27].
However, the short sequence of PCR product (140-
280 bp) might not be sufficient to differentiate G.
duodenalis assemblages [27].

G. duodenalis Assemblages A and B are
considered potential zoonotic pathogens.
Assemblages A and B exist and are transmitted
among humans, wildlife, domestic and farm
animals [8]. The highest risk of giardiasis
transmission might come from pets such as dogs
and cats that are close to humans [8]. However,
the infected dairy cattle were also an important
reservoir for giardiasis in humans [2]. The
transmission of zoonotic assemblages from cattle
to humans had been associated with water-borne
outbreaks in USA [2]. A few studies of molecular
characterization of Giardia assemblages in water
buffaloes have been reported as Assemblages E and
A[10,11,16,28]. In Italy and Sri Lanka, Assemblage
E found in water buffaloes has been reported more
than Assemblage A [11,16] while water buffaloes
in Australia were infected with only Assemblage
A [10]. G. duodenalis Assemblage E was also found
in cattle, sheep, and pigs and this assemblage was
predominantly distributed among cattle in North
America, Europe and Australia [27]. In this study,
G. duodenalis infection of buffaloes in Thailand,
based on SSU-rRNA gene, were identified as
Assemblages D and E.

Giardia duodenalis infections found in young
animals (less than 1 year) particularly animals
between 2-10 weeks are significantly high [29-30].
For Thai community in the rural area, buffaloes
were roaming in the public pasture such as rice
and corn fields and these areas are polluted by
the animals’ feces leading to the transmission
of Giardia to humans under poor sanitary and
improper hygiene. During the agricultural
practice in the rural area, humans might also
defecate in the field; this will complete the cycle
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of Giardia transmission. Giardia cysts can survive
for months in surface water and in soil [27] so that
people in nearby environment might be at high
risks of ingesting contaminated Giardia cysts in
their water or food.
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