Table 2. List of non-Leptospira strains used for specificity test

Strain Source
Bartonella henselae (type 1) ATCC 49882
Bartonella henselae (type 1l) U4

Borrelia burgdorferi B31

Bordetella pertussis Laboratory isolate

Bordetella parapertussis

Laboratory isolate

Burkholdera pseudomallei

Laboratory isolate

Burkholdera thailandensis

Laboratory isolate

Corynebacterium striatum

Laboratory isolate

Escherichia coli

Laboratory isolate

Haemophilus influenzae

Laboratory isolate

Legionella longbeachae

ATCC 33462

Legionella pneumophila

ATCC 33152

Legionella pneumophila

Laboratory isolate

Neisseria menigitidis

Laboratory isolate

Salmonella typhi Laboratory isolate
Salmonella paratyphi Laboratory isolate
Shigalla dysenteriae Laboratory isolate
Shigalla flexneri Laboratory isolate

Staphylococcus aureus

Laboratory isolate

Streptococcus pyogenes

Laboratory isolate

Vibrio cholerae

" Laboratory isolate

Vibrio cholerae (0139)

Laboratory isolate
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Table 3. List of sequences used to design primers and probe of LipL.32 real-time PCR

assay
Species Serovar Accession Number
L. borgpetersenii Hardjo-bovis CP000348
L. borgpetersenii Mini AY609333
L. borgpetersenii Tarassovi AY609330
L. interrogans Wolffi AY609332
L. interrogans Paidjan AY609329
L. interrogans Hebdomadis AY609328
L. interrogans Pyrogenes AY609323
L. interrogans Lai AY568679
L. kirschneri Grippotyphosa AF121192
L. noguchii Pomona AY609326
L. weilii Manhao AY609331
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%1

Experimental | Immunogen | Challenged | Number | Disease | % of death % of
animal used Strain of symptoms with protection
used animal Shigellosis against

used Shigellosis

PBS Control Nil Wild type 4 Shigellosis 75% 0%

Group Shigella 100% (3/4) (0/4)

dysenteriae (4/4)
Immunized VACCINE Wild type 4 100% 50% 0%
Group STRAIN Shigella (4/4) (2/4) (2/2)
dysenteriae

%2

Experimental | Immunogen | Challenged | Number Disease % of death % of

animal used Strain of symptoms with protection

used animal Shigellosis against

used Shigellosis

PBS Control Nil Wild type 4 Shigellosis 50% 0%

Group S. sonner 100% (2/4) (0/4)

(4/4)
Immunized VACCINE Wild type 4 0% 0% 100%
Group STRAIN S. sonner (0/2) (0/4) (4/4)
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No study in the past has examined the genetic diversity and zoonotic potential of Giardia
duodenalis in dairy cattle in India. To assess the importance of these animals as a source
of human G. duodenalis infections and determine the epidemiology of bovine giardiasis in
India, fecal samples from 180 calves, heifers and adults and 51 dairy farm workers on two
dairy farms in West Bengal, India were genotyped by PCR-RFLP analysis of the B-giardin
Keywords: gene of G. duodenalis follgvyed by DNA sequencing of the ne;ted ECR prpducts. The overall
Ciardia duodenalis prevalence of G. duodenalis in cattle was 12.2% (22/180), the infection being more prevalent
Cattle inyounger calves than in adult cattle. Zoonotic G. duodenalis Assernblage A1 was identified
Dairy farm workers in both calves and workers although the most prevalent genotype detected in cattle was
Zoonoses a novel Assemblage E subgenotype. These findings clearly suggest that there is a potential
India risk of zoonotic transmission of G. duodenalis infections between cattle and humans on
Genotyping dairy farms in India.

© 2011 Elsevier B.V. All rights reserved.

1. Introduction

Protozoan parasites of the genus Giardia have a world-
wide distribution and are emerging as one of the most
frequent causes of diarrhoea in humans in both the devel-
oping and developed world. Giardiasis causes diarrhoea
and nutritional deficiencies in children less than 10 years
of age with the highest prevalence in developing coun-
tries (Islam, 1990). In addition to humans, they infect a
wide variety of domestic and wild animals having emerged
as important parasites of dairy cattle because of their

* Nucleotide sequence data reported in this paper are available in the
GenBank™ database under the following accession numbers: GQ290390,
GQ345009 and GQ345010.

* Corresponding author. Tel.: +91 33 23633855; fax: +91 33 23632398.
E-mail address: sandipanganguly@hotmail.com (S. Ganguly).

0304-4017/$ - see front matter © 2011 Elsevier B.V. All rights reserved.
doi:10.1016/j.vetpar.2011.01.029

proven pathogenicity (Xiao et al., 1993; Ruest et al., 1997;
O'Handley et al., 1999), and the potential public health sig-
nificance of zoonotic transmission (Buret et al,, 1990; Ey
et al,, 1997; Olson et al.,, 2004). Giardia duodendlis (syn
G. intestinalis, G. lamblia) has been implicated as an etio-
logical agent in dairy and beef calf diarrhoea, worldwide
(O'Handley et al,, 1999; Huetink et al,, 2001; Olson et al.,
2004). In fact, reduced rate of weight gain, impaired feed
efficiency and decreased carcass weight were associated
with giardiasis in a ruminant model of the disease (Olson
et al., 1995).

G. duodenalis is the only species found in humans,
although it is also found in other mammals (Thompson
et al., 2000). Substantial evidence suggests G. duodenalis
to be a species complex comprised of morphologically
indistinguishable isolates which can genetically be differ-
entiated into several major assemblages: Assemblages A
and B mainly infect humans but are also found in a wide

—267—



S.M. Khan et al. / Veterinary Parasitology 178 (2011) 342-345 343

range of other mammals; C and D have been found in dogs;
E has been isolated from livestock (cattle, sheep, and pigs);
F and G have been reported from felines and rats, respec-
tively (Monis et al., 2003). More recently, Assemblage H has
been detected in marine vertebrates (Lasek-Nesselquist
et al,, 2010). Recent studies throughout the world have
demonstrated that calves in dairy and beef herds may
harbour more than one genotype of G. duodenalis (Trout
et al., 2004, 2005; Itagaki et al., 2005; Lalle et al.,, 2005;
Mendonca et al., 2007; Langkjaer et al., 2007; Winkworth
et al., 2008). However, although the World Health Orga-
nization has considered G. duodenalis to have a zoonotic
potential for around 30 years (WHO, 1979), direct evidence
has been lacking.

A significant prevalence of Giardia isolates has been
earlier reported in Indian dairy cattle based on micro-
scopic findings (Deshpande and Shastri, 1981). However,
surprisingly, there have been no prior molecular char-
acterization studies of Giardia in Indian cattle although
extensive molecular epidemiological studies have been
carried out in a number of countries. There is also lack of
data required for the assessment of zoonotic transmission
of G. duodenalis between cattle and humans in India. Conse-
quently, this study was conducted to understand the public
health significance of this parasite from cattle and get a
clearer epidemiological picture, with much information on
the zoonotic potential and transmission mechanisms for
humans.

2. Materials and methods
2.1. Collection of fecal samples

Bovine fecal samples used in this study were collected
from 180 dairy cattle including 40 pre-weaned calves (0-2
months old), 72 post-weaned calves (3-12 months old) and
68 heifers and adults (>12 months) with and without diar-
rhoea from two dairy farms: the Harringhata Cattle Farm,
Nadia and Ramakrishna Mission Dairy Farm, Narendrapur,
24 Parganas (N), West Bengal, India from October 2008 to
August 2009. In addition to these, stool samples were also
collected from 51 dairy farm workers of these two farms
who were in direct or indirect contact with these animals
but showed no visible clinical signs of giardiasis.

2.2. Parasite detection

Microscopic examination was performed on all
fecal samples within 48h after collection. lodine wet
mount staining and Trichrome staining were per-
formed for the detection of trophozoites and cysts
of Giardia according to the Centers for Disease Con-
trol and Prevention (CDC) method (http://www.dpd.
cde.gov/dpdx/HTML/DiagnosticProcedures.htm). For
microscopic screening, parasite cysts and oocysts present
in fecal samples were concentrated using a FPC® Fecal
Parasite Concentrator (Evergreen Scientific, Los Angeles,
CA, USA). Antigen capture Enzyme Linked Immunosorbent
Assay (ELISA) was also performed with all the frozen
samples for detection of Giardia using a commercially
available kit GIARDIA II (TECHLAB, Blacksburg, VA, USA).

2.3. DNA extraction

Genomic DNA was extracted from frozen samples from
individuals that were positive by microscopy and ELISA
using the QIAamp DNA Stool Mini Kit (QIAGEN, Valencia,
CA, USA). The eluted DNA was quantified spectrophotomet-
rically and stored at ~20°C for further PCR studies.

2.4. Nested PCR analysis

For the detection of DNA of Giardia, amplification of
a fragment of the [(-giardin gene was performed using
primers described by Caccio et al. (2002) and Lalle et al.
(2005). A 753 bp fragment was amplified in the primary
PCR using the forward primer G7 and reverse primer G759.
In the secondary PCRa 511 bp fragment was amplified. PCR
mixtures and cycling conditions were identical to those
previously described (Lalle et al., 2005) except that the
primary PCR mixture also contained non-acetylated BSA
(New England Biolabs, Beverly, MA, USA) to a final concen-
tration of 0.1 ug/ul. Ultrapure water was used as negative
control. All PCR products were analyzed by 1.5% agarose
gel electrophoresis and visualised after ethidium bromide
staining.

2.5. Restriction fragment length polymorphism (RFLP)
analysis

Secondary PCR products were purified using the High
Pure PCR product purification kit (Roche Diagnostics,
Mannheim, Germany). The restriction analysis was per-
formed as described before (Lalle et al., 2005). Briefly, 10 ul
of the nested PCR products of the B-giardin gene were
digested with 10 units of restriction endonuclease Haelll
(New England Biolabs)and 2 pl of 10 bufferin a total vol-
ume of 20 ul, at 37°C for 3h. Restriction products were
fractionated on a 2% agarose gel and visualised after ethid-
ium bromide staining.

2.6. DNA sequencing

In order to determine G. duodenalis subgenotypes and
to confirm the PCR-RFLP results, all purified secondary
PCR products that were positive for Giardia were directly
sequenced in both directions using an ABI PRISM 3100
genetic analyzer (Applied Biosystems, Foster City, CA, USA)
with forward and reverse primers. Sequences obtained
were analyzed and assembled using CLUSTAL W software
(Higgins et al.,, 1994). The obtained nucleotide sequences
were used to search the GenBank nucleotide sequence
database for sequence similarities using BLAST software
(NCBI, Bethesda, MD, USA). Multiple alignments of these
sequences were made using the BioEdit program (Hall,
1999).

3. Results

The overall prevalence of Giardia in cattle was 12.2%
(22/180, Table 1); 27.5% (11/40) pre-weaned calves, 12.5%
(9/72) post-weaned calves and 2.9% (2/68) heifers and
adults were positive for Giardia by both microscopy and
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Table 1

Detection of different genotypes of Giardia duodenalis by PCR-RFLP of the
B-giardin gene in fecal samples collected from different age groups of
dairy cattle and dairy farm workers.

Source Sample size Giardia duodenalis

A B E A+E
Pre-weaned calves 40 3 0 7 1
Post-weaned calves 72 2 0 5 2
Heifers and adult cattle 68 0 0 2 0
Dairy farm workers 51 6 8 0 0

ELISA. Among dairy farm workers, Giardia was present
in 27.4% (14/51) of the screened samples. Successful PCR
amplification of the Giardia B-giardin gene was accom-
plished for all the samples positive by microscopy and
ELISA.

3.1. Genotyping and phylogenetic analysis of giardia

Among cattle, PCR-RFLP results identified G. duodenalis
Assemblage E as the most prevalent genotype although a
substantial number of the isolates from dairy calves were
found to be Assemblage A (Table 1). Interestingly, Giar-
dia isolates from one pre-weaned and two post-weaned
calves produced four visible bands (201, 186, 150 and
110bp) upon restriction digestion of the B-giardin nested
PCR products by Haelll (Fig. 1). This result suggests that
there was a mixed G. duodenalis Assemblage A and E infec-
tion in these calves since RFLP analysis of Assemblage A
would have produced three visible bands (201, 150 and
110bp) while Assemblage E would have generated three
bands visible at 186, 150 and 110 bp, upon restriction anal-
ysis by Haelll (Lalle et al., 2005). DNA sequencing of most
Assemblage E positive PCR products (10/14) showed a mis-
match of two base pairs with the reference sequences for
subtypes E1 (GenBank accession no. AY072729), E2 (Gen-

200 bp
200 bp '

Fig. 1. Genotyping of Giardia isolates by RFLP analysis based on digestion
of B-giardin gene PCR products by Haelll. Lanes 1 and 5: 100bp plus DNA
ladders, lane 2: Assemblage E, lane 3: mixed Assemblage A and E, lane 4:
Assemblage A (bovine source), lane 6: Assemblage A (human source) and
lane 7: Assemblage B.

Table 2

Giardia duodenalis Assemblages A, B and E subtypes identified in dairy
cattle and dairy farm workers by DNA sequencing of the §-giardin gene.

Host assemblage Cattle Human
A E A B
Subtype Al=52 En=10° Al=4 Bl=1
A+E=3b E1=3 A2=2 B3=6
E2=1 B4=1

2 Number refers to the isolates detected.
b Subtypes could not be determined.
¢ En refers to the novel subtype detected.

Bank accession no. AY545650) and E3 (GenBank accession
no.AY653159), the mismatches being at two different posi-
tions for each subtype. However, E1 and E2 were also
detected in a few samples (Table 2). Additionally, all the
Assemblage A positive isolates in cattle were identified as
subtype A1 by DNA sequencing of nested PCR products of
the B-giardin gene.

G. duodenalis Assemblage B (57.1%, 8/14) was more
prevalent than Assemblage A (42.9%, 6/14) in dairy farm
workers (Table 1). DNA sequencing of the nested PCR
products identified A1 and B3 as the dominant subtypes
although a number of other subtypes were also found in
a few samples (Table 2). Assemblage A1 found in humans
and cattle showed a 100% homology with each other.

3.2. Nucleotide sequence accession numbers

Representatives for genotypes of G. duodenalis iden-
tified in this study have been submitted to GenBank
under the accession numbers: GQ290390, GQ345009 and
GQ345010.

4. Discussion

The present study represents the first report on the
molecular characterization of G, duodenalis in Indian cat-
tle. Overall, Giardia was detected in 12.2% (22/180) of
the bovine fecal samples screened by microscopy, ELISA
and PCR studies. The relatively higher prevalence of Gia-
rdia infection found in a previous study in Indian cattle
(Deshpande and Shastri, 1981) can be explained by the
fact that only calves were sampled in that study whereas
both calves and adult cattle were screened for Giardia in
the current study. Further, results from the present study
indicate that infections by G. duodenalis are more prevalent
in calves than in adult cattle, which agrees with previous
reports (Huetink et al,, 2001; Olson et al., 2004; Mendonca
et al., 2007). A significant number of Assemblage E iso-
lates detected in calves and adult cattle were shown to be
genetically different from all the previous known Assem-
blage E subtypes namely E1, E2 and E3 (Lalle et al., 2005).
This result suggests a novel subgenotype of G. duodenalis
Assemblage E in Indian cattle. As expected, this livestock-
specific assemblage was found more frequently in cattle
sampled in this study, although the most common zoonotic
genotype Assemblage A (Thompson et al., 2000) was also
identified in a number of calves. Similar observations have
been reported in previous studies from across the globe

—269—



