Utaaker et al. Acta Vet Scand (2017) 59:86
https://doi.org/10.1186/513028-017-0354-4

Acta Veterinaria Scandinavica

RESEARCH Open Access

Goats in the city: prevalence of Giardia

@ CrossMark

duodenalis and Cryptosporidium spp.
in extensively reared goats in northern India

Kjersti Selstad Utaaker'’, Nina Myhr', Rajinder Singh Bajwa?, Himanshu Joshi®, Anil Kumar®

and Lucy J. Robertson'

Abstract

zoonotic and anthroponotic infections will occur.

Assemblage B (32%)].

Z00Nosis

Background: Various characteristics of goats mean they are highly suitable livestock for backyard rearing by peo-
ple with limited resources. They are a popular livestock choice in India, where they are often kept to supplement an
already scarce income. In these settings, hygiene and sanitation standards tend to be low, and weakens the interface
between humans and animals, thus reducing the barrier between them and thereby increasing the likelihood that

Results: This study reports an investigation of the occurrence of Cryptosporidium spp. and Giardia duodenalis in
goats being reared in different settings in urban and peri-urban areas in northern India, and addressed the zoonotic
potential of these important protozoan parasites shed from goats living close to humans. The overall prevalence of G.
duodenalis was 33.8 and 0.5% for Cryptosporidium spp.; the relatively low prevalence of cryptosporidiosis may reflect
that most samples were derived from adult animals. The prevalence of G. duodenalis excretion was found to be similar
to that reported in other studies. However, although other studies have reported a predominance of non-zoonotic
Assemblage E in goats, in this study potentially zoonotic Assemblages predominated [Assemblage A (36%) and

Conclusions: The results of this study indicate that in this area where goats and humans are living in close proximity,
there may be sharing of intestinal parasites, which can be detrimental for both host species.
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Background

The potential for transmission of zoonotic agents
between humans and animals is amplified when they
live in close proximity and the hygienic setting is poor.
Backyard livestock are often relied upon to provide extra
income or food. Goats are highly suitable for backyard
rearing for people with limited resources, as their graz-
ing preferences enable them to feed on plants that other
domestic animals refuse, their small size require less
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space than larger animals, and they are cheaper to buy
and maintain [1]. Unlike sheep, goats have a high capac-
ity for adapting to extreme climatic conditions, and are
therefore particularly valuable in arid and semi-arid
regions. Although sheep are more common than goats on
a global scale, in India the goat population is more than
double the sheep population, being 154 million goats and
63 million sheep in 2014 [2, 3].

Cryptosporidium spp. and Giardia duodenalis are
among the most common enteric parasites of domes-
tic animals, humans and wildlife [4]. They are two of
the most common aetiological agents of paediatric diar-
rhoea in low-income countries, and are associated with
elevated mortality as well as morbidity in this age group
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[5, 6]. Given the high prevalence of giardiosis and crypto-
sporidiosis in people living in underdeveloped communi-
ties, these diseases were included in the WHO “neglected
disease initiative” in 2004 [7].

Studies from India have shown that human giardiosis is
prevalent throughout the country, with prevalence rates
from northern India ranging from 5.5 to 70%, with high-
est rates in low socioeconomic groups in Chandigarh [8].
Giardiosis has a significant public health impact and the
potential effect of G. duodenalis on growth and cognitive
functions of children, particularly in low-income coun-
tries, where people are exposed to other insults to their
health, is particularly important [9]. G. duodenalis is also
a common infection in animals, and is sometimes asso-
ciated with disease [10-12]. Some G. duodenalis Assem-
blages are apparently host-specific, while others are less
so [13]. In northern India, one survey of human infec-
tions reported Assemblage B to be most common, which
is usually associated with anthroponotic transmission
[14]. Studies on G. duodenalis infections in goats are rela-
tively rare, but a review from 2009 suggested a prevalence
of around 20%, with most genotyped isolates from goats
being genotype E, which is not zoonotic [15].

Cryptosporidiosis can be caused by several species and
genotypes of Cryptosporidium [16]. In humans, C. homi-
nis and C. parvum are the aetiological agents responsi-
ble for most infections [17]; C. hominis largely infects
humans whereas zoonotic C. parvum primarily infects
ruminants and humans. Cryptosporidium spp. preva-
lences reported in India range from 3.8% in patients in
northern India, with the majority of infections attributed
to C. hominis [18], to 39.7% in rural populations in south-
ern India [19]. Again, studies on this parasite in goats are
not very common, but a review estimated an approxi-
mate global prevalence of around 15% [15].

However, few studies have investigated the prevalence
of these infections in locations where the potential for
transmission between goats and their owners is great-
est, and where they are most likely to exert the greatest
impact on each other [15, 20].

The aim of this study was to determine the prevalence
and zoonotic potential of Cryptosporidium spp. and G.
duodenalis in small-scale goat farms and backyard live-
stock goats in urban and peri-urban areas in northern
India.

Methods

Sampling

In February 2016, a total of 207 faecal samples from 207
individual goats held in 16 separate goat holdings in
Chandigarh, Punjab, and Haryana were collected. The
samples were collected from both urban “village” areas in
Chandigarh, and peri-urban villages in the neighbouring
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states of Punjab and Haryana. These goats were mainly
kept for meat production. The goats were housed in
and around human settlements, either in a simple shed
adjoining their owners’ home or in a pen actually under
the same roof as their owners. The goats were taken out
during daytime for grazing in the nearby environment.
The hygiene status was fair in most of the pens, and
manure was cleaned out at least once a day. The goats
were mainly tended by the families, particularly women
and children, which owned them.

Singha Devi, Jayenti and Kurali are small peri-urban
towns and villages located in the S.A.S Nagar district in
the state Punjab, and Saketri is a peri-urban village in the
Panchkula district of the Haryana state. The city Chandi-
garh has a population of about one million, with almost
all of its inhabitants living in urban areas. The population
density in S.A.S Nagar and Haryana is approximately ten
times lower than in Chandigarh [21], and S.A.S Nagar
and Panchkula have an approximately ten times higher
goat livestock than Chandigarh [22-24].

The city Chandigarh has a population of about one
million, with almost all of its inhabitants living in urban
areas. Kansal and Maloya are so-called non-sectorial vil-
lages associated with the city, but with poorer infrastruc-
ture and lower socioeconomic levels compared with the
city itself [25]. Sector 38 West is the location of the slum
colony Rajiv. Slum settlements have grown in the past
decades in Chandigarh, especially in the periphery of
the city, where poor families tend to settle due to cheap
housing. It was in these areas that goats were kept. The
goat population of Chandigarh has been estimated to be
805 [24].

Goat owners in these areas were contacted by visits
and those agreeing to contribute samples were included
in the study. The goats kept in this area are mainly of the
Beetal breed, and the number of animals ranged from
2 to 29 from the 16 herds included. The samples were
obtained from flocks in which the majority of animals
were adults, as based on body size and weight estimation
of the animals. The faecal samples were firm and pelleted,
and there were no signs of diarrhoea. The samples (each
approximately 5-10 g) were collected either rectally
or non-invasively promptly after defecation, and were
immediately mixed with 2.5% potassium dichromate and
stored at 4 °C before shipping to the Parasitology Labora-
tory, Norwegian University of Life Sciences (NMBU) for
analysis. The ages of the goats were not recorded, but the
majority were adults (Fig. 1).

Analysis of goat faeces for Cryptosporidium spp. oocysts
and G. duodenalis cysts

The samples were analysed by immunofluorescent anti-
body (IFAT) staining for the presence of G. duodenalis
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Fig. 1 Areas where samples were collected
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cysts and/or Cryptosporidium spp. oocysts, either in
direct faecal smears or following immunomagnetic sepa-
ration (IMS). This method comparison was conducted in
order to determine whether one method was more sensi-
tive than the other, and the more sensitive method would
be used for the remaining samples.

Immunomagnetic separation before IFAT analysis

All faecal samples (n = 207) were washed with phosphate
buffered saline, and then passed through a faecal parasite
concentrator with a pore diameter 425 pm (Midi Par-
asep, Apacor, Berkshire, UK) and centrifuged to create
a pellet. G. duodenalis cysts and Cryptosporidium spp.
oocysts were isolated from 200 pL of concentrated fae-
ces using an in-house immunomagnetic separation
method (IMS) using Dynabeads®(GC-Combo, Life Tech-
nologies, Carlsbad, CA) [26, 27]; 10 uL anti-G. duodena-
lis beads, 10 pL anti-Cryptosporidium spp. beads, 80 pL
Sur-Modics StabilZyme®, 20 uL SL Buffer B and 100 pL
Buffer Q4 were used to generate 55 pL of purified sam-
ple from approximately 200 mg of the faecal pellet. 5 pL
of the resulting purified sample was dried and fixed with
methanol to multispot welled slides for detection of
G. duodenalis cysts and Cryptosporidium spp. oocysts
using a Cryptosporidium/Giardia direct IFAT; Aqua-
Glo, Waterborne Inc., New Orleans), in accordance with

manufacturer’s instructions. Prior to being screened,
samples were also stained with 4’6 diamidino-2-phe-
nylindole (DAPI), a non-specific fluorescent stain that
binds to double-stranded DNA.

Faecal smear preparation before IFAT analysis
Homogenized and sieved faecal material (5-20 pL) from
40 randomly selected samples were placed on a micro-
scope slide using plastic bacteriological loops that take
approx. 10 pL amount of sample. The samples were left
to dry and then fixed with methanol before staining
with 15 pL of monoclonal antibody and incubation as
described for IMS. DAPI staining was not used in this
preparation due to the amount of other DNA from other
debris in faecal smears.

After fixing and staining, preparations from both fae-
cal smears and IMS were screened under a fluorescent
microscope with the following filter settings: FITC:
emission-490 nm, excitation-525 nm and DAPI: emis-
sion-350 nm, excitation-470 nm.

The number of cysts/oocysts per field of view at objec-
tive x 20 were enumerated and samples were graded
according to Table 1. For samples in which IMS was used
prior to IFAT, the number of cysts/oocysts in the final
concentrate were enumerated, and the data used to esti-
mate the number of cysts/oocysts per gram faeces.
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Table 1 Grading of Giardia duodenalis cyst and Crypto-
sporidium spp. oocyst counts visualized using immunoflu-
orescent microscopy

Oocyst/cyst count Grading
1-9 +
10-50 ++
51-100 +4++

> 100 ++++

Molecular methods

DNA extraction

The contents of each microcentrifuge tube containing
Cryptosporidium spp. oocysts and G. duodenalis cysts
were re-suspended in Tris—EDTA buffer and held at
100 °C for Cryptosporidium spp. oocysts and 90 °C for
G. duodenalis cysts for 1 h, before the DNA was isolated
using Qlamp DNA mini kit (Qiagen GmbH), using an
overnight step at 56 °C.

PCR, electrophoresis, purification of PCR product,

and sequencing

Samples that were DAPI-positive were selected for geno-
typing and polymerase chain reaction (PCR) analysis,
regardless of number of (0o)cysts.

Four genes were used for genotyping investigations of
the G. duodenalis DAPI-positive samples by conventional
PCR; the B-giardin gene, the glutamate dehydrogenase
(gdh) gene, the triosephosphate isomerase (¢pi) gene, and
the small subunit ribosomal RNA (SSU RNA) gene. For
the sample with Cryptosporidium spp. oocysts, primers
targeting sections of the genes SSU rRNA, COWP, and
Actin were used, also by conventional PCR. The primers
and reaction cycles are further described in Additional
file 1.

For all genes, the following PCR mixture was used:
10 pmol of each primer (1 pL), 0.4 uL of bovine serum
albumin (20 mg/mL), 5.8 pL of water, 25 pL of HotStart-
Taqmaster (QIAGEN® GmbH, Germany), and 2 pL of
template. For each set of reactions, a negative control (2
pL water) and a positive control (2 pL DNA from G. duo-
denalis H3 isolate belonging to assemblage B, Water-
borne Inc., New Orleans, USA, or C. parvum oocysts,
with species identification by Hensvall and Robertson
[28]) were included, and the total volume of each reac-
tion was 25 pL.

PCR products were electrophoresed on 1% agarose gels
and stained with SYBRsafe® DNA gel stain under UV
radiation. Positive samples were purified using ROCHE®
high pure PCR product purification kit, and purified
products were sent along with appropriate primers for
sequencing on both strands at GATC Biotech, Germany.
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Sequences were examined using Geneious 10.1.2 soft-
ware and sequence comparisons conducted using NCBI
BLAST.

Sequences were submitted to GenBank and the Acces-
sion numbers are provided in the results.

Statistics

The two preparation methods, IMS and smear before
IFAT, were analysed using 40 randomly selected samples
and compared using Fisher’s exact test (GraphPad Soft-
ware, Inc.), based on categorical data in a two-by-two
contingency table.

For comparison of G. duodenalis prevalence accord-
ing to location (urban/peri-urban), Chi square test was
used (MediCalc Software bvba). Similar comparisons for
Cryptosporidium spp. were not conducted, due to low
prevalence.

Results

Comparison of faecal smears and IMS for detection of cysts
A comparison of the two faecal examination methods is
shown in Table 2. IMS prior to IFAT staining detected
significantly more positive samples than preparing a fae-
cal smear before staining (P < 0.001; Table 2).

Prevalence of Cryptosporidium spp. and Giardia duodenalis
Examination of the faecal samples using the IMS and
IFAT protocol revealed the presence of G. duodenalis
cysts in 33.8% (70/207) of samples and Cryptosporidium
spp. in 0.5% of samples (Table 3). All samples that were
smear-positive were also positive when IMS was used
prior to staining.

The prevalence in the urban and peri-urban areas was
30.5% (32/105) and 37.3% (38/102), respectively. These
proportions were not statistically different (P > 0.05).

Intensity of shedding of Cryptosporidium spp. and Giardia
duodenalis

Of the G. duodenalis-positive samples, most (75%) had a
low to moderate (+ and ++) number of cysts, and 25%
had a high number of cysts (+++ and ++++) (Table 4).
From 55 to over 55,000 cysts per gram faeces (Mean:
8671, Median: 275) were found.

Table 2 Contingency table, results of Fisher’s exact test

Smear Total
Positive Negative
IMS
Positive 12 13 25
Negative 0 15 15
Total 12 28 n =40
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Table 3 Overall prevalence of Giardia duodenalis
and Cryptosporidium spp. in goats according to area
of sampling

Place No of goats  Giardia Cryptosporidium
sampled positive  positive
Chandigarh (urban)
Kansal (3 herds) 71 13 -
Sector 38 west (5 herds) 30 18 -
Maloya (1 herd) 4 1 -
Summary urban 105 32
samples
Punjab (peri-urban)
Jayenti (3 herds) 29 9 -
Singha Devi (1 herd) 10 1 1
Kurali (1 herd) 20 10 -
Haryana (peri-urban)
Saketri (2 herds) 43 18 -
Summary peri-urban 102 38
samples
Total 207 70 1

- not detected

Table 4 Intensity of infection from positive samples
and sampling area according to immunomagnetic separa-
tion results

Intensity of infection G+ G++ G+++ GH++++  C++
Chandigarh
Kansal 10 - - -
Sector 38 west 8 2 1 8 -
Maloya 1 - - - _
Punjab
Jayenti 6 3 - _ _
Singha Devi 1 - - - ]
Kurali 5 - - g _
Haryana
Saketri 9 6 - 4 _
Total 40 13 1 17 1

- not detected

The Cryptosporidium spp.-positive samples had mod-
erate (++) oocyst excretion (Table 4).

Molecular analyses
The PCR at different genetic loci had the following sen-
sitivities: SSU 50% (26/52), Beta-giardin 1.9% (1/52), TPI
5.7% (3/52), and GDH 9.6% (5/52).

PCR and sequencing on the single Cryptosporidium
spp.-positive sample revealed C. ubiquitum (GenBank
Accession number: MF124820).
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An overview of the G. duodenalis genotyping results
is provided in Table 5. Based on all the results combined
from the different PCR, the majority (68%) of G. duode-
nalis Assemblages identified were potentially zoonotic (A
or B), with 10 out of 28 (36%) genotyped samples Assem-
blage A, 9 (32%) Assemblage B, 8 (29%) Assemblage E,
1 and one (4%) Assemblage D. One of the samples was
sequenced to be Assemblage E at the GDH gene, and
Assemblage C at the SSU gene.

Discussion

The main finding of this cross-sectional survey was that
although the prevalence of Cryptosporidium spp. infec-
tion was low in the samples analysed, the prevalence of
infection with G. duodenalis was relatively high, and with
a preponderance of potentially zoonotic Assemblages.
This indicates that goats may be both a reservoir of G.
duodenalis for human infection, and also may themselves
be infected by this parasite excreted from humans.

Reported prevalences for both G. duodenalis and
Cryptosporidium spp. Infection in goats around the
globe tend to vary considerably, from 12.3 to 42.2% for
G. duodenalis infection and from 4.8 to 33.6% for infec-
tion with Cryptosporidium spp. [29-37]. This might not
only reflect the prevalence of infection, but could also be
due to variation in the sensitivities of the diagnostic tests
used, the age of the goat, and whether only a single or
consecutive sample(s) was taken, given the intermittent
shedding of G. duodenalis cysts, and the acute nature of
cryptosporidiosis. The low prevalence of infection with
Cryptosporidium spp. in our study probably reflects that
most samples were derived from adult animals; although
some species of Cryptosporidium (C. xiaoi and C. ubiqui-
tum) tend to be associated with slightly older age groups
of goats, in general Cryptosporidium spp. are recognized
to primarily infect goat kids, due to the development of
immunity [38].

When determining whether G. duodenalis and Crypto-
sporidium spp. infections in animals may be of relevance
in a public health context, identifying the species and
genotypes involved is imperative.

The SSU rRNA marker, which had the highest sensitiv-
ity in this study, is commonly used for assemblage dif-
ferentiation of G. duodenalis assemblages, but might be
insufficient for confident identification of the assemblage
due to low levels of phylogenetic resolution, perhaps
related to its multi-copy nature [39].

Finding G. duodenalis from Assemblage B in goats is
rather unusual compared with other studies; a review
from 2009 reports that Assemblage E is most frequently
reported—with potentially zoonotic infection, particu-
larly with Assemblage B, occurring relatively rarely [15].
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Table 5 Results from sequencing and analysis of positive polymerase chain reaction products. Giardia assemblages are
noted with capital letter before semicolon preceding GenBank Accession number

Area Sample no No. of cysts isolated DAPI (%) GDH¢ TPId Bg® ssuf
by IMS?
Chandigarh
Kansal 1 10 100 - - - B; MF069062
2 220 30 - - - E; MF069058
3 10 100 - - - A, MF069057
4 20 100 - - - B; MF069047
5 100 40 - - - A; MF069052
6 10 100 - - - A, MF069051
Sector 38 west
7 1000 70 E; MF084938 - - C, MF069071
8 10,000 5 E; MF084935 - - E; MF069070
10 100 - - - A; MF069056
10 10,000 90 - - - E; MF069059
M 100 60 - - - D; MF069055
Punjab
Singha Devi
12 30 67 - - - A; MF069054
Kurali
13 10,000 90 E; MF084936 E; MF095054 E; MF106203 E; MF069072
14 10,000 70 E; MF084934 E; MF095052 - -
15 10,000 80 - B; MF095053 - B, MF069053
16 20 100 - - - B; MF069066
17 20 50 - - - B; MF069064
Jayenti
18 10 100 - - - B; MF069060
Haryana
Saketri
19 100 10 E; MF084937 - - -
20 50 60 - - - B; MF069050
21 30 30 - - - A; MF069068
22 100 40 - - - A; MF069067
23 1000 90 - - - E; MF069065
24 40 25 - - - B; MF069063
25 20 50 - - - B; MF069061
26 120 33 - - - A, MF069069
27 500 44 - - - A; MF069049
28 160 87 - - - A, MF069048

PCR conditions and reaction times can be found in Additional file 1
- no amplification

TPI triosephosphate isomerase; GDH glutamate dehydrogenase; BG beta giardin; SSU small subunit; rRNA; — PCR Negative; Assemblage (GenBank Accession number)
where sequence of PCR products was obtained

@ Number of Giardia cysts used for DNA isolation

b proportion of DAPI positive Giardia cysts used for DNA isolation
¢ Additional file 1; Ref. [4]

4 Additional file 1; Ref. [3]

¢ Additional file 1; Ref. [7]

f Additional file 1; Ref. [1, 2]
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The difference between our study and most other stud-
ies is the close contact between the goats being sampled
and the human-environment in our study. The proxim-
ity of humans and goats in our study area, along with the
supporting evidence for molecular results, might suggest
zoonotic/anthropozoonotic spread of the parasite in such
situations.

One sample was sequenced as assemblage D, which is
a canid-specific genotype. As this sample had low num-
bers of cysts it seems likely that this represents carriage
from the goat ingesting cysts from dog faeces and then
excreting them, rather than infection. This may also be
the case where Assemblage E was indicated from PCR
at one gene, and Assemblage C at another. Whether this
may apply to other samples cannot be determined.

The grazing habits of goats, generally browsing on
woody shrubs and weeds rather than grazing grass may
indicate that they are less likely to ingest parasites [15].
However, in urban or peri-urban settings where shrubs
are scant, they will be forced to search for nutrients
closer to the ground, thus being more likely to ingest G.
duodenalis cyst or Cryptosporidium spp. oocysts con-
taminating the environment.

One sample contained Cryptosporidium ubiquitum;
this species has been found in a wide range of animals
as well as humans [40], and thus represents zoonotic
and anthroponotic potential, especially in the setting of
a shared household between goats and humans in lower
socioeconomic areas. A vast amount of epidemiologi-
cal data demonstrates strong links between contact with
infected livestock and human infections [4]; as most of
the goats in our study were living close to humans, often
sharing the same household, sharing of intestinal para-
sites would not be very surprising.

There was no significant difference between the sam-
ples collected in urban and peri-urban areas, and the
genotyping results showed an even spread of the G.
duodenalis genotypes in the given areas. This was unex-
pected, as we had hypothesised that goats in urban areas
might be more exposed to human genotypes than the
peri-urban flocks.

However, contamination of the environment by human
faeces is common everywhere, and in the urban setting
people may be more likely to use a latrine for defeca-
tion than in peri-urban areas, where open defecation is
known to be common.

Although using IMS for analysis of faecal samples is
more time-consuming and expensive our results indicate
that it was more sensitive; this is presumably due to the
larger quantity of faecal matter than can be analysed and
also, perhaps, due to less debris in the sample. In cleaner
samples, it is also easier to determine the suitability of the
sample for molecular analyses based on DAPI-staining
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due to there being lower background fluorescence. This
method could be a useful tool for other field studies
where it is only possible to obtain a single sample per
animal, not the three consecutive ones which are rec-
ommended due to the intermittent shedding of cysts to
obtain a more certain answer of the true prevalence.

Infected livestock have long been suggested as sources
for contaminating food and water in outbreaks, but
molecular analyses has often incriminated human efflu-
ent as the source [4]. Nonetheless, as an adult goat pro-
duces between 1 and 3 kg of faeces on a daily basis, it is
clear that the potential for environmental contamination
is considerable [15], especially when the animals are kept
on a free-range basis in a community where the overall
density is high. The common characteristics of G. duo-
denalis and Cryptosporidium spp., having a low infec-
tious dose, (0oo)cysts being infective immediately after
excretion, and their robustness enabling them to survive
for months in the environment [40], are epidemiologi-
cal traits well-suited for causing infectious foci in places
with high population densities and extensive animal
husbandry.

In addition, a serious constraint to economical and
intensive goat production is the mortality of kids as
a result of diarrhoea up to the age of 3 months [3], and
among the pathogens causing the diarrhoea, Crypto-
sporidium spp. is principally involved [36, 41]. G. duo-
denalis infection in ruminants is, on the other hand,
often asymptomatic, but may also be associated with the
occurrence of diarrhoea and ill-thrift [42], which may
lead to economic losses as well as reduced welfare of the
flock.

Conclusions

Goats were frequently found to harbour zoonotic geno-
types of G. duodenalis. Previous studies have found G.
duodenalis infections in small ruminants to belong to
non-zoonotic assemblages, and thus goats have not pre-
viously been considered to be a reservoir of infection for
G. duodenalis in humans. Our results may reflect that in
this situation goats live in closer contact with their own-
ers than in the majority of other published studies. As
keeping goats in low-income countries is often a trade for
the poorest in society, the awareness of One Health for
one household through proper hygienic routines and ani-
mal management could be of benefit for both human and
animal health, as well as improving both the economy
and husbandry of the goat keepers and their herds.

Additional file

Additional file 1: Table S1. Polymerase chain reaction conditions for
detection of Giardia and Cryptosporidium.
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