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Summary

Goat is one of the major livestock species, which play an important role in the economy
of Bangladesh. However, outbreak of different infectious diseases in goats causes high
mortality and economic losses due to lack of proper diagnosis and treatment.
Conventional culture based methods for detecting pathogens are time consuming and
laborious in compare to multiplex Polymerase Chain Reaction (mPCR), by which
multiple pathogens can be detected at a time. The present study was aimed to perform
faster molecular identification of multiple bacterial pathogens from whole blood of
clinically infected goats. A total of 200 blood samples were collected from the goats that
have fever and/or diarrhea at S. A. Quaderi Teaching Veterinary Hospital (SAQTVH) in
Chittagong Veterinary and Animal Sciences University (CVASU) for the period of July-
April 2017-2018. DNA was extracted and subsequently mPCR assay was performed for
the screening of several bacterial pathogens (Salmonella spp., Listeria monocytogenes,
Bacillus cereus, Yersinia enterocolitica, Campylobacter jejuni, Campylobacter coli,
Clostridium perfringens, Vibrio cholerae, and Staphylococcus aureus). An antimicrobial
susceptibility test (AST) against 10 antimicrobials for positive samples of each organism
was conducted using the Kirby-Bauer Disc Diffusion Method on selective media.
Staphylococcus aureus, Clostridium perfringens, Listeria monocytogenes and Salmonella
spp. were detected from collected samples and their overall prevalence were 11.5%,
3.5%, 1% and 20.5%, respectively. Most common clinical signs were mild fever, nasal
discharge, dyspnea and coughing (39.1%) for Staphylococcus aureus, diarrhea,
convulsion, abdominal pain and incordination (57.1%) for Clostridium perfringens, fever,
protrusion of tongue and incordination (100%) for Listeria monocytogenes and fever,
anorexia, dehydration with mucus in stool (36.6%) for Salmonella spp infection in goats .
Antimicrobial diagram represents Staphylococcus aureus showed resistance against
Cefotaxime (74%), Cefixime (65%) and Tetracycline (65%) whereas highly sensitive
against Amoxicillin (48%), Ciprofloxacilin (44%) and Gentamycin (44%). On the other
hand Ampicillin (71%) and Gentamycin (71%) were highly resistant and Penicillin (57%)
and Cefotaxime (57%) were highly sensitive against Clostridium perfringens infection.

Penicillin  (100%) and Cefixime (100%) were found sensitive against Listeria

xi



monocytogenes infection in goats. Salmonella spp. showed resistance to Ampicillin
(78%) and Amoxicillin (59%) but sensitive to Ciprofloxacin (54%). This study may
explore frequent clinical signs and symptoms of some common infectious diseases in
goats and also determine the potential risk factors, measuring strength of association. In
conclusion, rapid diagnostic methods like multiplex PCR were effective for diagnosis of
multiple pathogens.

Key Words: Goat, Infectious disease, Multiplex PCR, Prevalence, AMR
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Chapter-1: Introduction

Livestock is one of the important sectors contributing the economy of Bangladesh. Total
livestock population of Bangladesh is composed of 30.33 million goats, 23.44 million
cattle, 14.54 million buffaloes and 3.17 million sheep (DLS, 2014). It is contributing
about 1.54% of overall Gross Domestic Products (GDP), as well as 13.62% of
agricultural GDP and 4.31% export earnings from leather and leather goods of total
export (MOFL, 2018). Livestock sub-sector provides full time employment for 20% and
part-time for 50% of the total population (Begum et al., 2011). This sector has huge

potential for private sector investment in rural areas.

Small ruminants especially goat is very important in rural economy and nutrition and
potentially using it as a tool for poverty reduction in Bangladesh. As far as known, goats
were probably the first domesticated animals (Ershaduzzaman et al., 2007). There are
about 300 breeds and varieties of goats domesticated in this subcontinent (Hirst, 2008).
The majority of goat varieties are found in the tropics and sub-tropics. In Bangladesh,
more than 90% of the total goat population are Black Bengal; remaining are Jamunapari
and their crosses (Amin et al., 2001). Goat is ideally suited for poor people who have no
ability to buy and rear large ruminants. As a result, goat husbandry is becoming an
attractive activity among the poor women (Choudhury et al., 2013) under traditional
scavenging system but still contributing to rural economy through income generation,
women empowerment and hence rightly treated as an effective tool for the reduction of
poverty. Goat is performing a variety of functions, displaying a unique ability to adapt
and maintain themselves in harsh environment, dwarf-size animal produce a variety of
products, mainly meat and skins, and contribute a major role in the national economy.
Goat ranks second in position in terms of meat, milk, and skin production, representing
about 28, 23, and 28 percent, respectively of total livestock in Bangladesh (Amin, 2000).
Among the sources of animal protein, the meat of goat (chevon) is popular in Bangladesh

irrespective to religion and caste (Islama et al., 2016).

However, different infectious diseases are the most important constraint to livestock

development in Bangladesh. The impacts of diseases are multifaceted: loss to the farmers



through mortality, reduction of productivity, cost for disease management including
treatment and sanitation, low quality of livestock products, disruption in the production
cycle, market effects, culling, etc. These constrants seriously affect the livelihood of the
poor farmers. Moreover, the climatic condition of Bangladesh is conducive to animal
diseases. High density of animals and their seasonal aggregation particularly in the
monsoon period aggravate the hazards. In goats, viral diseases like PPR, goat pox,
contagious ecthyma and viral pneumonia, and bacterial diseases such as enterotoxaemia,
tetanus, brucellosis, mastitis and metritis, mycotic diseases like ring worm infection, and
rickettial infections like conjunctivitis are common causes for goat mortality in rural
areas. Gastro-intestinal nematodiasis, fascioliasis and tape worm causes less mortality but
cause severe depression in the growth and reproduction rate (Kashem et al., 2012). But
the total disease complex is not clear, owing to the general lack of diagnostic and disease
recording services in DLS.

SAQTVH of CVASU is the only seat of clinical learning of veterinary practices under
close supervision of the concerned teaching staff members of the clinical departments. It
is a busy clinic providing a veterinary service for the farm and companion animals,
horses, poultry etc. While there are dedicated units like medicine, surgery,
theriogenology, orthopaedics etc. are playing an important role in public service as well
as animal welfare since 1996 (Parvez et al., 2014). Although diversified species and
breeds of animals are coming to get treatment but goats are dominating among them.
Among diseases, the highest prevalence was recorded as PPR (11.33%) and lowest was
Babesiosis (0.40%). Occurrence of upper respiratory tract infection, pneumonia &
diarrhea was recorded 8.74%, 5.61% and 5.36%, respectively in Chittagong (Nath et al.,
2014).

For the diagnosis of diseases we are mainly depending on physical examinations and
many others conventional methods of diagnosis. The conventional methods for detecting
the bacterial pathogens present in infections are based on culturing the microorganisms
on agar plates followed by standard biochemical identifications (Jarvinen et al., 2009).
These methods are usually inexpensive and simple but time consuming as they depend on
the ability of the microorganisms to grow in different culture media such as pre-

enrichment media, selective enrichment media and selective plating media (Ferroni et al.,
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2010). It requires 2 to 3 days for preliminary identification and more than a week for
confirmation of the species of the pathogens (Zhao et al., 2014). Moreover, these
methods are laborious as they require too many procedures to be accomplished.
Furthermore, false negative results may found due to viable but non-culturable (VBNC)
pathogens (Lee et al., 2014). The failure of pathogen detection would increase the
transmission risk of pathogens and treatment failure. Therefore, different rapid methods
with high sensitivity and specificity have been developed to improve detection and
identification of the pathogens. Rapid methods are also more time-efficient, labor-saving
and able to reduce human errors (Mandal et al., 2011) . Researchers are still developing
novel methods with improvements in terms of rapidity, sensitivity, specificity and
suitability for in situ analysis and distinction of the viable cell (Law et al., 2015). One of
the most commonly used molecular-based method for the detection of bacterial
pathogens is multiplex polymerase chain reaction (mPCR). It offers a more rapid
detection as compared to simple PCR through the simultaneous amplification of
multiple gene targets. Although the basic principle of mPCR is similar to
conventional PCR (Lee et al., 2014). However, these molecular methods based on
nucleic acid amplification and hybridization aims to fasten the diagnostic procedures. In
such methods, the pathogen is simultaneously detected and identified, which results in
more rapid diagnoses than those obtained by conventional culturing methods and
obviates the need for additional culture tests. Rapid diagnostics can also reduce the use of
antimicrobial agents in addition to allowing a faster switch to the most optimum
treatment, thus reducing both side-effects and costs (Barenfanger et al., 1999; Kerremans
et al., 2007). However, in Bangladesh use of these rapid diagnostics kit were not
established to diagnose the nonspecific diseases in livestock. Moreover, the practitioners
are not aware enough of using specific antimicrobial to combat such kind of infectious
diseases in field level. Therefore, the current study was aimed to confirm the specific
causal agents causing nonspecific clinical signs and to assess the effectiveness of those
rapid diagnostic methods to detect them. In addition, determine the status of antimicrobial

using against those infectious diseases in goat.



The specific objectives of the present study were as follows:

Confirmation of specific pathogens from goats showing non-specific clinical
signs.

To correlate the clinical signs and symptoms with specific causes which is not
confirmed yet in goats at Teaching Veterinary Hospital (TVH) of Chittagong
Veterinary and animal Sciences University (CVASU).

To confirm the prevalence of those diseases and analyze their possible risk
factors.

To see the status of antimicrobial agents commonly using in SAQTVH against

those diseases.



Chapter-2: Review of literature

The goat suffers with various diseases, which are caused by bacteria, viruses, parasites
and other non-infectious agents. The diagnosis of the goat diseases only based on the
clinical symptoms is most difficult, as many diseases resemble one another. The
important clinical symptoms of common diseases have been given, only to help the
farmers to detect the sick goat at the earliest stage. Treatment is not complete and many
drugs may cause toxicity, in cases of the serious disease problem of the goat. The farmers
may take some steps, as recommended, to prevent further deterioration in the condition of
the animal, until it is brought under the supervision of a goat health specialist. It is
observed that the seriousness can be prevented or minimized if timely preventive health

care has been adopted in goat farming.

2.1. Salmonellosis in goats

Salmonella is an important human food-borne pathogen and is found in the intestinal tract
of many animals. Although Salmonella can cause disease in animals, they are generally
asymptomatic (Al-Habsi et al., 2018; Duffy, Barlow et al., 2009; Markey, Leonard et al.,
2013). Salmonellais a genus of rod-shaped (bacillus) gram-negative bacteria of the
family Enterobacteriaceae. Salmonella species are non-spore-forming,
predominantly motile enterobacteria with cell diameters between about 0.7 and 1.5 um,
lengths from 2 to 5pum, and peritrichous flagella (all around the cell body). They
are chemotrops, obtaining their energy from oxidation and reduction reactions using
organic sources. They are also facultative anaerobes, capable of generating ATP with
oxygen ("aerobically") when it is available; or when oxygen is not available, using other
electron acceptors or fermentation (“anaerobically”) (Markey et al., 2013). S.
enterica subspecies are found worldwide in all warm-blooded animals and in the
environment. However, Salmonella (S.) enterica have been associated with diarrhoea,
weight loss, lethargy and inappetance in goats, with sustained periods of stress identified
as a risk factor for manifestation of disease in both goats and sheep (Bulgin & Anderson,
1981; Richards et al., 1989; Sharma et al., 2001). Outbreaks of acute diarrhea due to S.
enterica (S. Adelaide, S. Typhimurium, S. Muenchen and S. Singapore) with 38%

mortality rate have been reported in Australian rangeland goats (McOrist & Miller,



1981), but the epidemiology of Salmonella infections and specific risk factors for faecal
carriage in goats are not well described. Isolation of Salmonella by growth culture
medium followed by serotyping is considered for confirmation of Salmonella, but
it is time consuming and labor intensive. Therefore techniques like PCR are
increasingly being used for rapid detection and confirmation of Salmonella and
considered as a very important diagnostic tool for detection of Salmonella invA
targeting gene (Li et al., 2014). Most widely used DNA based technique is PCR,
utilizing genus specific primers targeting various genes. For instance, invA gene
(marker gene) has been introduced for the effective, rapid and accurate detection

of Salmonella in foods of animal origin (Rahn et al., 1992)

2.2. Listeriosis in goats

Listeriosisis a life-threatening disease caused by the Listeria monocytogenes bacteria.
Listeria monocytogenes is a facultative intracellular microorganism. It is a gram-positive,
extremely antibiotic-resistant coccoid to bacillus shaped bacteria found in the
environment (Low & Donachie, 1997). Spoiled forages and feed contaminated by L.
monocytogenes are sources of contamination for goats. Listeriosis can infect animals and
humans alike. The disease occurs worldwide and is widely distributed among different
livestock species. L. monocytogenesis commonly found in the feces of infected birds,
wild mammals, fish, crustaceans, insects, and in sewage (Johnson et al., 1996). L.
monocytogenes can contaminate water, milk, cheese, fetal feces (meconium), adult feces,
and soil. The infection enters through small wounds in the lips and oral and nasal
mucosae and via the conjunctiva, although only immunosuppressed animals become ill.
Asahi and others (1957) were the first to demonstrate experimentally that the infection
can ascend from wounds in the lips and oral cavity along the trigeminal nerve. The
experimental infection of dental pulp with listeria revealed that wounds caused by
erupting or lost teeth provide important entry points for listeria organisms. The
meningoencephalitic form of listeriosis has been known in sheep and goats for many
years (Braun et al., 2002; Gerros, 1998) ), and the two species show the same clinical
signs. The clinical signs of listeriosis are due to the unilateral ascent of the infection
along the trigeminal nerve. The main signs include central nervous system (CNS) disease

with vestibular ataxia and unilateral cranial nerve deficits (Braun et al., 2002).
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The diagnosis of listeriosis, based on the isolation of the bacteria can be difficult because
of previous antibiotic treatment and a low number of bacteria (Le Monnier et al., 2011).
Conventional assays used to identify Listeria species are time consuming (4-5 day
processing) and labor intensive, depending on enrichment, selective media, agar isolation,
and serological reactions (Amaglian et al., 2007; Bauwens et al., 2003; Liu, 2006). The L.
monocytogenes hemolysin Listeriolysin O (LLO), encoded by hly, and Positive
Regulatory Factor A (PrfA), a master transcriptional activator for hly and numerous other
virulence genes, are key virulence determinants of L. monocytogenes, extensively
characterized for their roles in host-pathogen interactions (Postollec et al., 2011). PrfA, a
key transcriptional regulator, induces expression of virulence factors related to L.
monocytogenes pathogenesis in infected host cells. When L. monocytogenes enters into
host cells cytosol, PrfA is post-translationally activated (Xayarath et al., 2011). PrfA has
been selected as for PCR assay targeting L. monocytogenes. its relative accuracy,

specificity, and sensitivity were 96, 100, and 76.9%, respectively ( Chen et al, 2017).

2.3. Bacillosis in goats

Bacillus cereus behaves as an opportunistic pathogen frequently causing gastrointestinal
diseases, and it is increasingly recognized to be responsible for severe local or systemic
infections (Drobniewski, 1993). Itis a Gram-positive, spore-bearing rod that is widely
distributed in the environment, namely soil, where spores persist under adverse
conditions and can grow when readily decomposable matter is available. This motile
bacterium is an aerobe or facultative anaerobe with large vegetative cells, typically
organized in chains, ranging from 3-5 um in length and 1 pm in width. B. cereus can
grow over a wide temperature range (8-55 °C), but it is not well suited to tolerate low pH
values (minimum 5-6) or water content (minimum water activity 0.95). Despite the fact
that B. cereus can complete a full saprophytic life cycle, this bacterium may also behave
as an opportunistic pathogen (Callegan et al., 1999; Robinson-Dunn, 2002). B. cereus is a
type of bacteria that produces toxins.These toxins consists emetic toxin (ETE) and
different enterotoxins: HBL, Nhe, and EntK etc (Senesi et al., 2010). The numbers of
enterotoxins and their properties have also been debated for a long time. All these
enterotoxins are cytotoxic and cell membrane active toxins that will make holes or

channels in membranes (Granum & Lund, 1997; Kramer et al., 1989). Bacillus cereus has
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a ubiquitous distribution in the environment. Although mastitis in animals is mostly due
to Staphylococci, Streptococci, and Escherichia coli, Bacillus cereus may behave as an
agent of mammary gland infection in cows and goats. Also, Bacillus species outside
the B. cereus group seem to be potential pathogens for the mammalian udder, although
many cases are merely reported as related to Bacillus spp. unfortunately (Savini, 2016). ).
One report from Nigeria cited that 7.5% of mastitis cases in goats were due to B cereus
(Ajuwape et al., 2005). Clinical signs of B cereus mastitis in goat included acute onset of
fever, anorexia, and lethargy, with considerably swollen affected quarters (Mavangira et
al., 2013). Isolation of B cereus in goats with subclinical mastitis has also been reported
(Kalogridou-Vassiliadou, 1991). Clinical cases of gangrenous mastitis also occur due to
this bacterium but are considered rare (Gonzalez, 1996; Howell, 1972). The relatively
low occurrence of B cereus mastitis in the face of a fairly wide host and environmental
distribution of Bacillus spp has suggested that specific predisposing factors may be

required for the development of clinical mastitis due to B. cereus (Watts, 1988).

2.4. Yersiniosis in goats

The genus Yersiniaincludes 11 species: Y. pestis, Y. pseudotuberculosis, Y.
enterocolitica, Y. frederiksenii, Y. intermedia, Y. kristensenii, Y. bercovieri, Y. mollaretii,
Y. rohdei, Y. aldovae, and Y. ruckeri. Among them, only Y. pestis, Y. pseudotuberculosis,
and certain strains of Y. enterocolitica are of pathogenic importance for humans and
certain warm-blooded animals, whereas the other species are of environmental origin and
may, at best, act as opportunists (Fabrega & Vila, 2012). However, Yersinia strains can
be isolated from clinical materials, so have to be identified at the species level. Yersinia
enterocoliticais  a Gram-negative bacillus-shaped bacterium,  belonging to the
family Enterobacteriaceae. It is motile at temperatures of 22-29°C, but becomes
nonmotile at normal human body temperature (Kapatral et al., 1996). Yersinia
enterocolitica has been recognised as a cause of terminal ileitis and mesenteric adenitis in
human beings since the 1930's and a number of domestic animals, including dogs, cats,
cattle, sheep and pigs, have been suggested as possible sources for these infections (Slee
& Button, 1990). Y. enterocoliticais widespread in nature, occurring in reservoirs
ranging from the intestinal tracts of numerous mammals, avian species, cold-blooded

species, and even from terrestrial and aquatic niches. Most environmental isolates are
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avirulent; however, isolates recovered from porcine sources contain human pathogenic
serogroups. In addition, dogs, sheep, wild rodents, and environmental water may also be
a reservoir of pathogenicY. enterocoliticastrains (Fabrega et al.,, 2012). Y.
enterocolitica is a heterogeneous group of strains, which are traditionally classified by
biotyping into six biogroups on the basis of phenotypic characteristics, and
by serotyping into more than 57 O serogroups, on the basis of their O (lipopolysaccharide
or LPS) surface antigen. Five of the six biogroups (1B and 2-5) are regarded as
pathogens. However, only a few of these serogroups have been associated with disease in
either humans or animals. Strains that belong to serogroups O:3 (biogroup 4), O:5,27
(biogroups 2 and 3), O:8 (biogroup 1B), and O:9 (biogroup 2) are most frequently
isolated worldwide from human samples. However, the most importantY.
enterocolitica serogroup in many European countries is serogroup O:3 followed by O:9,
whereas the serogroup O:8 is mainly detected in the United States (Slee & Button, 1990).
A number of bioserotypes of Yersinia enterocolitica are known enteropathogens of
human beings and animals (Swaminathan et al., 1982). Little is known about the
relevance of Y. enterocolitica in goats. The first outbreak of Y. enterocolitica in a goat
herd was reported from Norway (Krogstad et al., 1972). Some of the goats died while
others developed only mild diarrhoea for a short time. Interestingly, some of the persons
who had been in daily contact with the diseased goats had diarrhoea and abdominal pain.
Antibodies against Y. enterocolitica type 2 were found in those patients (Winblad, 1967).
However, attempts to provoke clinical disease in goats, experimentally infected with 109
cells of the strain isolated, failed (Krogstad et al., 1972). Slee and Button (1990) reported
a number of Y. enterocolitica biotype 5 serotype O: 2, 3 infections in goats. Infected
goats were usually young and showed diarrhoea, were in poor condition or emaciated. A
direct transmission from goats to man has been found by (Krogstad et al., 1972).
(Nikolaou et al., 2005) in 66% of 681 sera from goats in the German state of Lower
Saxony anti-Yop/V-Ag antibodies. Serological and biochemical classification, however,
are time consuming and are not generally available in routine laboratories. Alternative
phenotypical tests, such as calcium-dependent growth at 37°C, Congo red binding (Prpic
et al., 1983), pyrazinamidase testing (Kandolo & Wauters, 1985), autoagglutination
testing, and serum resistance testing (Aulisio et al., 1983; Bhaduri et al., 1990; Farmer et
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al., 1992) all have Ilimited predictive value for the pathogenicity ofY.
enterocolitica and Y. pseudotuberculosis. The tests are frequently ambiguous to read, and
their outcome may be unreliable, since they depend on the presence and expression of
(plasmid-borne) virulence genes and the virulence plasmid pYV can easily be lost
depending on the culture conditions (Bhaduri et al., 1990). Therefore, differentiation of
pathogenic strains should not rely solely on the expression or detection of the virulence
plasmid but also on the detection of chromosomal virulence factors. Strains of the
pathogenic biotypes 1B, 2, 3, and 4 were significantly more-frequently isolated from
humans and animals than from food and environmental sources in comparison to the
biotype 1A strains (P < 0.001), indicative of the less-pathogenic nature of biotype 1A. Of
53 animal isolates of Y. enterocolitica, 46 strains (87%) were isolated from pigs, which
mainly belonged to the pathogenic biotypes. The other animal isolates were a biotype 2
from a goat, a biotype 4 from a dog, and 5 biotype 1A's from 3 birds, 1 cow, and 1 dog.
All field strains were further serotyped for O: 3 and O: 9, which were shown to be the

most important pathogenic serotypes in Switzerland (Thoerner et al., 2003).

2.5. Campylobacteriosis in goats

Campylobacter spp. are spiral, microaerobic, gram-negative bacteria that cause
gastroenteritis in people and animals. Several Campylobacter spp. are zoonotic. Many
domestic animals develop acute gastroenteritis after ingestion of Campylobacter spp.
including dogs, cats, calves, sheep, pigs, ferrets, mink, monkeys, and several species of
laboratory animals. Campylobacter spp. is spiral or curved rods that exhibit a
characteristic corkscrew darting motility, mediated by a single polar flagellum. These are
slow growing, with a generation time of ~90 min, fastidious, and require enriched
medium and microaerobic conditions with increased CO; (3%-15% O,, 3%-10% CO,,
85% Ny) for growth (Dworkin, 2006). The family Campylobacteraceae consists of three
genera, including Campylobacter and Arcobacter associated with animal and human
diseases. Certain species are present commensally in animals as suspected reservoirs for
human infections. The thermophilic Campylobacter spp., C. jejuni, or C. coli have the
highest prevalence and disease impact (Lastovica & Atlas, 2008). Campylobacter species
causing diseases in livestock include C. jejuni subsp jejuni (enteritis and abortion), C.

coli, C. mucosalis (porcine enteritis), C. upsaliensis, C. helveticus (companion pet

10



enteritis), C. hyointestinalis subsp hyointestinalis (porcine and bovine enteritis), C.
sputorum (abortions in sheep), and C. fetus subsp fetus (isolated from intestinal tracts of
sheep and cattle, sporadic abortions). Certain species such as C. jejuni, C. hyointestinalis,
and C. fetus possess closely related subspecies with different disease foci.
Initially, Arcobacter spp were considered to be aerotolerant campylobacters and are
implicated in reproductive disorders, mastitis, gastric ulcers, and/or diarrhea in livestock,
including A. cryaerophilus (previously C cryaerophila), A. skirrowii, A. thereius, and A.
butzleri (Lastovica, 2006). Campylobacter jejuni have been reported among healthy and
diseased farm animals (Jiwa et al., 1994; Olubunmi & Ademiran, 1986; Raji et al., 2000).
The majority (90%) of campylobacteriosis cases are caused by Campylobacter jejuni and
C. coli (Dworkin, 2006). Lastovica & Allos, 2008 reported that Seventy-four (30%)
samples were positive for Campylobacter. Four species were detected: C. jejuni (20%),
C. coli (7%), C. lari (2%) and C. hyointestinalis (2%). The frequently isolated
Campylobacter species from goats was C. jejuni with isolation rate of 62.1%.
Campylobacter spp. was found in 34.6% of the examined samples. C. jejuni was isolated
in 10.1% and C. coli in 26.7% of samples.

2.6. Vibriosis in goats

Vibrio cholerae is the causative agent of the diarrheal disease cholera in several species.
It is a "comma" shaped Gram-negative bacteria with a single, polar flagellum for
movement. There are numerous strains of V. cholerae, some of which are pathogenic and
some of which are not. V. cholerae is a facultative aerobe and has a flagellum at one cell
pole as well as pili (Heidelberg et al., 2000). V. cholerae can undergo respiratory and
fermentative metabolism. When ingested, V. cholerae can cause diarrhoea and vomiting
in a host within several hours to 2—3 days of ingestion. V. cholerae was first isolated as
the cause of cholera by Italian anatomist Filippo Pacini in 1854, but his discovery was not
widely known until Robert Koch, working independently 30 years later, publicized the
knowledge and the means of fighting the disease (Pacini, 1854). V. cholerae enters to the
body through ingestion of contaminated food or water. The bacterium enters the
instestine, imbeds itself in the villi of absorptive intestinal cells, and releases cholera
toxin. Cholera toxin (CT) is an enterotoxin made up of five B-subunits that form a pore to

fits one A-subunit (Zhang et al., 1995). CT is made from filamentous phage gene, CTX¢.
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A phage gene is also responsible for another virulence factor of V. cholerae, which is
toxin co-regulated pilus (TCP), which acts as a receptor for CTX¢ (Davis & Waldor,
2003). There are at least 72 other serogroups of V. cholerae that are called non-0:1
(Visser et al., 1991). Formerly these strains were called non-cholera vibrios (NCV) or
non-agglutinable vibrios (NAG). Although the majority of the non-0:1 strains of V.
cholerae isolated from the environment does not appear to be enteropathogenic
(Baumann, 1984), many strains of V cholerae non-0:1 produce a toxin identical or very
similar to cholera toxin (Arita et al., 1986; Honda et al., 1989). Other strains, which do
not produce cholera toxin, are enteropathogenic to animals experimentally (Bisgaard et
al., 1978). These strains do not cause cholera epidemics, but do cause individual cases
and outbreaks of cholera-like diarrhoea in humans. These had been only rarely reported
from places all over the world since 1960 but have been more frequently reported since
1972 (Kaper et al., 1979). An additional virulence factor such as intestinal adhesion of
the bacteria is also important in producing disease. V. cholerae has been isolated from
surface water (Embrey et al., 2004; Fraga et al., 2007) and the occurrence of V.
cholerae in water sources can be linked to faecal pollution (Cox et al., 2005). Domestic
and farm animals have been shown to be carriers of V. cholerae strains, contributing to
their sustained presence in the area (Sanyal et al., 1974). Among the 193 currently
recognised O serogroups of V. cholerae, only O1 and 0139 have caused epidemics of
cholera (Fraga et al., 2007). More than 95% of the strains belonging to serogroups O1
and 0139 produce the CT, which is central to the disease process (Chakraborty et al.,
2000).

Cholera, caused by Vibrio cholerae, is a severe epidemic diarrhoeal disease which
continues to devastate many developing countries where socioeconomic conditions are
poor, sanitary systems and public hygiene are rudimentary, and safe drinking water is not
available (Chen et al., 2007). It is now believed that an aquatic environment is the natural
reservoir for V. cholerae (Janda et al., 1988). Although it has been reported that farm
animals may also carry the organisms, references are very scarce (Shewan, 1974). After
an outbreak of cholera, isolated V. cholerae from the faeces of cattle, goats, dogs and
chickens in Varanasi, India, where cholera has not been endemic (Sanyal et al., 1974).

Some of the strains that were isolated from cattle and chickens were of the 0:1 type.
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Although cows appeared to be infected for 8 months at most, V. cholerae was isolated
only occasionally from goats. Clinical signs of disease were not observed in any of these
animals. Under experimental conditions, however, toxigenic strains of both 0:1 and non-

0:1 type are pathogenic for a variety of laboratory animals (Sanyal et al., 1974).

2.7. Clostridiosis in goats

The Gram-positive, anaerobic, spore-forming bacterium Clostridium perfringens is
distributed ubiquitously throughout the environment, with a presence in soils, foods,
sewage, feces, and the intestines of many healthy humans and animals (Doyle, 1989;
McClane et al., 2006). This bacterium also ranks among the most common and important
pathogens of humans and livestock (McClane et al.,, 2006; Rood, 2006).C.
perfringens causes histotoxic infections, including gas gangrene (Clostridial
myonecrosis), anaerobic cellulitis, and simple wound infections (Rood, 2006; Titball &
Rood, 2002). It is also responsible for several human and animal diseases originating in
the intestines; these illnesses typically manifest as enteritis or enterotoxemia, a condition
where toxins produced in the intestines are absorbed into the circulation and then damage
other internal organs such as the brain, lungs, or kidneys (McClane et al., 2006; Songer,
1996).

The C. perfringens species is a very heterogeneous group of organisms regarding their
metabolic byproducts, toxins and pathogenic potential. For practical classification
purposes, the species is divided into five types, from A to E, based on their ability to
produce any of the four major lethal toxins (alpha, beta, epsilon and iota) (Niilo, 1980).
Type A is the most frequently occurring Clostridium in mammals, birds and in the
environment; it produces enteric disease generally mild, with minimal damage noted in
the intestinal mucosa and, in addition to enteritis, it produces gas gangrene; in the
Western United. States, it causes hemorrhagic abomasitis in young ruminants, often
accompanied by severe diarrhea; in the Pacific Northwest of USA, a condition called
yellow lamb is associated with C. perfringens type A (Zachary et al., 2013). Type D is
perhaps the best known pathogenic C. perfringens type, being widely regarded as the
causative organism of fatal enterotoxemia of sheep or “overeating disease”. It appears to
have a worldwide distribution but is not a common intestinal commensal. It produces

epsilon-toxin, an angiotoxin that damages endothelial cells, which is almost exclusively
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responsible for the host pathology and subsequent death. The toxin is produced in the gut
by abundantly growing bacterial cells and is triggered by some feeding factors and
absorbed into the systemic circulation. The epsilon-toxin is resistant to digestive
enzymes; in fact, these enzymes convert the freshly secreted less active prototoxin into
the fully toxic form. Clinically, when large amounts of epsilon-toxin are produced in the
gut, its absorption into the systemic circulation increases capillary permeability in many
organs and tissues, including intestinal mucosa. This increases its absorption rate and
consequently the systemic effects leading to extensive renal damage, hyperglycemia,
hypertension and edema in various organs, including the brain (Niilo, 1980). Lesions of
C. perfringens type D infection consist of multisystemic hemorrhages, particularly of
serosal surfaces; pericardial effusion is present along with mild gastroenteritis (Zachary
et al., 2013). Pulpy kidney, another common name for type D enterotoxemia, is derived
from one of the hallmark lesions in affected sheep, a result of postmortem autolysis,
which occurs rapidly in hyperemic, toxin-damaged tissue (Songer, 1996; Zachary et al.,
2013).

Table 2.1: Clostridium perfringens toxinotypes

Toxin produced

Type Alpha Beta Epsilon lota
A + - - -
B + + + -
C + + - -
D + - + —
E + - - +

The classification of C. perfringens isolates into toxigenic types has been traditionally
performed by sero-neutralization with mice or guinea-pigs (McDonel, 1986; Sterne et al.,
1975). However, these methods are time consuming, expensive and raise an ethical
concern due to the use of experimental animals. Therefore, during the last decade these
methods have been largely replaced by PCR-based detection. Different toxin types of C.
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perfringens strains have also been screened with commercial enzyme-linked
immunosorbent assay kits. Moreover, a DNA microarray method has been recently
published for detecting the presence of toxin genes from C. perfringens isolates (Al-
Khaldi et al., 2004). Heikinheimo et al., also chose PCR protocol published by Meer and
Songer (1997) in order to determine the presence of major toxin genes (cpa, cpb, etx and

iA) and Cpe gene from C. perfringens isolates.

2.8. Staphylococcosis in goat

Staphylococcus aureus is a gram-positive round-shaped bacterium that is a member of the
firmicutes, and it is a member of the normal flora of the body, frequently found in
the nose, respiratory tract, and on the skin of both humans and animals. It is often
positive for catalase and nitrate reduction and is a facultative anaerobe that can grow
without the need for oxygen (Masalha et al.,, 2001). AlthoughS. aureusis not
always pathogenic (and can commonly be found existing as a commensal), it is a
common cause of skin infections including abscesses, respiratory infections such
as sinusitis, and food poisoning. Pathogenic strains often promote infections by
producing virulence factors such as potent protein toxins, and the expression of a cell-
surface proteinthat binds and inactivates antibodies (Klimesova et al., 2017).
Staphylococcus aureus is involved in a wide variety of diseases in humans and animals
and its pathogenicity is mainly related to a combination of toxin-mediated virulence,
invasive capacity, and antibiotic resistance. In 2009, the European Food Safety Authority
underlined the increasing concern for Public Health represented by the presence of
methicillin-resistant S. aureus (MRSA) in food producing animals, and recommended
that further work should be performed on sampling, detection and quantification of
MRSA carriage in both humans and animals, as well as on the contamination of food and
the environment (Vanderhaeghen et al., 2010). S. aureus is also considered a major food
borne pathogen (Hennekinne et al., 2010). Some strains are able to produce enterotoxins
within foodstuff, causing staphylococcal food-poisoning (SFP), (Argudin et al., 2010).
Recently published work has shown that 3 percent of all animals are infected with S.
aureus (Schukken et al., 2009). However, S. aureus represents 10 to 12 percent of all

clinical mastitis infections (Tenhagen et al., 2009). S. aureus bacteria produce toxins that
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destroy cell membranes and can directly damage milk-producing tissue. White blood
cells (leukocytes) are attracted to the area of inflammation, where they attempt to fight
the infection. Initially, the bacteria damage the tissues lining the teats and gland cisterns
within the quarter, which eventually leads to formation of scar tissue (Trinidad et al.,
1990). The bacteria then move up into the duct system and establish deep-seated pockets
of infection in the milk secreting cells (alveoli). This is followed by the formation of
abscesses that wall-off the bacteria to prevent spread but allow the bacteria to avoid
detection by the immune system. During infection, destruction of alveolar and ductal
cells reduces milk yield (Petersson-Wolfe et al., 2010). These damaged cells may
combine with leukocytes and clog the milk ducts that drain the alveolar areas,
contributing to further scar tissue formation, occlusion of ducts, and decreased milk
production. Staphylococcus aureus was involved in 37% of subclinical cases of mastitis
in dairy goats. Though most cases of S. aureus mastitis are subclinical causes but it also
causes one of the most common types of chronic mastitis (Roberson, et al., 1994).
Usually, the etiological diagnosis is dependent on isolation of the bacterium from the
focus of infection or in blood cultures. In some cases, access to the focus may be difficult
or dangerous or cultural confirmation may be hampered by ongoing antimicrobial
therapy. Also, serological assays for S. aureus infections are of limited value because of
insufficient diagnostic sensitivity and specificity (Verbrugh et al., 1983), although
promising results have been reported recently (Brakstad et al., 1989; Julander, et al.,
1983; Verbrugh et al., 1986). Consequently, it would be desirable to find methods which
could supplement the cultural and serological methods, notably, alternative methods
which could secure a rapid diagnosis of S. aureus infection. This purpose may be
achieved by techniques which enable detection of S. aureus nucleic acids in clinical
specimens. Nucleic acid amplification by PCR has applications in many fields of biology
and medicine, including the detection of viruses, bacteria, and other infectious agents. S.
aureus strains produce an extracellular thermostable nuclease (thermonuclease [TNase])
with a frequency similar to that at which they produce coagulase (Madison et al., 1983).
The TNase is a protein with a molecular mass of 17,000 Da. It is an endonuclease,
degrading both DNA and RNA, and the enzymatic activity can resist 100°C for at least 1
h (Lachica et al., 1972). The TNase protein has been well characterized , and its gene, the

16



nuc gene, has been cloned and sequenced (Kovacevic et al., 1985). An enzymatic test for
TNase production is used in many laboratories for the identification of S. aureus isolates
(R. Lachica et al., 1971). However, TNase activity is not specific for S. aureus (Gudding,
1983). (Brakstad et al., 1992) recognized sequences of the S. aureus nuc gene, which

encodes the TNase produced by these bacteria.
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Chapter-3: Materials and methods

3.1. Study design and sampling

The study was conducted at S. A. Quaderi Teaching Veterinary Hospital (SAQTVH) in
Chittagong Veterinary and Animal Sciences University (CVASU) during the period of
July 2017-April 2018. Two hundred (n=200) blood samples were collected from the
goats having fever and/or diarrhea. Samples were collected from jugular vein. Collected
samples were placed in a vacutainer (5ml) containing ethylenediaminetetraacetic acid
(EDTA), and transported with 4°C cool box to the Poultry Research and Training Centre
(PRTC), CVASU for further analysis. All the molecular investigations of this study were
conducted in PRTC, CVASU.

3.2. Questionnaire used for sample collection

A pre-designed questionnaire was used to collect relevant information such as species,
age, and sex, diarrheic or not, antibiotic used or not etc. from sampled goat. Attempt was
made to enlist the antimicrobials used for that specific case. Recovery after using the

drugs against infection was noted during the study.
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Figure-3.1: Geographical location of the sampling sites
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3.3. DNA extraction from blood samples

DNA was extracted from collected blood samples using DNA extraction kit (K-3000,
GeNet Bio, Korea) according to the method described elsewhere (Hansen et al., 2009).
Briefly Protinase K solution (20 ul, 20 mg/ml) was added to a 1.5 ml microcentrifuge
tube. Then 200 ul of whole blood sample was transferred to the microcentrifuge tube.
Two hundred micro liters of buffer GB was added to the sample and mixed by vortexing
for 15 sec and incubated at 56° ¢ for 10 minutes (min). After that 200 pl absolute ethanol
was added and again mixed by vortexing for 15 sec. Tube was then briefly spin down to
get the drops clinging under the lid. Afterwards the lysate was carefully transferred into
the upper reservoir of the spin column (fit in a 2ml tube) without wetting the rim and
centrifuged at 10000 rpm for 1 min. The spin column was transferred to a new 2ml
collection tube for filtration. Buffer GW1 (500 ul) was added to the spin column and
centrifuged at 10000 rpm for 1min. After centrifugation, the flow through was discarded
and the spin column was transferred to a new 2 ml collection tube. Again 500 pl of buffer
GW1 was added to the spin column and centrifuged at 10000 rpm for 1min. After that,
the flow through was discarded and the spin column was resembles with its collection
tube. Furthermore for complete removal of ethanol it was centrifuged once more at 12000
rpm for 2 min and ensures that there was no droplet clinging to the bottom of collection
tube. For elution the spin column was transferred to a new 1.5 ml tube then 200 pl of
buffer GE was added onto spin column and wait for 1 min at room temperature. Finally

DNA was eluted by centrifugation at 10000 rpm for 1min.
3.4. Multiplex PCR (mPCR) reactions

Multiplex Polymerase Chain Reaction (mPCR) was conducted according to the
instruction given by manufacturing company (EB-1000, GeNet Bio, Korea).The primer

sequences used for the mPCR are shown in Table 3.1.
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Table 3.1: Primer sequence of bacterial toxin genes

Bacteria Toxins Primer sequence Size
lambda-F CGCGAATATGCCGGTTATCA
Lambda DNA lambdaR  CACGGAGTAGCCGTTATCCGT 1000bp
invA-F TCATATTACGCACGGAAACACGTTC
Salmonella spp. 100bp
invA-R CCTGATTTACTTAAAGAAGTGCTCAG
) prfA-F GGAGTTTCTTTACCATACACATAGGTC
Lysteria monocytogenes 150bp
prfA-R TCTTACGCACTTTTTCTATGTTTTCCAAA
hbIC-F CTCTCGCAACACCAATCGTTCA
hblC-R CCATTCCTTCATATCTTGTTTGATTAG
bceT-F TTCAGTTCAAAGAAGCATGGACGAAAG
bceT-R ATGCTGACGAGCTACATCCATAATGACT
nheA-F ACAGGGTTATTGGTTACAGCAGTATC
Bacillus cereus nheA-R TCTGGCTGTTGCAAAATAAYTAATCC 200b
entFM-F TGTTCGTTCAGGTGCTGGTACAGG P
entFM-R ACTGTGTAAGTACCWGTTCCTTGTTGAA
cytK-F AGGGATTGGGTAGTTATCAATAGG
cytK-R TCGGGCAAAATGCAAAAACACATACG
CER-F GGGACCAAGAAACGAAAAAGAAGCA
CER-R AGTTCAGCAATCGTTTGATACTGAAAG
n . inv(Y)-F GGCAAATCAGGAAGTAAAACACTGG
Yersinia enterocolitica _ 250bp
inv(Y)-R TGTCATAGAAAGTGTTAAAGCCATAC
o hipO-F TCTGGAGCACTTCCATGACCACC
Campylobacter jejuni
hipO-R TTGCGGTCATGATGGACATACTAC 2005
. glyA-F TCAAGGCGTTTATGCTGCACTTTTAA P
Campylobacter coli
glyA-R GCAATGTCTGCAAAAAGATAAGCTCCAAC
cpe-F TGGATTTGGAATAACTATAGGAGAAC
o . cpe-R AGTCCAAGGGTATGAGTTAGAAGAACG
Clostridium perfringens 400bp
cpb2-F AGCAATAAGTCCAATGAAAGCAAGTGC
cpb2-R ACAAACTTGAGTTCTAAATGATGGTGT
hly-F AGCAGAGATGCAAGCCCAATTCAG
Vibrio cholera
hly-R TGGCTCCAAACTGACGATAACCGAG
vvha-F GGGTATTTGATAAGACGAAGTTCAA
Vibrio vulnificus whaR CTAAGTTCGCACCACACTGTTCG 500bp
tlh-F TCGCACCAGCTACTCGAAAGATG
Vibrio parahaemolyticus
tlh-R CAACCCCTGTTAGCGCGATGTATT
nuc-F GTGCTGGCATATGTATGGCAAT
Staphylococcus aureus 658bp
nuc-R CTGAATCAGCGTTGTCTTCGC
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The mPCR reactions were conducted with a final volume of 20 pl. Proportions of
different reagents used for mPCR of different genes are given in Table 3.2.

Table 3.2: Reagents used for mPCR amplifications of the genes

Serial No Name Manufacturer
1 Master Mix Genet Bio
2 Molecular marker Genet Bio
3 Ethidium bromide solution (1%) Fermantas
4 Electrophoresis buffer 50x TAE Fermantas
5 Agarose powder Seakem® Le agarose-Lonza

The PCR reaction was run in a thermocycler (Applied Biosystem, 2720 thermal cycler,

Singapore) following the cycling conditions mentioned in Table 3.3.

Table 3.3: Contents of each reaction mixture of mMPCR assay

Components Volume
2 Multi HS Prime Taqg Premix 10ul
Primer Mixture Sul
Template DNA Sul
Total 20ul

Table 3.4: Cycling conditions used during mPCR for detection of bacterial genes

Step Temperature Time Cycle
UDG reaction 50°C 3 min 1
Pre-denaturation 95°C 10 min 1
Denaturation 95°C 30 sec
Annealing 60°C 20 sec 35
Extension 72°C 1 min
Final Extension 72°C 5 min 1
Store 4°C o -
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The mPCR protocol followed by agarose gel electrophoresis technique was adopted for
the detection of bacterial genes from whole blood as described by (Henegariu et al.,
1997) . A total volume of 20 ul was used for mPCR assay by maintaining the cycling

conditions that are shown in Table 3.4.

3.5. Visualization of mPCR products by Agar Gel Electrophoresis

Agarose gel (1.5 %, W/V) was used to visualize the PCR product. Agarose powder (0.75
gm) and 50 ml of 1X TAE buffer was mixed thoroughly in a conical flask and boiled in a
microwave oven until dissolved. Then the mixture was cooled to 50°C using a rocker and
0.05 pl/ml of ethidium bromide was added to the agarose solution. The agarose solution
containing was then poured into the gel casting tray which was assembled by sealing the
ends of gel chamber with tape and placed appropriate number of combs in gel tray. The
gel tray was for solidification at room temperature then combs were removed and the gel
was shifted into an electrophoresis tank filled with 1X TAE buffer for further use. An
amount of 7 ul of PCR product and 1 kb control DNA marker was loaded into a gel hole
to compare the amplicons size of a gene product and the electrophoresis was run at 110
volts and 80mA for 30 minutes. Let the samples goes down to the target level and then
the gel was immediately placed to the UV trans-illuminator in the dark chamber for
image viewing and documentation system. Finally the image was visualized on the

monitor followed by the printed as well as saved electronically.
3.6. Antimicrobial resistance profile testing of bacteria

Positive samples were sub-cultured on blood agar and incubated at 37° C for 24 hours to
obtain a pure growth. Using sterile inoculating loop 3 or 4 individual colonies from the
blood agar were transferred into a tube containing 3 ml of sterile phosphate buffer saline
solution (PBS, 0.85% wi/v NaCl solution). Emulsification of the inoculum was done to
avoid clumping of the cells inside test tube using vortex machine. Then the bacterial
suspension was adjusted to the turbidity of 0.5 McFarland standards (equivalent to
growth of 1-2x10°CFU/ml). Within 15 minutes of preparing the inoculums, a pre-sterile
cotton swab was dipped into the inoculums and rotated against the side of the tube with
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firm pressure to remove excess fluid. Swab was streaked over the entire dry surface of
Mueller Hinton agar for three times rotating the plate approximately at 60° F. After 15
minutes of inoculation, discs were placed on the agar surface using a sterile forceps. Agar
plates were incubated at 37°C for 18 hours after dispensing all the discs on it. Size of
zone of inhibition (in mm) around a disc including the diameter of the disc was measured
using a ruler and the result was interpreted according to CLSI, 2011 (Pa, 2006). The
panel of antibiotics used for different bacterial species along with the size of zone of
inhibition of them to be considered as a resistant (R), intermediately sensitive (1),

sensitive (S) against the tested isolate are shown in Table 3.5.
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Table 3.5: Panel of antibiotics, their concentration and zone diameter interpretative
standards for different bacteria (CLIS, 2011).

Interpretation of zone

Name of Bacteria Name of Antimicobial Disk diameters (mm)
agent(ug) content(ug)
R< I S>
Penicillin 6 - - -
Ampicillin 10 14 - 15
Amoxicillin 25 14 - 15
salmonella spp. Cefotaxim-e 30 19 - 20
Gentamycin 10 16 17-19 20
Ciprofloxacin 5 16 17-19 20
Tetracycline 3 19 20-23 24
Sulfamethoxazole 300 13 14-16 17
Penicillin 6 28 20-27 19
Ampicillin 10 20 - 19
Amoxicillin 25 - - -
) Cefotaxime 30 - - -
Lysteria monocytogenes _
Gentamycin 10 - - -
Ciprofloxacin 5 - - -
Tetracycline 3 19 15-18 14
Sulfamethoxazole 300 16 11-15 10
Penicillin 6 125 1.6-6.2 0.8
Ampicillin 10 - - -
Amoxicillin 25 - - -
Clostridium perfringens Cefotaxime 30 - - -
Gentamycin 10 - - -
Ciprofloxacin 5 - - -
Tetracycline 3 125 3.1-6.2 1.6
Sulfamethoxazole 300 - - -
Penicillin 6 24 - 25
Ampicillin 10 25 - 26
Amoxicillin 25 - - -
Staphylococcus aureus Cefotaxim-e % 2t ] >
Gentamycin 10 - - -
Ciprofloxacin 5 13 - 14
Tetracycline 3 19 - 20
Sulfamethoxazole 300 19 - 20

R= Resistant, I=Intermidiate S=Sensitive, (-) = no established value found
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3.7. Statistical evaluation

Data were entered into Microsoft Office Excel 2013 and then exported to STATA-13
(StataCorp 4905, Lakeway Drive, College Station, Texas 77845, USA) for
epidemiological analysis.

3.7.1. Descriptive analysis

Distribution of goats was presented according to the locations and quantities of the group,
population size, sample size, age and sex variables. Prevalence of different
microorganisms was calculated using positive samples divided by the total number of
samples tested and the results were expressed as a percentage with 95% confidence
interval (CI). Prevalence of microorganisms according to the season, sexes and age were
calculated with 95% CI too. Antimicrobial susceptibility testing was done and the
percentage of susceptibility was calculated according to the resistance, intermediate and
sensitive antimicrobials. Percentages of different antimicrobials were presented as a

chart.

3.7.2. Risk factor analysis

Based on data collection, goat samples were grouped according to the seasons they were
collected from (summer and winter), breed (Black-Bengal, Jamunapari and Cross),
source (family and farm), age (adult, sub-adult, juvenile and young), sex (male and
female), and vaccination (yes and no). Chi-square test was done to identify significant

risk factors.

3.7.3. Logistic regression model

For Staphylococcus aureus and Clostridium perfringens, variables- Breed, sex and age
(p<0.3) was forwarded to logistic regression model after chi-square test. In case of
Salmonella spp., sex and age were dropped and source was added. Logistic regression
was omitted in case due to low prevalence. After adjusting the factor with each other
Staphylococcus aureus (breed, sex, age and BCS), Clostridium perfringenes (breed, sex

and age), and Salmonella spp. (breed, source, BCS and vaccination), were found to be a

25



significant risk factor. Confounder was checked by observing the variation in the
coefficient. If the variation was greater than 10%, then the factor was considered as a
confounder. The validity of the model was checked. The model was valid by Receiver
operating curve (ROC) and goodness of fit test (Ifit) (Dohoo, Martin, & Stryhn, 2003).
The results were expressed as OR, 95% CI and P value.
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Chapter-4: Results

4.1. Confirmation of pathogens by mPCR

Toxin genes of different bacteria were detected through agar gel electrophoresis after
mPCR reactions. From 200 samples we were able to identify Staphylococcus aureus,
Clostidium perfringenes, Listeria monocytogenes and Salmonella spp. by observing their
band size described in manufacturer protocol (EB-1000, GeNet Bio, Korea). The
amplicons of nuc genes of Staphylococcus aureus produced a band of 658 bp (Figure
4.1) whereas amplicons of Clostridium perfringenes, Listeria monocytogenes and
Salmonella spp. produced 400 bp (Figure 4.2), 150 bp (Figure 4.3) and 100 bp (Figure
4.4) respectively.

Figure 4.1: Result of mPCR assay for nuc gene of Staphylococcus aureus identify
from the samples; Lane M: 1 Kb DNA marker; Lane N: Negative control; Lane P:

Control DNA; Lane 1: Staphylococcus aureus gene-sized (658 bp) amplicon.
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1000 bp

400 bp

Figure 4.2: Result of mMPCR assay for cpe and cpb2 gene of Clostidium perfringenes
identify from the samples; Lane M: 1 Kb DNA marker; Lane N: Negative control;
Lane P: Control DNA; Lane 1: Clostidium perfringenes gene-sized (400 bp)

amplicon.

1000 bp

150 bp

Figure 3: Result of mPCR assay for prfA gene of Listeria monocytogenes identify
from the samples; Lane M: 1 Kb DNA marker; Lane N: Negative control; Lane P:

Control DNA; Lane 1: Listeria monocytogenes gene-sized (150 bp) amplicon.
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1000 bp

100 bp

Figure 4: Result of mMPCR assay for invA gene of Salmonella spp. identify from the
samples; Lane M: 1 Kb DNA marker; Lane N: Negative control; Lane P: Control

DNA; Lane 2: Salmonella spp. gene-sized (100 bp) amplicon.

4.2. Prevalence of the different microorganisms

A total of 200 samples were collected from goat patient at SAQTVH, CVASU. Goats
having fever and/or diarrhea coming from different parts of Chittagong metropolitan
areas were selected for sampling. Among them, 23 (11.5%; 95% CI 7.4% - 16.7%) were
Staphylococcus aureus, 07 were (3.5%; 95% CI 1.4% - 7.1%) Clostidium perfringenes, 2
(1%; 95% CI 0.1% - 3.6%) and 41 (20.5%; 95% CI 15.1% - 26.8%) were confirmed as,

Listeria monocytogenes and Salmonella spp. respectively. (Table 4.1)
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Table 4.1: Prevalence of microorganisms confirmed by mPCR

Name of the
) ) Positive (n) prevalence 95% CI
microorganisms
Staphylococcus aureus 23 11.5% 7.4-16.7
Vibrio cholera 0 0 -
Clostidium perfringens 7 3.5% 1.4-7.1
Camphylobacter jejuni 0 0 -
Yersinia enterocolitica 0 0 -
Bacillus cereus 0 0 -
Listeria monocytogenes 2 1% 0.1-3.6
Salmonella spp. 41 20.5% 15.1-26.8

4.3. Frequency distribution of affected systems of goat

The frequency distribution of affected body systems were measured to see the

distribution of pathogens causing diarrhea and/or fever in goat. The respiratory (40.5%)

and digestive system (38%) were more frequently affected in compare to the other

systems which were shown in Table 4.2.

Table 4.2: Frequency distribution of system affected

Syestem Frequency Percentage

Digestive 76 38%

Respiratory 81 40.5%
Urinary 20 10%
Nervous 6 3%
Muscular 4 2%
Integumentary 9 4.5%
Reproductive 4 2%

Total 200 100%
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4.4. AMR and associated factors influencing microbial infection in goat

AMR and related clinical signs and certain potential risk factors (age, sex, breed and
seasons) were taken into consideration to see the integration of prevalence of infection of

different microorganism in goats in this area.

4.4.1. AMR and associated factors influencing Staphylococcus aureus infection in

goat

4.4.1.1. Frequency of different clinical signs in Staphylococcus aureus infected goat

Major clinical signs were recorded while collecting samples from goat having diarrhea
and/or fever. The Staphylococcus aureus infected goats were showing variable clinical
signs and symptoms. Percentages of major clinical signs were calculated which may will
help to diagnose Staphylococcus infected goat in field level. Mild fever, nasal discharge,
dyspnea and coughing together were recorded as the most common clinical signs of
Staphylococcus aureus infection (39.1%), goats with parturition history having fever,
lethargy, dehydration, and loss of appetite were second common (34.8%) followed by
mild fever, dry nose and wheezing (17.4%) and fever, sneezing, foaming at the mouth
(8.7%) (Table 4.3). From these findings we can come into conclusion that, goat infected
with Staphylococcus aureus may shows common clinical signs of fever and respiratory

distress like coughing, dyspnea and nasal discharge.

Table 4.3: Frequency distribution of symptoms of Staphylococcus aureus infection in

goats

Clinical signs and symptoms N %
Mild fever, nasal discharge, dyspnea and coughing 09 39.1
Fever, lethargy, dehydration, loss of appetite and parturition 08 248
history
Mild fever, dry nose and wheezing 04 17.4
Fever, sneezing, foaming at the mouth 02 8.7
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4.4.1.2. Univariate and multivariate association between Staphylococcus aureus and
selected variables

The prevalence of Staphylococcus aureus was 16.8% which was significantly highest in
females (P<0.01) whereas the lowest prevalence found among the males (3.7%).
Staphylococcus aureus was significantly more prevalent (33.3%) among the adult goats
(P<0.01) than that of young (9.8%) and juvenile (4.3%). In case of breed, the highest
prevalence (14.3%) of Staphylococcus aureus was found in the Jamnapari breed of goats
(P=0.02) whereas the prevalence was 7.1% in Cross breeds and 4% in Black Bengal
goats. Staphylococcus aureus was more prevalent (18.5%) in goats (P=0.09) with good
body condition score (BCS) compare to the fair and poor body condition scored goats.
Among fair and poor BCS goats were 9.8% and 4.3% prevalent respectively. (Table
4.4).

The significant variables (sex, breed and age; p<0.3) identified through univariate chi-
square analysis were forwarded to the logistic regression model. After adjustment of the
factors each other through the model, the odds of prevalence of Staphylococcus aureus
was significantly higher in good BCS (OR=3.6; Cl: 0.9-13.2, P=0.05) and fair BCS goats
(OR=2.4; CI: 0.6-8.6) than that of poor BCS goats. In case of sex, the OR of prevalence
were 2.6 times higher in females than the males. On the other hand, the OR of prevalence
was higher in adult (OR=6; CI: 1.5-24.5, P=0.01) and young (OR=1.8; CI: 0.5-6.9) than
that of juvenile goats (Table 4.4).
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Table 4.4: Frequency distribution of Staphylococcus aureus in goats

Staphylococcus aureus

Multiple logistic

regression
Variables Categories X
n (%) 95% CI t OR 95% CI P
test)
Summer (80) 11(13.7%) 7.1-23.3
Season i 0.42
Winter (120) 12 (10%)  5.3-16.8
Black Bengal(25) 1 (4%) 0.1-20.3 1
Breed Jamunapari (133) 19(14.3%) 8.8-21.4 0.02 16 0.2-142 0.67
Cross (42) 3 (7.1%) 1.5-19.5 15 0.1-181 0.71
Male (81) 3(3.7%) 0.7-104 1
Sex <0.01
Female (119) 20(16.8%) 10.6-24.7 26 06-109 0.20
Family (146) 15(10.3%) 5.8-16.4
Source 0.37
Farm (54) 8(14.8%) 6.6-27.1
Juvenile (0 days-
4 (4.3%) 1.2-10.6 1
1 year) (93)
Young (1 year- 2
Age 7(9.8%) 4.1-193 <001 18 05-69 0.39
years) (71)
Adult (> 2 years)
12(33.3%) 18.6-50.9 6 15-245 0.01
(36)
Poor -1 (69) 4 (5.8%) 1.6-14.2 1
BCS Fair-2 (77) 9(11.7%) 55-2121 009 24 0.6-86 0.8
Good-3 (54) 10(18.5%) 9.3-31.4 3.6 09-13.2 0.05
o Yes (14) 1(7.1%)  0.2-33.8
Vaccination 0.59
No (186) 22(11.8%) 7.6-17.4




4.4.1.3. Antimicrobial resistance pattern of Staphylococcus aureus in goats

To observe the antimicrobial resistance pattern, cultural sensitivity test was performed
against 10 different antimicrobials. Cefotaxime (74%) followed by Cefixime (65%),
Tetracycline (65%) and Penicillin (61%) showed the highest resistance against
Staphylococcus aureus in goats. On the other hand, Gentamycin (13%), Amoxicillin

(13%), and Ciprofloxacin (18%) showed the lowest resistance.

In case of the sensitivity of antimicrobials, Amoxicillin (48%), Ciprofloxacin (44%), and
Gentamicin (44%) were showing highest sensitivity whereas Cefixime (13%),
Cefotaxime (13%), Doxycycline (13%) and Tetracycline (13%) showed lowest sensitivity

among all drugs against Staphylococcus aureus infection in goats (Fig. 4.5).
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Figure 1.5: Antimicrobial resistance pattern of Staphylococcus aureus
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4.4.2. AMR and associated factors influencing Clostridium perfringens infection in

goat

4.4.2.1. Frequency of different clinical signs in Clostridium perfringens infected goat

Diarrhea, convulsion, abdominal pain and incordination (57.1%) were the most
frequently encountered clinical signs of Clostridium perfringens infection in goats. Other
commonly found signs presented by Clostridium perfringens infected fever, diarrhea and
convulsion (28.6%) and anorexia, diarrhea with blood and dehydration (14.3%), Table
4.5. From these findings we can say that, goat infected with Clostridium perfringens may
shows common clinical signs of fever, diarrhea and convulsion. Incordination and

abdominal pain may also found.

Table 4.5: Frequency distribution of symptoms of Clostridium perfringens infection

in goats

Clinical signs and symptoms N %
Diarrhea, convulsion, abdominal pain and incordination 04 57.1
Fever, diarrhea and convulsion 02 28.6
Anorexia, diarrhea with blood and dehydration 01 17.1

4.4.2.2. Univariate and multivariate association between Clostridium perfringens and
selected variables

In risk factor analysis, no significant differences were observed between summer and
winter season in prevalence of Clostridial infection in goat. However, the prevalence in
winter is somewhat higher (4.2% with ClI: 1.4-9.5) than summer (2.5% with ClI: 0.3-8.7).
Within 3 breeds, prevalence of Clostridium perfringens was significantly high in the
cross breeds (11.9%, 95% CI. 3.9-25.6, P<0.01) than that of Jamunapari and Black
Bengal. Male was most prevalent in Clostridium perfringens (7.4% with Cl: 2.8-15.4,
P=0.01) in comparison with females (0.8% with CI: 0.1-4.6). There was no significant

difference in age and BCS but a higher percentage of positive in juvenile (5.4% with CI:

35



1.8-12.1) than other age group and goat with poor BCS showed 4.3% prevalence of
Clostridium perfringens (Table 4.6).

Through the Logistic regression model, factors like breed, sex, season and age
influencing the prevalence of Clostridium perfringens infection were compared among
the same group. Prevalence was significantly higher (5 times) in cross breeds (OR=4.9,
Cl: 0.8-28.7, P=0.08), than Jamunapari and Black Bengal. In case of sex, male goats
(OR=5.6, CI: 0.6-54.1, P=0.13) was high on prevalence of Clostridium perfringens than
the females (Table 4.6).
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4.6: Frequency distribution of Clostridium perfringens in goats

Multiple logistic

Clostridium perfringens

) ) regression
Variables Categories X
X-
n (%) 95% CI OR 95% CI P
test)
Summer (80) 2 (2.5) 0.3-8.7
Season i 0.53
Winter (120) 5(4.2) 1.4-9.5
Black Bengal(25) 0 0
Breed Jamnapari (133) 2 (1.5%) 0.2-53 <001 1
Cross (42) 5(11.9%) 3.9-25.6 49 0.8-28.7 0.08
0 0.1-4.6 1
Sex Female (119) 1 (0.8%) 0.01
Male (81) 6 (7.4%) 2.8-154 56 0.6-54.1 0.13
Family (146 5(3.4% 1.1-7.8
Source y (146) ( ) 0.92
Farm (54) 2 (3.7%) 0.5-12.7
Juvenile (0 days-
5 (5.4%) 1.8-12.1
1 year) (93)
Young (1 year- 2
Age 2 (2.8%) 0.3-98 0.30
years) (71)
Adult (> 2 years
(> 2 years) 0 0
(36)
Poor-1 (69) 3(4.3%) 0.9-12.2
BCS Fair- 2 (77) 2 (2.6%) 03-91 084
Good-3 (54) 2(3.7%) 0.5-12.7
o Yes (14) 0 0
Vaccination 0.46
No (186) 7 (3.7%) 1.5-7.6
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4.4.2.3. Antimicrobial resistance pattern of Clostridium perfringens in goats

Like Staphylococcus aureus, antimicrobial resistance pattern was also investigated for

Clostridium perfringens. Present study revealed that, Amphicillin (71%), Gentamycin
(71%) followed by Amoxicillin (57.1%) and Ciprofloxacin (57.1%) were highly resistant

against Clostridium perfringens in goats. Whereas, Penicillin (14%), Tetracycline

(14.3%), and Cefotaxime (14%) showed lowest resistance against Clostridium

perfringens. Penicillin (57%), Cefotaxime (57%) followed by Tetracycline (43%) and

Cefixime (43%) were highly sensitive among all the tested antibiotics against

Clostridium perfringens. Gentamycin was found least sensitive among all the antibiotics

tested against this organism.
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Figure 2.6: Antimicrobial resistance pattern of Clostridium perfringens
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4.4.3. AMR and associated factors influencing Listeria monocytogenes infection in

goat

4.4.3.1. Frequency of different clinical signs in Listeria monocytogenes infected goat
In present study, only two cases of Listeria monocytogenes were identified out of 200
patients. In both the cases clinical signs were similar like fever, protrusion of tongue and
incordination. (Table 4.7)

Table 4.7: Frequency distribution of symptoms of Listeria monocytogenes infection
in goats

Clinical signs and symptoms N %

Fever, protrusion of tongue and incordination 02 100

4.4.3.2. Univariate association between Listeria monocytogenes and selected

variables

Association between Listeria monocytogenes and selected variables were measured to see
the relation of listeria infection with different risk factors. Due to the low prevalence
multiple logistic regressions was not possible. Prevalence of listeria infection found
higher in winter (1.7% with CI: 0.2-5.9) than that of summer. Prevalence of listeriosis is
significantly higher in farm animals (3.8% with CI: 0.4-13.2) compare to the animals that
come from family source. No other significant relation was found among other variables
(Table 4.8).
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Table 4.8: Frequency distribution of Listeria monocytogenes in goats of Chittagong

Listeria monocytogenes

Variables Categories .
n (%) 95% CI P (y -test)
Winter (120) 2 (1.7%) 0.2-5.9
Season 0.24
Summer (80) 0 -
Jamunapari (133) 2 (1.5%) 0.1-5.3
Breed Black bengal (25) 0 0.6
Cross (42) 0
Female (119) 0
Sex 0.08
Male (81) 2 (2.5%) 0.3-8.6
Farm (54) 2 (3.8%) 0.4-13.2
Source i 0.02
Family (146) 0
Juvenile (0 days-1
1(1.1%) 0.03-5.8
year) (93)
Young (1 year- 2
Age 1 (1.4%) 0.04-7.6 0.78
years) (71)
Adults (> 2 years) 0
(36)
Poor-1 (69) 2 (2.9%) 0.3-10.1
BCS Fair-2 (77) 0 0.15
Good-3 (54) 0
o Yes (14)
Vaccination 0.69
No (186) 2 (1.1%) 0.1-3.8
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4.4.3.3. Antimicrobial resistance pattern of Listeria monocytogenes in goats

AMR pattern of Listeria monocytogenes showed higher resistance against Amoxicillin
and Ampicillin (100%), followed by Doxycycline, Cefotaxime and Sulfamethoxazole
(50%). However, Penicillin and Cefixime (100%) showed highly sensitive against

Listeria monocytogenes in goats.
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Figure 3.3: Antimicrobial resistance pattern of Listeria monocytogenes
4.4.4. AMR and associated factors influencing Salmonella spp. infection in goat

4.4.4.1. Frequency of different clinical signs in Salmonella spp. infected goat

In case of salmonellosis in goat, fever, anorexia, dehydration and mucus in feces (36.6%)
were most prevalent clinical signs. Profuse watery foul smelling diarrhea, anorexia and
dehydration (29.3%) and high fever, lethargy and yellow to greenish-brown diarrhea
(17.1%) were also recorded. From these studies, we can say that, fever and diarrhea is
common in salmonella infected goat. Diarrhea could be different color with foul

smelling, blood may or may not be present (table 4.9).
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Table 4.9: Frequency distribution of symptoms of Salmonella spp. infection in goats

Clinical signs and symptoms N %
Fever, anorexia, dehydration and mucus in stool 15 36.6
Profuse, watery foul smelling diarrhea, anorexia and dehydration 12 29.3
High fever, lethargy and yellow to greenish-brown diarrhea 07 17.1
Mild fever and blood streaked diarrhea 04 9.7

Mild fever, lethargy, gaseous stomach and diarrhea 03 7.3

4.4.4.2. Univariate and multivariate association between Salmonella spp. and
selected variables

Significant differences in the prevalence of Salmonella spp. among the different breeds of
goats were determined (Table 4.10). Cross breeds (57.1%; 95%CI: 40.9-72.3) were
found to be significantly high prevalent to Salmonella spp. than Black Bengal (44%;
95%ClI: 24.4-65.1) and Jamunapari (4.5%; 95%CI: 1.7-9.6) breeds of goat. The
prevalence of Salmonella spp. was significantly higher (P=0.02) in goats with good BCS
(28.6%; 95%CI: 18.8-40%) than others. The goats from the family sources (23.9%) were
more prevalent than that of goats from farm (11.1%). In case of age, adult goats were
significantly more prevalent (27.8%; 95% CI: 14.2-45.2) than sub-adult and juvenile.
Although there was no significant difference, male was highly prevalent (23.5%) than

female.

The significant variables from univariate analysis (breed, source and BCS) were
transferred to the logistic regression model. The prevalence of Salmonella spp. was 27.3
times higher in cross breeds and 22.8 times higher in Black Bengal goats than the
Jamnapari. The odds of prevalence of Salmonella spp. was significantly higher in goats
with good BCS (OR=5.7, CI: 1.5-21.5, P=0.01) than the fair and poor BCS goats. The
prevalence of Salmonella spp. was 3.1 times higher in goats reared in family than the
goats reared in farms (Table 4.10).
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Table 4.10: Frequency distribution of Salmonella spp. in goats

Salmonella spp.

Multiple logistic

regression
Variables Categories 5
P (- 95%
n (%) 95% ClI OR
test) Cl
Winter (120) 21 (17.5%) 11.2-255 1
Season 0.19
Summer (80) 20 (25%) 15.9-35.9 18 0.7-44 024
Jamnapari (133) 6 (4.5%) 1.7-9.6 1
6.5-
Black bengal (25) 11 (44%) 24.4-65.1 22.8 <0.01
Breed <0.01 79.9
9.1-
Cross (42) 24 (57.1%) 40.9-72.3 27.3 818 <0.01
Female (119) 22 (18.5%) 11.9-26.6
Sex 0.39
Male (81) 19 (23.5%) 14.7-34.2
Farm (54) 6 (11.1%) 4.2-22.6 1
Source i 0.04
Family (146) 35(23.9%) 17.3-31.7 31 0995 0.05
Juvenile (0 days-1
18 (19.4%) 11.9-28.8
year) (93)
Young (1 year- 2
Age 13 (18.3%) 10.1-29.3 0.48
years) (71)
Adult (> 2 years)
10 (27.8%) 14.2-45.2
(36)
Poor-1 (54) 5(9.3%) 31203 1
Fair-2 (69) 14 (20.3%) 11.6-31.7 22 05-84 0.26
BCS 0.02 G
Poor-3 (77) 22 (28.6%) 18.8-40 5.7 ' 0.01
215
1.2-
o Yes (14) 7 (50%)  23.1-76.9 6 0.03
Vaccination <0.01 31.3
No (186) 34 (18.3%) 13-24.6 1
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4.4.4.3. Antimicrobial resistance pattern of Salmonella spp. in goats

In antimicrobial resistance and sensitivity test, Ampicillin (78%), Amoxicillin (59%), and
Penicillin (56%) were found to be highly resistance among all drugs whereas Cefotaxime
(12%) was lowest resistant to Salmonella spp. Ciprofloxacillin showed the highly
sensitive (54%) and Penicillin (2%) showed the least sensitive among all drugs.
Doxycycline (51%) showed moderately resistance against Salmonella spp. followed by
Gentamycin (42%) and Penicillin (42%).
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Figure 4.8: Antimicrobial resistance pattern of Salmonella spp.
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Chapter-5: Discussion

In developing country like Bangladesh, livestock plays an essential role in food security,
poverty alleviation and indeed a token of people’s livelihoods (Herrero et al., 2013).
However, its productivity is sometimes threatened by a number of infectious and
transboundary Animal diseases (TADSs). Infectious diseases of animals are causing major
economic losses of farmers inflicted by hampering production. Moreover, direct losses
result from death and from decreased production of food products, such as meat, milk and
eggs. Indirect losses include legislation of restriction in national and international
movement of animals and animal products. Furthermore, many infectious diseases are
zoonotic in nature which increases the significance of it both animal and human health.
Therefore, importance of rapid diagnosis became a key concern for the treatment,

prevention and control of these infectious diseases.

In the present study, confirm diagnosis of some infectious diseases having nonspecific
clinical signs like diarrhea and/or fever were done using rapid molecular diagnosis kit to
establish their diagnostic protocol in goat in SAQTVH, CVASU. These were
Staphylococcus aureus, Clostridium perfringens, Listeria monocytogenes, Salmonella
spp. Overall proportionate prevalence of Staphylococcus aureus infection in goats of
Chittagong Metropoliton area was found to be 11.5%. Similar study was conducted by
Zaman et al. (2018) in SAQTVH and reported as 14% prevalence of Staphylococcus
aureus in goat . Another group in other parts of Bangladesh reported somewhat higher
prevalence (26%) of Staphylococcus aureus (Momin et al., 2012). Researcher reported
variable results in other parts of the world such as 43.24% in China (Zhou et al., 2017),
44% in Egypt (Saleh et al., 2014), 39.7% in Nigeria (Gulani et al., 2016) and 30% in
West African dwarf goats (Emikpe et al., 2009). This variation may be due to different

geographical location and environmental condition.

The present study determined sex as a potential risk factor for Staphylococcus aureus
infection in goats (OR= 2.6, female versus male) which is coincide with the findings of
Zaman et al. (2018) in Bangladesh. However, this findings differs from an Nigerian

where the researchers find more prevalence of Staphylococcus aureus infection in males
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compare to the females (Gulani et al., 2016). This current study also identified age as a
significant risk factor (OR= 6, adult versus young and juveniles) which is also similar to

the previous findings (Zaman et al., 2018).

Different types of clinical signs were noticed in this study in case of Staphylococcus
aureus infection in goats. Common clinical signs encountered like mild fever, nasal
discharge, dyspnea and coughing whose are obvious as it causes respiratory infection.
These clinical signs also matches with findings reported in earlier report (Momin et al.,
2012). Staphylococcus aureus is also responsible for the sub-clinical mastitis in goats
where the clinical signs are limited (Mishra et al., 2018). This study also reported some
clinical signs like fever, lethargy, dehydration, loss of appetite in recently parturated

goats that may be due to sub-clinical mastitis.

The antimicrobial susceptibility test showed most of the S. aureus isolates were resistant
to a majority of antibiotics and the sensitivity rates below 40%, with exceptions of
Amoxicillin (48%), Ciprofloxacillin (44%) and Gentamycin (44%). S. aureus showed
relatively high resistance to Penicillin, Amphicillin, Tetracycline, Doxycycline, Cefixime
and Cefotaxime which is near to the resistance pattern of S. aureus isolated from sheep
and goat in Chaina and Spain (Porrero et al., 2012; Zhou et al., 2017). Present study
reveals Amoxicillin, Ciprofloxacin and Gentamycin relatively sensitive and Cefotaxime,
Tetracycline and Cefixime resistant against S. aureus which is similar to the findings
reported previously (Klimesova et al., 2017; Nathawat et al., 2013).

Clostridium perfringens toxinotypes are responsible for enterotoxemia in goat. In this
study, goat patient at SAQTVH from different regions of Chittagong Metropolitan area
were screened for the presence of C. perfringens type D. Our findings revealed that 7
(3.5%) out of 200 goats were positive for C. perfringens by PCR amplification. In
accordance with our study, a higher prevalence of C. perfringens in goats of India (60%)
and Pakistan (66.5%) has been recorded (Nazki et al., 2017). In this study, we spot sex as
a key risk factor for Clostridium perfringens in goats (OR= 5.6 male versus female)
which contradict to the findings of (Ajaz-ul-Hag et al., 2016) where they found more
prevalence (15%) in female than male goats. In case of age, this study recognize juvenile

and young goats are more susceptible to Clostridium perfringens infection than the adult
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goats which is supported by the findings previously reported (Ajaz-ul-Haq et al., 2016;
Radostits et al., 2007).

Most frequent clinical signs of Clostridium perfringens infected goats were diarrhea,
convulsion, abdominal pain and incordination which is supported by previous findings
where they observed neurological sign along with abdominal discomfort and diarrhea
(Uzal et al, 2016).

The beta-lactams are commonly used for the treatment of Clostridium perfringens
associated diseases. In our study we also found Clostridium perfringens as susceptible to
Penicillin (57%), which is in consistent with some previous findings (de Oliveira Junior
et al., 2016). Gentamycin (71%) and Ciprofloxacin (57%) found to be highly resistant
against Clostridium perfringens, which is similar to the finding were described earlier
(Osman & Elhariri, 2013).

Prevalence of listeriosis has not been well reported in goats of Bangladesh. Therefore, we
aimed to determine the prevalence of Listeria monocytogenes in goats. The overall
prevalence of L. monocytogenes in the present study was 1% which is similar to some of
the studies conducted at National and International levels where they recorded the
prevalence of Listeria monocytogenes in small ruminants is lower than other infectious
causes (KALENDER, 2003; Nath et al., 2014; Yadav & Roy, 2009). Studies from India
reported higher prevalence (16.66%) of Listeria monocytogenes in goats which may be
due to inadequate hygienic condition and low ambient temperature during the period of

sampling and processing (Hilal, 2016).

Due to the low prevalence it is difficult to identify the risk factors for Listeria
monocytogenes in goats. In this present study both the positive cases were found in
winter and in goats that were reared in farms where silage was supplied. This may be due
to the organism is more prevalent in winter and transmitted through silage (Fentahun &
Fresebehet, 2012). However, this is difficult to come into conclusion with this sample

size and identified case. Further study may necessary for detail report.

Clinical manifestations of invasive listeriosis in ruminants are usually severe. In this

study we found protrusion of tongue and incordination in listeria affected goats
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supporting the findings of encephalitic listeriosis in small ruminants (Campero et al.,
2002)

Antibiogram study of Listeria monocytogenes isolates exhibited highly sensitivity against
Penicillin and Cefixime and resistance against Amoxicillin and Amphicillin which
contradict with one study (Sarangi et al., 2012) but in consistent with another (Vaidya et
al., 2018) . Present study showed, Ciprofloxacin, Doxycycline, and Tetracycline are
intermediately sensitive whereas (Hilal, 2016) spot 100% sensitivity of Ciprofloxacin

against Listeria monocytogenes.

The overall prevalence rate of Salmonella spp in goats of Chittagong Metropolitan area
was recorded as 20.5% which is significant and should not be overlooked, because of the
public health significance and the possibility of dissemination of diseases in man, animals
and birds. The prevalence rate of Salmonella spp in goats of this study is near to the
findings of some other studies conducted in Bangladesh as well as in abroad (Ferede et
al., 2015; Sahaet al., 2014; Zaman et al., 2018). On the other hand, very low prevalence
(0.1%) in adult diarrheic goats was also reported (Mahmood et al., 2014).

This study recognized breed as a potential risk factor for the infection of salmonella in
goat (OR= 27.3, cross versus Jamnapari) and (OR= 22.8, Black Bengal versus
Jamnapari). High prevalence of Salmonella spp in Black Bengal and Cross breeds in
compare to Jamnapari was also identify previously (Zaman et al., 2018). In this study,
prevalence of Salmonella spp was somewhat higher in adult goats compare to the young
which is supported by Zaman et al. (2018) but in contrast to the findings of another study
(Saha et al., 2014) . This study also identified the source of animals as a potential risk
factor (OR= 3.1, familly versus farm), family livestock are much more susceptible to
salmonellosis due to poor hygienic management in the family compare to farm which is

similar to the findings previously reported (Chandra et al., 2006).

Salmonellosis is one of important disease that causes diarrhea in goats. Three common
conditions caused by Salmonella are gastroenteritis, enteric fever, and bacteremia. In this
study, fever, anorexia, dehydration and mucus in feces were most commonly encountered

in goat infected with salmonella but there were few other signs that were also observed.
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Clinical signs recorded in this study is accordance with signs mentioned by Blood and
Radostits (Radostits et al., 2007)

All the Salmonella isolates were tested against ten antibiotics of different groups. Highest
sensitivity of Ciprofloxacin indicates that fluoroquinolone still be the first choice of
salmonella infected patient. Chloramphenicol was also suggested as a drug of choice in
salmonellosis in goats (Chandra et al., 2006) . In this study Salmonellae isolates were
highly sensitive to Ciprofloxacin, Cefotaxime and Sulfamethoxazole, intermediately
sensitive against Gentamycin and Doxycycline and resistant against Penicillin,
Amoxicillin and Tetracycline which is close to the several findings reported in home and
abroad (Ferede et al., 2015; Saha et al.,, 2013).
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Chapter-6: Conclusion

Infectious diseases are important constraint for development of goat farming in
Bangladesh. In this study, overall prevalence of Staphylococcus aureus, Clostridium
perfringens, Listeria monocytogenes and Salmonella spp. In goat were recorded as
11.5%, 3.5%, 1% and 20.5%, respectively. Females were found to be more
susceptible to Staphylococcus aureus infection in goats than male. Male goats and
Cross breeds acted as potential risk factors and significantly higher contribution to
the occurrence of Clostridium perfringens infecton. Black Bengal and Cross breeds
along with family goats had significantly higher contribution to the occurrence of
salmonellosis in goats. Ciprofloxacin found sensitive against Staphylococcus aureus
(44%) and Salmonella spp. (54%) but resistant against Clostridium perfringens
(57%). Penicillin showed sensitive against Clostridium perfringens (57%) and
Lysteria monocytogenes (100%) infection in goats whereas resistant against
Staphylococcus aureus (62%) and Salmonella spp. (56%). Amoxicillin was highly
sensitive against Staphylococcus aureus (48%) and resistant against Salmonella spp.
(59%). So we can say that, rapid diagnostic methods like multiplex PCR were
effective for confirmation of specific pathogens from goats showing non-specific
clinical signs. This present study also able to identify some potential risk factors
responsible for those disease and antimicrobials that were effective against those

organisms.
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Chapter-7: Recommendation

Due to time and resource limitation we conducted the study in small scale. In
future the study can be conducted involving higher sample size.

The current study proposes some common signs for the diagnosis of
staphylococcosis, clostridiosis, listeriosis and salmonelosis in goats which is

based on the molecular detection of organisms.
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Annex-|

Questionnaire for collecting relevant data from goat having fever and/or diarrhea

Case Reg No: Date: ...... [eeeees [eveveronnn
a. Species:
b. Age: o Neonate o Juvenile o Sub o Ad
adult ult
c. Sex: o Male o Female o Castrate
d. Source of o Family livestock o Farm
patient
e. Vaccination o Yes o No
f. Deworming o Yes o No

g. Isthis animal suffered from any other disease(s) in last 6 months?

o Yes o No
h. If yes, what kind of disease(s)?
o Viral o Bacterial o Parasitic o Others

i. Isthis animal treated with any antibiotic in last 6 months?

o Yes o No

J. Duration of ongoing infection?

o

k. Clinical sign(s) of ongoing infection?
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0O O O O O

I. System affected due to ongoing infection?
o Digestive o Respiratory o Circulatory
o Uro-genital o Integumentary o Others

m. Tentative diagnosis of ongoing infection?
@)

n. Antimicrobials Used for the treatment of ongoing infection?

o
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