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Summary 

Antimicrobial resistance (AMR) is currently one of the greatest challenges to the global 

health. The prevalence of resistant microbes in wildlife are poorly understood.  Bats are 

a diverse and highly mobile taxon that often lives in close proximity to people and 

livestock. Bats use of shared environments may contribute to their exposure to AMR 

enteric pathogens. The identification of zoonotic and anthropozoonotic agents carried 

by bats is critical for understanding the ecology of zoonotic pathogens. A cross-

sectional study was conducted to determine the epidemiology of AMR in Salmonella 

spp., Staphylococcus spp. and Escherichia coli (E. coli) isolated from bats and test the 

hypothesis that drinking behavior of bats may result in their infection with AMR 

bacteria. We collected fecal samples (N=369) from free-ranging bats and 21 water 

samples from different water bodies in Dhaka city between December 2016 and June 

2017. Pre-enrichment was done in buffered peptone water for Salmonella spp. & E. coli 

and in Mueller Hinton broth for Staphylococcus spp. Samples were cultured on 

selective media; biochemical test and PCR were done to confirm bacterial isolates. 

Culture sensitivity test was determined using Kirby-Bauer disc diffusion technique of 

12 antibiotics for each organism on selective media. Overall prevalence of Salmonella 

spp., Staphylococcus spp and E. coli in Pteropus medius & Rousettus leschenaulti bats 

was found 10.04-2.86%, 19.65-40.71% & 31.85-25.71%, respectively. Analysis 

showed 7.32% (27/369; 95% CI: 5-11) of fecal samples of bats positive for resistant 

Salmonella spp., 26.29% (97/369; 95% CI: 22-31) for resistant Staphylococcus spp. and 

E. coli resistant to 28.18% (104/369; 95% CI: 24-33). Around 4% (n=21, 95 % CI: 18-

62) of water samples were positive for Salmonella spp. The final multivariate model 

revealed that odds of having resistant Staphylococcus spp. and E. coli were significantly 

higher in Faridpur (OR=3.1; CI: 2-6, P=0.00) and Dhaka (OR=2.3; CI: 1-5, P=0.03), 

compared than other locations. In case of Salmonella spp., prevalence was significantly 

higher in summer season (OR=8.9; CI: 4-24, P=0.00). Results of the present study 

exposed that all isolates had developed resistance to multiple antibiotics. Salmonella 

spp. were resistant to Tetracycline (93%), Sulphamethoxazoal-Trimethoprime (80%), 

Azithromycin (76%), Chloramphenicol (62%), Amoxicillin-Clavulanic acid (42%) & 

Cefotaxime (41%). Staphylococcus sp. showed high resistance to Ampicillin (55%) and 

Methicillin, Oxacillin, Streptomycin & Tigecycline (by 12% on average). E. coli 

showed resistance against Cefepime (16%) followed by Ampicillin (13%). 
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Furthermore, water samples showed remarkable resistance to Tetracycline (86%), 

Amoxicillin-Clavulanic acid (75%), Ceftriaxone (72%), Ciprofloxacin (71%) followed 

by Chloramphenicol (57%) & Sulphamethoxazoal-Trimethoprime (58%). The study 

results indicate presence of AMR Salmonella spp., Staphylococcus spp. and E.coli in 

bats. It is unclear how bats were infected with AMR bacteria, however water 

contaminated by people and/or livestock may be a source of infection. Screening people 

and livestock for similar resistant bacterial species will improve our understanding of 

pathogen transmission among wildlife, livestock and people interface. 

                                                                                                                                               

Keywords: Antibiotics, Bat, Escherichia coli, Prevalence, Resistance, Salmonella spp., 

Staphylococcus spp, Water 
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Chapter-1: Introduction 

1.1 Antimicrobial resistance 

For many decades, antimicrobial resistance (AMR) has been regarded as a serious 

clinical and public health problem. Antibiotics used for clinical, veterinary and 

agricultural practices acting as the driving force for the emergence and persistence of 

acquired resistance (Thaller et al., 2010). AMR has been considered by world health 

organization (WHO) as one of the top health challenges facing the 21st century 

(Marshall and Levy, 2011; Fair and Tor, 2014). Now a days, multi drug resistant 

bacteria is very common and is a great danger for livestock and human health (Mølbak, 

2004; Spellberg et al., 2016). Currently, AMR is a not a native problem rather than 

global concern, as resistant microbiota are spreading either locally and/or globally 

through shared environment. South-east Asian countries are considered as the 

epicenters of AMR, particularly regions like Bangladesh due to their high population 

density (Okeke et al., 2005; Kang and Song, 2013). Moreover, in developing countries, 

most of the time animal owners treat their animals by themselves and/or local doctor or 

quack and are not aware about using various antimicrobial drugs through registered 

veterinarian or doctor. Unfortunately, in developing countries, antibiotics are widely 

used in livestock, growing fish farming and poultry farming for growth promotion and 

disease prevention (Mellon et al., 2001; Roess et al., 2013). In general, antimicrobials 

are used widely for the treatment of infectious diseases which has got the potential of 

transferring resistant bacteria and its factors from animals to humans (Stanton, 2013). 

World Health Organization (WHO) has reported a very high rate of multidrug-

resistance (MDR) bacterial genes in many important and common bacteria such as Non 

typhoidal Salmonella, Neisseria gonorrhoeae, Klebsiella pneumonia, Staphylococcus 

aureus, Enterococcus spp and Escherichia coli (WHO, 2014; Chang et al., 2015). 

Almost all capable infectious agents have already attained high levels of drug resistance 

with higher morbidity and mortality and thus, are referred as “super bugs.” (Tanwar et 

al., 2014). 

Several studies were conducted on AMR in agricultural settings and animal agriculture 

is hypothesized to be a dominant source of AMR. One study reported that application 

of compost fertilizer to agricultural soil led to an outgrowth in AMR, even though the 

animals that produced the manure had not been treated with antibiotics (Udikovic-Kolic 
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et al., 2014). The manure fertilization allowed for enrichment of inhabitant soil bacteria 

that harbored AMR elements and representing AMR source. The dispersal of resistant 

genes in natural environments can challenge the population dynamics and natural 

microbial populations. The effect of antibiotic resistant gene and resistant bacteria that 

are released from anthropogenic sources, along with the disproportionate use of 

antibiotics in both human and veterinary settings, is currently considered to be a serious 

ecological and environmental hazard. Antibiotics from both urban and agricultural 

sources persist in soil and aquatic environments and the selective pressure imposed by 

these compounds may affect the human diseases as well as wildlife (Allen et al., 2010; 

D’Costa et al., 2011). 

Bats (family Pteropodidae) are a highly diverse and mobile taxon that often live in 

close proximity to water bodies and are observed roosting in botanical gardens, cities, 

villages human residences; agricultural land and habitat selection is highly dependent 

on availability of food resources (synanthropic) (Chakravarthy et al., 2009; Krystufek, 

2009). As tropical landscapes become increasingly human-dominated, conflicts 

between people and wildlife, threaten ecological processes (urban, rural) and play as an 

important bio-indicator of ecosystem health. According to Hahn et al. (2014), 2–17% 

of Bangladesh's land area is suitable roosting habitat for bats. The bat species Pteropus 

medius and Rousettus leschenaulti are grouped under the Megachiroptera (suborder) 

and widely distributed in Bangladesh. The bat is found partial in the forest of Sundarban 

as well as near the human habitation having green space (Srinivasulu et al., 2010). The 

prime habitat of bat in urban area is formation of colony in old temple, remote house, 

thatched building or in banana of Fiscus tree (Khan, 2001; Cleveland, 2009). The bat 

often eat fresh fruits like banana, manago, guyava, papaya, Monkey Jack (Artocarpus 

lacucha), Cotton tree (Bombax ceiba), Indian rose chestnut (Mesua ferrea), Indian Fig 

(Ficus racemosa) which also are recognized as human food. Although the IUCN deems 

it as a species of ‘Least Concern’, the population trend is decreasing (Thapa, 2014). A 

total of 138 species of mammals were evaluated during the existing IUCN Red List 

process of which 127 species are found in the country and 11 species were extinct.  

1.2 Justification of the study  

Bat populations are in constant threat in many parts of the country due to habitat 

destruction caused by urbanization or deforestation, roost disturbance, bush meat 
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hunting, competition for food and medicinal use, biomedical research and over hunting 

(Streicker and Allgeier, 2016). 

Bats can be unwillingly dangerous to humans. They are natural reservoir of wide range 

of pathogens including virus and bacteria and others (Wood et al., 2012) (Calisher et 

al., 2006). Several of zoonotic pathogens have been detected in bat faeces, therefore 

might be a likely source of zoonosis (Mühldorfer, 2013). However, they are close with 

anthropogenic inhabitance which has increased the chance of emerging and reemerging 

infections (Wong et al., 2007).The relationship between bats and humans is closer in 

over populated country such as Bangladesh (Epstein et al., 2010). In recent periods 

special attention has been given on these airborne mammals as vector of zoonotic 

pathogens such as Rabies virus, Ebola virus, Nipah virus, Marburg virus, or coronavirus 

(Luis et al., 2013; Plowright et al., 2015; Allocati et al., 2016). In recent survey on 

flying foxes, antibodies to leptospirosis, and bacteria were found 11% in renal tissue 

and 39% in urine of individuals and Bartonella found 35% in faeces (Cox et al., 2005; 

Bai et al., 2017). Bats are prevalent in urban areas and come in close interaction with 

both native animals and humans, contaminating houses with urine and faeces and also, 

humans sporadically invade into bat habitats.  Because bats are important contributors 

to ecological processes and transmission of microorganisms within the colony and 

directly or indirectly to humans (Hayman et al., 2013), it is important to screen and 

recognize bats and their related microbiota. 

High inter and intraspecific interaction rates can facilitate rapid transmission of resistant 

microorganisms through direct and/or indirect contact of several species and large 

population sizes could rapidly disseminate resistant bacteria or resistant gene. Though 

bats are highly mobile and ecologically diverse with a varieties of feeding habitats, peri 

domestic behaviors, roosting in houses and other buildings, as well as trees in dense 

rural areas, lead to frequent human contact with bat excreta (O’Shea et al., 2011; 

Plowright et al., 2011). Microbial transmission within bat colonies is promoted by the 

behavior of several species of these mammals aggregating in crowded roosts. The close 

association of bat colonies with highly urbanized environments represents a possibly 

significant health risk, with faecal deposits between human and bat populations. Direct 

and/or indirect disease transmission, through consumption and contact with 

contaminated water supplies, fruit, crops, forage or soil with their feces, and/or areas 
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irrigated by these supplies can also transmit resistant bacteria and gene (Henry et al., 

2018). 

In Bangladesh, bats live nearby human surroundings in several locations of Dhaka, 

Faridpur and Madaripur. Conflict can arise when bats roost in human residences, 

raiding of fruit and householders are affected adversely by their presence. It causes 

many adverse effects, including damage to forage or crops and properties, damages of 

water quality, destruction of habitats, injuries to people, livestock, and wildlife. A 

recent study on bats in Bangladeshi villages found 11% of bat roost near their homes, 

65% reported seeing bats flying over their households at dusk, 31% seeing bats inside 

their compounds or courtyard areas, 20% of at least daily exposure to bats, having 

physical contact with bat urine (1%), faeces (2%) or large-bodied fruit bat placentas 

(0.3%), disposal of death bats in local bodies of water (Openshaw et al., 2017). Inspite 

of the threat to human health, human–bat conflicts occur habitually and are driven by 

complex environmental, ecological, social and economic factors (Wood et al., 2012). 

Widespread range of wild animal both from captivity and free range showed evidence 

of antibiotic resistant bacterial infection by different researcher. Antimicrobial 

resistance has been detected in fecal bacteria from a variety of wild animals, including 

birds, reptiles, mammals, and fish, throughout the world (Sayah et al., 2005). Presence 

of selected genera containing potentially zoonotic species and AMR genes were 

isolated from bats in different countries (Nowak et al., 2017). The prevalence of 

Salmonella spp; Campylobacter jejuni and Clostridium perfringens respectively, was 

20%, 19.3-44% & 98% in free roaming bats (Hatta et al., 2016; Vengust et al., 2018). 

A study in Germany reported 17% investigated bat dies due to opportunistic type 

bacterial diseases Pasteurella spp., and Shigella flexneri were identified 7% and 3% in 

bats. Bacterial pathogens like Salmonella enterica serovars Typhimurium, S. Enteritidis 

and Yersinia pseudo tuberculosis were identified almost 12% of affected bats (Rózalska 

et al., 1998; Mühldorfer et al., 2011). Leptospira is a vector born pathogenic in both 

humans and animals and bacterial detection rates was 11% in kidney, 39% urine 

samples and 18-28% sero prevalence was found in Native flying fox (Smythe et al., 

2002; Cox et al., 2005). AMR microorganisms were isolated from bats of Africa and 

Bangladesh previously (Ngoa et al., 2012; Olalekan et al., 2012; Aiken et al., 2014; 

Schaumburg et al., 2015; Islam et al., 2016).  
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With regard to wide range of migration and flying close to the human settlement, the 

identification of anthropozoonotic and zoonotic agents carried by bats is serious for 

understanding the ecology of zoonotic pathogens. Though there are some study has 

been conducted on antibiotic resistance in production animal, no study yet has been 

conducted in any free ranging wild animal in Bangladesh except Hasan et al. (2012). 

So, this study aimed to demonstrate the current status of antimicrobial resistance and 

its pattern in Salmonella, Staphylococcus and E. coli in free ranging bats in human, 

wildlife and livestock interface in Bangladesh and develop hypothesis that close contact 

with human, drinking behavior of bats etc. may result in their infection with 

antimicrobial resistant bacteria.  

1.3 Objectives of the study 

i. To estimate the prevalence of Salmonella spp., Staphylococcus spp. and 

Escherichia coli in bats in Bangladesh. 

ii. To determining the antimicrobial resistance pattern of Salmonella, 

Staphylococcus spp and E. coli isolates from free ranging bats in human, 

wildlife and livestock interface in Bangladesh.  

iii. To evaluate the current status of presence of resistant bacteria in water bodies 

used by humans and bats 

 

 

 

 

 

 

 

 

 



 

Page | 6  
 

Chapter-2: Review Literature 

Relevant literature on antimicrobial drug uses, antimicrobial resistance, prevalence, 

consequences and/or impacts and diagnostic techniques have thoroughly been reviewed 

in this chapter. The main purpose of this chapter is to provide up-to-date scientific 

information based on previous studies and to identify knowledge gaps and justify the 

present Eco-epidemiological Master’s research on Antimicrobial resistance in bats. 

Google Scholar, Research Gate and PubMed were used to search literature. The 

relevant findings of published and unpublished articles have been presented under the 

following headings as below.   

2.1 Order: Chiroptera   

Bats (Chiroptera) are the second most diverse group of small mammals after rodentia. 

Approximately, 1100 species of living bats make up around 20% of all known living 

mammalian species (Mickleburgh et al., 2002; Eick et al., 2005). Bats are found 

throughout the world in tropical and temperate habitats but they are absent in polar 

region and in some isolated islands (Hutson and Mickleburgh, 2001; Schipper et al., 

2008). In some tropical areas, there are more species of bats than of all other kinds of 

mammals combined. Over 200 species fruit bats are considerable ecological and 

economic importance. Bats play a pivotal role as pollinations, bio indicator, pest 

controlling agents, seed dispersal and maintenance of tropical forest tree diversity and 

regeneration (Calisher et al., 2006; Goveas et al., 2006; Muscarella and Fleming, 2007; 

Seltzer et al., 2013). The distribution of bats is largely dependent on the spatial and 

temporal variation of their food resources. Bats of this species feed on both wild and 

cultivated fruits including guava, lychee, banana, and papaya (Tang et al., 2008). The 

fruit bats can cover a 50 km of distance in search of food and water at a single night 

(Wilson and Reeder, 2005; Mahmood-ul-Hassan and Nameer, 2006).  

2.1.1 Status of Bats in South-east Asia Subcontinent  

A total of 128 species of bats are reported from South Asia, with the microchiropteran 

being better represented than the megachiroptera (115 vs 13 species). Among the 

Microchiroptera large number of species are from the family Vespertilionidae, followed 

by the families Rhinolophidae, Hipposideridae, Molossidae, and Megadermatidae. The 

Megachiroptera (consisting of a single family, the Pteropodidae or Old World fruit 

bats) Family Pteropodidae is comprised of 42 genera are found throughout the Old 
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World tropics and sub-tropics from Africa through southern Asia to Australia and on 

islands in the Indian and western Pacific Oceans (Simmons, 2005). Of this diversity, 10 

species, namely, Pteropus medius (Pteropodidae), Pteropus melanotus (Pteropodidae), 

Latidens salimalii (Pteropodidae), Rhinolophus cognatus (Rhinolophidae), 

Rhinolophus mitratus (Rhinolophidae), Hipposideros durgadasi (Hipposideridae), 

Hipposideros hypophyllus (Hipposideridae), Myotis csorbai (Vespertilionidae), 

Eptesicus tatei and Harpiola grisea (Vespertilionidae) are endemic to the region. 

Family wise percent endemicity is greatest in Pteropodidae (21.4 species) followed by 

Hipposideridae (13.3 species), Rhinolophidae (11.7 species) and Vespertilionidae (4.8 

species).  

Apart from India fruit bats is also distributed in Bangladesh, Bhutan, China, Maldives, 

Myanmar, Nepal, Pakistan and Sri Lanka (Molur et al., 2012). The global recognized 

number of taxa now exceeds 1100 (Simmons, 2005). Most recent and obsolete review 

of the bats in the Indian subcontinent, has obtained with 119 species of bats belonging 

to eight families and 37 genera (Bates and Harrison, 2000). A total of 189 species are 

listed in Lower Risk categories, 62 are Near Threatened, 29 species are Data Deficient 

and 128 are Least Concerned (Hutson and Mickleburgh, 2001). In Pakistan, one species 

of bat is Endangered, four are Vulnerable, nine are Near Threatened, eighteen are Least 

Concerned, seven are Data Deficient and one is Not Evaluated (Walker and Molur, 

2003; Mahmood-ul-Hassan and Nameer, 2006). In Nepal, Bats are the least known 

groups with 60 species being Data Deficient. In Bangladesh, 125 species of a mammals 

have been reported from the country (IUCN, 2000) and about 31 species of bats listed 

from Bangladesh (Khan, 1982). 

Among the countries representing South Asia, India has more than 90% of the total bat 

diversity of this region, while others have less than 50% diversity. Bhutan has 51%, 

Nepal has 40%, Pakistan has 33%, Bangladesh has 29%, Afghanistan has 28%, Sri 

Lanka has 23% and Maldives has 2% of the total bat diversity of South Asia 

(Srinivasulu et al., 2010). 

 2.2 History of Antimicrobials Development 

The discovery of antibiotics more than 70 years ago initiated a period of drug 

innovation and implementation in human and animal health and agriculture. These 

discoveries were tempered in all cases by the emergence of resistant microbes (Wright, 
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2007; Livermore, 2009). History told that in 1619 malaria was treated by the juice of 

“sacred bark” (quinine), extracts of the quina-quina bark to treat fever and dysentery 

caused by amoebas treated by emetine root (Achan et al., 2011). Besides this, many 

drugs were discovered from many uncommon sources such as wound, sewage, chicken 

throat, wet wall of Paris etc. bacteria isolated those could produce antibiotics (Garrod 

and O'Grady, 1971). Here they report targeted metagenomics analyses of rigorously 

genuine ancient DNA from 30,000-year-old Beringian permafrost sediments and the 

identification of a highly diverse collection of genes encoding resistance to β-lactam, 

tetracycline and glycopeptide antibiotics. Structure and function studies on the 

complete vancomycin resistance element VanA confirmed its similarity to modern 

variations. Antimicrobial activity seems present in a number of other herbs used in 

traditional Chinese medicine (TCM) (Wong et al., 2010) and the discovery of active 

components in these ancient remedies may enrich the arsenal of antimicrobials used by 

the conventional medicine. At the same time, selective pressures obligatory by these 

antimicrobial activities during the long-term history of TCM may have been one of the 

factors contributing to the accumulation of antibiotic resistant genes in human 

populations. 

A variety of microorganisms were elucidated to cause infectious diseases in the latter 

half of the 19th century. Later in 1904, Ehrlich and Shiga detected that trypanrot (red 

dye) was effective against trypanosomes (Mitsuhashi, 1993). The first antimicrobial 

agent in the world was salvarsan, a remedy against spirochetes and therefore, was 

an effective cure for syphilis (Finch et al., 2010) that was synthesized by Ehrlich in 

1910. In 1928, Fleming discovered penicillin. He found that the growth of 

Staphylococcus aureus was inhibited in a zone surrounding a contaminated blue mold 

(a fungus from the Penicillium genus) in culture dishes, a microorganism would 

produce substances that could inhibit the growth of other microorganisms and used as 

a clinical & therapeutic in the 1940s (Chain et al., 1940). Penicillin, in terms of safety 

and efficacy, led in the era of antimicrobial chemotherapy by saving the lives of many 

wounded soldiers during World War II (Finch et al., 2010). In 1935, sulfonamides were 

developed by Domagk and other researchers. These drugs were made by synthetic 

compounds and had limitations in terms of safety and efficacy. In Bayer Company, two 

scientists named Klarer and Mietzsch produced Prontosil red in 1932, which is a red 

dye constrained to a sulfonamide group. In 1935, Domagk observed that infection with 
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hemolytic streptococci was relieved by Prontosil red and Pseudomonas aeruginosa 

(pyocyanase) was used as a cure of wound (Garrod and O'Grady, 1971). But it was very 

unfortunate for Bayer, There was no antibacterial activity by Prontosil red in vitro. 

Later, many companies started to produce sulfanilamide and developed the molecule to 

increase the performance with the addition to reduce the side effects and to increase 

spectrum of action. In 1939, Rene Dubos become the first scientist to discovered 

Gramicidin, which is still used today to treat skin infection (Zhang, 2007). In 1944, 

streptomycin, an aminoglycoside antibiotic, was obtained from the soil bacterium 

Streptomyces griseous. Thereafter, Chloramphenicol, tetracycline, Macrolide, and 

Vancomycin (e.g., glycopeptide) were discovered from soil bacteria. The synthesized 

antimicrobial agent was obtained in 1962, which is nalidixic acid, a quinolone 

antimicrobial drug (Saga and Yamaguchi, 2009). Other two classes of synthetic 

antibiotics successful in clinical use were the quinolones, such as ciprofloxacin, and 

oxazolidinones, such as linezolid (Walsh, 2003). With the times, antibiotics of this class 

such as ciprofloxacin, norfloxacin, enrofloxacin, and Ofloxacin have become more 

popular for the treatment in both human medicine and veterinary medicine (Mitsuhashi, 

1993). 

Later the 1960's, there have been developed and chemical modifications of existing 

drugs. Those modifications were very useful in treating infectious diseases, leading to 

enhanced killing of pathogens, increased spectrum of action, reduced toxicity, and side 

effects. Inappropriately, since the 1970's, only a new class of antibiotics has been 

introduced (Lipsitch et al., 2002). A recent trend in antibiotic therapy is to apply drugs 

with different mechanisms of action with combinations of altered drugs, in order to 

increase their effectiveness & overcome of resistance. 

2.2 History of Antimicrobial resistance  

In the recent years, the microorganisms which are resistant to antibiotics are highly 

alarming in both human and animals. Since, the discovery of new antibiotics, researcher 

began to find out microorganisms that are resistant to new drugs. There are lots of 

evidence of presence of resistant microorganisms in nature but those microorganisms 

are not present in human (Hughes and Datta, 1983). The traces of tetracycline, have 

been found in human skeletal remnants from ancient Sudanese Nubia dating back to 

350–550 CE. The dissemination of tetracycline in bones is only reasonable after 
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exposure to tetracycline-containing materials in the diet of these ancient people (Bassett 

et al., 1980; Nelson et al., 2010). In the case of streptomycin, in 1944 it was introduced 

for the treatment of tuberculosis (TB; “The Great White Plague”), a mutant strains 

of Mycobacterium tuberculosis resistant to therapeutic concentrations of the antibiotic 

was found during patient treatment (Davies and Davies, 2010). After invention, 

penicillin became much popular to use as treatment and a research showed that 

Staphylococcus aureus resistance in hospitals was 14% in 1946 to 38% in 1947 and 

today about 90% resistance in hospital cases.  

All over the world, penicillin and ampicillin together found resistant to Staphylococcus 

aureus is about 80% (O'Brien, 1987). After the end of World War II, sulfonamides were 

used very commonly for the treatment of Shigella infections in Japan but it was resistant 

to about 80% by the year of 1952 (Clewell, 2001). In 1959, Japanese found Shigella 

species were resistance to streptomycin, tetracycline, Sulphonamides, and 

chloramphenicol due to plasmid, which carried different antibiotics resistance genes 

(Zhang, 2007). Staphylococcus aureus is the resistant bacterium most familiar in the 

clinical setting. This bacterium rapidly developed resistance to sulfonamides when they 

were in use. Penicillin was initially effective against this microbe, but resistant strains 

that produce penicillinase increased in the 1950s. Therefore, penicillinase-stable 

methicillin was developed in 1960. Then the following year, 1961, methicillin-resistant 

S. aureus (MRSA) was isolated in the UK (Jevons, 1961). Although penicillin-resistant 

S. pneumoniae (PRSP) strains found in the latter half of the 1970s. In Japan, PRSP was 

found in the 1980s (Saga and Yamaguchi, 2009). After that Japanese started to shift to 

streptomycin, tetracycline, and chloramphenicol, as a results Shigella became multi-

drugs resistance quickly (Falkow, 1975). Ampicillin was initially effective for 

Haemophilus influenza. However, in the 1980s, some of this species were found to 

produce -lactamase, thereby becoming resistant to ampicillin. In the 1990s, such β-

lactamase-producing strains decreased in Japan, however, strains that acquired highly 

resistance to -lactam through mutations in penicillin-binding protein (PBP) genes. The 

antibiotic resistance is so complex and difficult, due to increased demand of animal 

protein in developing countries, irrational use of antibiotics both in the clinical and 

agriculture settings, highly increase of population in both developed and developing 

countries, and low socioeconomic status, poor sanitation and hygienic status, as well as 
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that zoonotic bacterial pathogens are not regularly cultured, and their resistance to 

commonly used antibiotics are scarcely investigated. 

2.3 Enteric Bacteria 

 

Enteric bacteria have consistently threatened human health and have posed significant 

public health threats. John Snow, who is widely considered to be the father of 

epidemiology, identified and mitigated the now famous Broad Street Pump cholera 

epidemic of 1854. Since then, we have made tremendous advancements in molecular 

epidemiology, with the help of pulse-field gel electrophoresis, restriction fragment 

length polymorphisms, multi-locus sequence typing, and more. With these 

advancements, epidemiologists no longer merely identify and mitigate outbreaks 

caused by enteric bacteria, such as Salmonella spp., Staphylococcus spp and 

Escherichia coli, but they can also identify asymptomatic individuals and prevent 

outbreaks from occurring. And yet, enteric disease outbreaks remain central topics in 

public health.  

The term “Enteric Bacteria” is generally used in reference to bacteria of the Family 

“Enterobacteriaceae”, many members of which reside in the intestinal tract flora in a 

wide variety of animals and also humans, these intestinal bacteria can be easily 

disseminated in different ecosystems though water, soil, food and other media (Skurnik 

et al., 2006). Examples of enteric bacteria relevant to this research are reviewed below. 

2.4 Salmonella spp: zoonotic significance and pattern of resistant 

Salmonella is a genus gram-negative, facultative aerobic, rod-shaped, non-spore 

forming, motile bacteria and peritrichous flagella. Salmonella are found worldwide in 

all warm blooded animals and its surrounding environment. They are natural inhabitant 

in the gastrointestinal tract of many animals, including birds, livestock, and humans. 

They are facultative intracellular pathogens, which transfer microorganism’s human to 

human (anthropozoonosis) and human to animal (zooanthroponosis). They have the 

ability to survive in water, food, and soil for a long time (Angulo et al., 2000). Typhoid 

fever is a deathly disease, many peoples have died in early ages. A recent report from 

the Centers for Disease Control and Prevention suggested nearly half (46%) of 

foodborne illnesses (Painter et al., 2013). Present days 16.6 million cases found a year 

all over the world, in developed countries the incidence decreased remarkably but in 
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developing countries the huge number of deaths around 0.6 million (Shanahan et al., 

2000). Asia is the main hotspot of S. typhi, a research said that about 30-40% blood 

culture from the hospital is Salmonella typhi in the part of Asia (McCormick, 1998). 

Although actual data on human Salmonella in South Asia are limited, a hospital-based 

surveillance from 1996–2011 shows that 1.3% diarrheal patients in Bangladesh are 

suffering from non typhoidal salmonella (NTS) and 2.46% patient from typhoidal 

salmonella (TS) (Leung et al., 2013). 

Salmonellosis is a main reason of gastroenteritis in both humans & animals as well as 

global bacterial disease of public health concern and economic importance in industrial 

livestock (Brenner et al., 2000; Foley and Lynne, 2008). Wild animal and livestock 

species are considered as an important reservoir of human-pathogenic Salmonella 

serotypes (Sanchez et al., 2002; Tizard, 2004). However, wild animals and many 

domestic animals are colonized by Salmonella, harbouring the bacteria in their 

gastrointestinal tracts without apparent clinical signs (Sanchez et al., 2002). A variety 

of different Salmonella serotypes have been isolated from apparently healthy and 

diseased bats (Table 2.2). Almost all of them are serotypes with a broad-host range 

(Hoelzer et al., 2011). In particular, Salmonella Enteritidis and Salmonella 

Typhimurium have been frequently recognized, which belong to a small group of 

Salmonella serotypes mainly related with disease in animals and human (Sanchez et al., 

2002; Foley and Lynne, 2008). Both serotypes have been isolated from organ tissues of 

three individual bats of the family Vespertilionidae that were found dead or severely 

injured near human residence (Mühldorfer et al., 2011). Histo-pathologic investigation 

revealed inflammatory lesions in several organs of these bats, including interstitial 

pneumonia and purulent meningitis. Other non typhoidal Salmonella serotypes have 

been isolated only once from the intestine of bats. Among these, Salmonella serotypes 

Anatum, Blockley, Rubislaw, Saintpaul and Sandiego are widespread in companion 

animals and livestock of medical importance to humans (Hoelzer et al., 2011; CDC, 

2013). However, Salmonella Caracas and Salmonella landoff have rarely been 

identified from human salmonellosis cases (CDC, 2013). In contrast to broad-host-

range Salmonella serotypes found in bats, Salmonella Typhi is the causative agent of 

typhoid fever and almost exclusively associated with disease in humans (Uzzau et al., 

2000). Interestingly, this serotype was isolated from heart blood, internal organs and 

bile of 58 Pteropus rufus from Madagascar (Brygoo et al., 1971), which again provide 
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some evidence for systemic bacterial infection possibly was induced by capture and 

handling of bats inapparently infected with Salmonella Typhi. 

Antibiotic resistant Enterobacteriaceae is reported in Chimpanzees in Uganda 

transmitted from human in semi captive condition. Gastrointestinal bacterial 

transmission with resistant properties also documented in Tanzania and UK (Nizeyi et 

al., 1999; Lilly et al., 2002; Garcês et al., 2017). The prevalence Salmonella on rodents 

in different landscape was found 6%, 7.3%, 10%, 16.2% & 32% in worldwide (Seguin 

et al., 1986; Henzler and Opitz, 1992; Hilton et al., 2002). The frequency of isolation 

of 3.4% for Campylobacter spp. found in the African country, 18% prevalence reported 

for rats trapped in France and 57.4% for black rats in Portugal (Cabrita et al., 1992; 

Henzler and Opitz, 1992).The prevalence of Salmonella spp; Campylobacter jejuni and 

Clostridium perfringens respectively, was 20%, 19.3-44% & 98% in free roaming bats 

(Hatta et al., 2016; Vengust et al., 2018). Bacterial pathogens like Salmonella enterica 

serovar Typhimurium, and S. Enteritidis were identified almost 12% of affected bats 

(Rózalska et al., 1998; Mühldorfer et al., 2011). Daffner., (2001) conducted a study in 

UK to determine the prevalence of Salmonella in Vespertilionidae bat and reported 

1.36% from blood samples of heart. Antibiotic resistant Salmonella spp, reported at 

overall 8% in captive zoo of South Africa (Mitsuhashi, 1993). The frequency of 

resistance to the 9 antimicrobial agents tested was 75% for Salmonella, 85.7% 

of Campylobacter spp. (Nkogwe et al., 2011). The prevalence of resistance to 

antimicrobial agents among Salmonella was reported as 57.1% found in fruit-eating 

bats at the Emperor Valley Zoo in Trinidad (Gopee et al., 2000b). According to (Reyes 

et al., 2011) conducted a study to detect the Salmonella in Pteropoid bat in Philippines 

in both PCR assay and conventional method. The prevalence of Salmonella spp was 

recorded at 4.3% in PCR assay and 9.4% in conventional culture assay. Other study on 

different species of bats (Souza et al., 1999; Mühldorfer et al., 2011) were recorded 

17% and 34% Salmonella infection, respectively. 

Since 1989 outbreak of resistant Salmonella typhi occurred in developing counties of 

south-east Asia especially in Pakistan and India. Strains of S. typhi were mainly 

resistant to chloramphenicol, ampicillin, and trimethoprim; also other antibiotics such 

as streptomycin, sulfonamides, and tetracycline (Rowe et al., 1997). In between 1990 

to 1992, 236 isolates of Salmonella typhi were identified in Bangladesh and resistant to 
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ampicillin (66.5%), co-trimoxazole (72.9%), chloramphenicol (78.8%), tetracycline 

(58.5%) and nalidixic acid (14%) (Azad et al., 2013). 

2.5 Staphylococcus spp.: zoonotic significance and pattern of resistant 

Staphylococcus spp is the normal flora associated with skin, glands and mucous 

membranes of warm-blooded animals (mammals and birds), and recent studies have 

indicated that animals could be a source of Staphylococcus spp infections in humans 

(Van Cleef et al., 2011; Mediavilla et al., 2012). They are occasionally found in the 

intestinal, genitourinary, and upper respiratory tracts of these hosts. They have also 

been isolated from animal products, and other sources such as soil, sand, seawater, fresh 

water, dust and air. It is an opportunistic, adaptable pathogen with abilities to persist 

and multiply in a several of environments and has a wide variety of diseases (Cucarella 

et al., 2004). In human, Staphylococcus aureus is a common bacterium found on the 

skin and nasal passages of healthy people. About 25- 40% of the population is colonized 

with Staphylococcus spp. It is also a common cause of skin and soft tissue infections 

(Francois et al., 2005) and sometimes causes severe disease such as pneumonia, 

bacteremia, meningitis, sepsis, and pericarditis and food poisoning (Von Eiff et al., 

2001; Gao and Stewart, 2004). In animals, Staphylococcus spp bacteria isolated and 

identified as an important opportunist that can cause superficial to life threatening 

illness in a variety of animal (White et al., 2003). Staphylococcus aureus is a bacterium 

of significant importance because of its capacity to adapt to diverse environmental 

forms showing multiple antibacterial resistant patterns. It might be resistant to other β-

lactam and methicillin antimicrobials and are referred to as methicillin-resistant 

Staphylococcus aureus (MRSA). MRSA are recognized as a variety of bacteria that is 

resistant to certain antibiotics including methicillin, penicillin, oxacillin, amoxicillin 

(Wichelhaus et al., 1997). In developed countries, humans and domestic animals are an 

important reservoir for methicillin resistant Staphylococcus aureus (MRSA) infections 

in free living wildlife (Graveland et al., 2011). Thus, MRSA remained of great concern 

in both human and veterinary medicine (Saleha and Zunita, 2010). Free-living small 

mammals may also be a source of potential pathogenic staphylococci in natural 

environment. Humans and livestock can become infected with pathogens by contact 

with infected small mammals (Pacha et al., 1987; Ahlm et al., 1997). Numerous studies 

have been published on the characterization of staphylococci isolated from various 
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animals but there is little known about the distribution of staphylococci of certain wild 

small mammals. 

In the Asian region, 74 MRSA strains were identified from 12 countries and all MRSA 

strains were resistant to penicillin and gentamycin. Other antibiotics were resistant in 

very high level, amoxicillin-clavulanic acid (96%), cefuroxime (85%), clarithromycin 

(85%), ciprofloxacin (84%), 50% was to trimethoprim-sulfamethoxazole (Ko et al., 

2005). A study of antibiotic susceptibility testing in 2006 to 2007 in Mymensingh, 

Bangladesh presented that Staphylococcus aureus of MRSA strains were 100% 

resistant to penicillin, oxacillin, cloxacillin and amoxicillin. A latest study on 

hospitalized patient showed that from a total number of 209 Staphylococcus aureus 

were isolated of which 64 (30.6%) isolates were Methicillin-resistant; among which 36 

(56.2%) isolates were MDR. The isolates were resistant to Amoxicillin, Tetracycline, 

Ciprofloxacin, Gentamycin, Erythromycin, and Trimethoprim-sulfamethoxazole 

(Ghasemian et al., 2014). A recent study on human wound infection showed that, from 

a total of 40 isolates of Staphylococcus spp. were found 100% resistant to Penicillin 

and approximately 75% of them were found to be  resistant  to Methicillin, Oxacillin, 

Azithromycin, Ciprofloxacin, and Tetracycline and almost 45% isolates exhibited 

resistance to Amikacin, Chloramphenicol, Gentamycin, and Tobramycin (Hassan et al., 

2015). About, 26 out of 29 strains of Staphylococcus aureus were resistant to penicillin 

G and 75% of isolates were resistant to azithromycin, ciprofloxacin, methicillin, 

oxacillin, and tetracycline. Nearly 65% of isolates revealed resistance to erythromycin, 

and trimethoprim–sulfamethoxazole. Around 65% of isolates exhibited resistance to 

erythromycin, and trimethoprim/ sulfamethoxazole (Hasan et al., 2016). A previous 

study on Cockroach (Periplaneta americana) sample captured from Bangladesh shows 

that the overall prevalence of Staphylococcus spp was 38%. Higher prevalence of 

Staphylococcus spp. was seen among the cockroaches from the restaurant 49.3% and 

household 26.7%. The prevalence of resistance Staphylococcus spp. was found to 68% 

to Penicillin followed by 60% to Erythromycin, 46% to Oxacillin and 31% were 

resistance to Clindamycin (Islam et al., 2016). 

The prevalence of resistance rates of Staphylococcus spp was found 89.5% to penicillin 

and 5.3% to Cefoxitin from Côte d’Ivoire. The resistance rates in urban populations 

was found 95% to penicillin and 3% to methicillin in Gabon, 8% resistance to 

methicillin, 3.7% to penicillin & clindamycin, while 5.6% and 7.5% isolates were 
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resistant to ciprofloxacin and erythromycin, respectively in Nigeria, and penicillin was 

resistance to 69.8% & methicillin was resistance to 7% in Kenya (Akobi et al., 2012; 

Ateba Ngoa et al., 2012; Aiken et al., 2014; Schaumburg et al., 2014). The antibiotic 

resistance analysis of selected isolates revealed high prevalence of tetracycline, 

erythromycin, and chloramphenicol resistance (in about 80 %, 100 %, and 60 % of 

isolates, resp.) in Staphylococcus spp. of European bats (Vandžurová et al., 2013). 

2.6 Escherichia coli: zoonotic significance and pattern of resistant  

Escherichia coli is the most prevalent enteric bacteria, belongs to the large bacterial 

family, Enterobacteriaceae, which are facultative anaerobic Gram-negative bacteria 

(Sørum and Sunde, 2001). Escherichia coli is one of the primary intestinal commensal 

organisms found in warm-blooded animal (endothermic) and it is widely disseminated 

in the different ecosystem.  There are two broad types of E. coli, the E. coli strains that 

are harmless commensals of the intestinal tract and others that are major pathogens of 

human and animals. The pathogenic E. coli strains are divided into those causing 

disease inside the intestinal tract and others capable of infection at extra-intestinal sites 

(De Sousa, 2006). Besides commensal strains, the species E. coli comprises several 

zoonotic pathovars causing intra- and extra intestinal diseases in humans and animals, 

such as diarrhoea, septicemia, urinary tract infections or meningitis (Kaper et al., 2004; 

Tenaillon et al., 2010). While much is known about the prevalence and pathogenic 

potential of E. coli in humans and food-producing animals, concern has been raised 

about the potential impact of antibiotic-resistant bacteria on public health (Gilliver et 

al., 1999; Adesiyun et al., 2009), little is known about E. coli in wildlife. Few studies 

revealed mainly commensal strains in captive wild animals (Adesiyun and Downes, 

1999; Baldy-Chudzik et al., 2008), whereas others reported zoonotic and potentially 

extra intestinal pathogenic E. coli (ExPEC) strains originating from wildlife, indicating 

that wildlife might serve as a source or reservoir of virulent Escherichia coli strains 

(Ewers et al., 2009; Guenther et al., 2012). Attention has also been focused on the fact 

that antibiotic-resistant E.coli has been detected from wild animals that have not been 

exposed to artificial drugs (Piddock, 1996; Costa et al., 2008). For this reason, fecal E. 

coli is considered to be an important indicator for the selective pressure exerted by the 

use of antimicrobials on intestinal populations of bacteria (Van den Bogaard and 

Stobberingh, 2000). However, some strains are identified as pathogenic E. coli by their 

ability to possess specific virulence factors and specific toxin-encoding genes (Nataro 
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and Kaper, 1998). E. coli include the production of one or more shiga toxin (Mead and 

Griffin, 1998). Zoonotic pathogens Enterohemorrhagic E. coli are associated with 

severe human illness such as hemolytic uremic syndrome, hemorrhagic colitis, and 

thrombocytopenic thrombotic purpura (Caprioli et al., 2005). E. coli was first 

recognized as a pathogen in 1982 during an outbreak of hemorrhagic colitis caused by 

the consumption of undercooked meat in Oregon and Michigan (Riley et al., 1983) 

Ground beef, cattle and other bovine sources have been identified as the main natural 

reservoir for E. coli. Other animals such as swine in the United State also harboured 

potentially pathogenic E. coli (Feder et al., 2003).  Birds and rodents have also been 

reported to harbour E. coli. (Wallace et al., 1997) reported the isolation of E. coli from 

wild birds in Morecambe Bay and Lancaster, UK which implicated that wild bird can 

serve as potential vectors for the dissemination of E. coli.  

As bats provide a considerable protein source for people in many countries of the World 

(Mickleburgh et al., 2009; Kamins et al., 2011; Vora et al., 2014) including Bangladesh, 

it would be highly desirable to get more insight into the prevalence and genetic 

background of E. coli from these animals. Another important aspect is that wild animals 

have increasingly been recognized as carriers and putative distributors of antimicrobial 

resistant E. coli (Gilliver et al., 1999; Guenther et al., 2011; Radhouani et al., 2014). 

Indeed, bats have been shown to harbour AMR E. coli, demonstrating that they can be 

considered an important pool for genetic material of bacteria (Souza et al., 1999; Gopee 

et al., 2000a; Oluduro, 2012). In contrast, little is known about bats as carriers of 

pathogenic bacteria because only a few authors have investigated enteric bacteria, 

including E. coli, in bats (Chaverri, 2006; Oluduro, 2012). Escherichia coli is a 

commensal bacterium found in the intestine of mammals and birds, with a higher 

prevalence reported in herbivores and omnivores compared with carnivores, 

marsupials, and bats (Gordon and Cowling, 2003). Information concerning the 

prevalence of E. coli in bats is scarce. Previous research has shown that only a low 

proportion of bats are carrying E. coli, which could be due to the lack of a cecum and, 

thus, microbial fermentation in these animals (Gordon and Cowling, 2003). However, 

E. coli has been reported as the cause of urinary tract infection in Vespertilionidae bats 

(Mühldorfer, 2013). 

Prevalence of antimicrobial-resistant E. coli has been shown to be widespread among 

geographic locations and animal species (Gilliver et al., 1999; Osterblad et al., 2001). 
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In mammalian wildlife that are free-ranging, 58% were positive for E. coli, for wildlife 

kept on private farms and at the zoo, the prevalence of E. coli in faecal materials was 

88.2% and 88.1%, respectively (Adesiyun, 1999; Gopee et al., 2000a). A study 

conducted on rodents near the pig farm in the found prevalence of E. coli was 24.95-

83.8% in Canada & Africa (Nkogwe et al., 2011; Jardine et al., 2012). The prevalence 

of E.coli in bats were as to be found as 12.6% in India (Banskar et al., 2016), 16.3% in 

Okinawa Island, Japan (Obi et al., 2014), and 9.6% in European free tailed-bats 

Portugal (Garcês et al., 2017). According to Literak et al., 2010 were conducted a study 

in Small terrestrial mammals (Rodentia, Insectivora) in a suburban and forest 

environment and were recorded an average of 57.4% E coli in free ranging wild animal. 

Hasan et al., 2012 also reported a higher prevalence of 73.3% of E coli in wild birds 

from Bangladesh. Van Dongen et al., 2013 describe isolated E. coli from variety of 

different species at the rate of 9-61%. Isolation of E coli in wild rodents and rats ranges 

from 20-65% (Adesiyun, 1999; Jardine et al., 2012), wild birds ranges from 13%-47% 

(Cernicchiaro et al., 2012; Veldman et al., 2013). A higher prevalence of 72.4% E coli 

infection was reported in urban free ranging wild animal in Australia (Caprioli et al., 

2005), Canada (Cole et al., 2005), New Zealand (Corn et al., 2005) and United States 

of America (Eggert et al., 2013) by different earlier study. On the other hand, relatively 

lower prevalence of E coli infection in free ranging wild animal of less disturbed 

landscape of forest and urban area also reported by different authors. An average of 

12% E coli infection was found in Spain in rural rodents while 47.4% recoded in urban 

area close to human settlement (Skurnik et al., 2006). The overall occurrence rates of 

E. coli among these hosts were 14%, 17% and 54% for bats, birds and rodents, 

respectively (Bilung et al., 2014). The frequency of tetracycline resistance E. coli in the 

poultry farm in Bangladesh reported as 70 100% and about 77-100% to amoxicillin. A 

British study which found that 97% of E. coli isolates from wild animal species (bank 

voles and wood mice) were resistant to amoxicillin-clavulanate (Jardine et al., 2012). 

Amongst Escherichia coli isolates, resistance was 18.1% to tetracycline, 15.8% to 

ampicillin and chloramphenicol was resistance to 8.2% and lower prevalence were 

recorded to cephalothin (0.0%), streptomycin (0.0%), and gentamicin (3.5%) in free 

roaming wild animals (Nkogwe et al., 2011). The prevalence of E.coli isolates resistant 

strains was comparatively high 61% to Erythromycin, 16.3% in tetracycline and 26.5-

27% in streptomycin but lower to sulphamethoxazole/trimethoprim and gentamycin in 

free living bats (Adeshina et al., 2009).  
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2.7 Mechanisms of antimicrobial resistance 

Prior to the 1990s, the problem of antimicrobial resistance was never taken to be such 

a threat to the management of infectious diseases. But gradually treatment failures were 

increasingly being seen in health care settings against first-line drugs and second-line 

drugs or more. Microorganisms were increasingly becoming resistant to ensure their 

survival against the arsenal of antimicrobial agents to which they were being 

bombarded. They achieved this through different means but primarily based on the 

chemical structure of the antimicrobial agent and the mechanisms through which the 

agents acted. The resistance mechanisms therefore depend on which specific pathways 

are inhibited by the drugs and the alternative ways available for those pathways that the 

organisms can modify to get a way around in order to survive (WHO, 2014).  

Antimicrobial agents act selectively on vital microbial functions with minimal effects 

or without affecting host functions. Different antimicrobial agents act in different ways. 

The understanding of these mechanisms as well as the chemical nature of the 

antimicrobial agents is crucial in the understanding of the ways how resistance against 

them develops. Based on the mode of action of different antimicrobials, antibiotics can 

be classified as several major groups. Antimicrobial resistance in different 

microorganisms can be caused by variety of mechanisms (i) the presence of an enzyme 

that inactivates the antimicrobial agent; (ii) the presence of an alternative enzyme for 

the enzyme that is inhibited by the antimicrobial agent; (iii) a mutation in the 

antimicrobial agent’s target, which reduces the binding of the antimicrobial agent; (iv) 

posttranscriptional or post- translational modification of the antimicrobial agent’s 

target, which reduces binding of the antimicrobial agent; (v) reduced uptake of the 

antimicrobial agent; (vi) active efflux of the antimicrobial agent; and (vii) 

overproduction of the target of the antimicrobial agent. In addition, resistance may be 

caused by a previously unrecognized mechanism. On the other hand, a gene which is 

not expressed in vitro may be expressed in vivo (Langton et al., 2005; Toma and Deyno, 

2015). 

Some common acquired resistance mechanisms can occur through various ways are 

given below: 

1. Acquisition of chromosomal mutations: Mutation is a heritable change in the 

sequence of the DNA occurring due to errors during DNA replication (Snyder 
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et al., 2013).The frequencies of chromosomal mutations leading to antibiotic 

resistance depend on the specific antibiotic. For example, mutation frequencies 

are high for compounds like Nalidixic acid, Rifampicin, and Streptomycin, low 

for Erythromycin and are not known to occur for Vancomycin and Polymyxin-

B. For antibiotics like Streptomycin, a single mutation can determine a 1000-

fold increase in the resistance levels (Makovec and Ruegg, 2003). In contrast, 

for other drugs, the acquisition of resistance is a gradual, step-wise process in 

which different mutations are involved (Baquero, 2001). 

2. Acquisition by horizontal gene transfer: Horizontal gene transfer is the 

relocation of genetic material from one bacterial cell (donor) to another 

(recipient). Such a transfer may occur directly by physical contact or indirectly, 

using the surrounding medium or bacteriophage as vectors (Guardabassi and 

Dalsgaard, 2002). Bacterial transfer of antibiotic resistance has been 

demonstrated to occur in various natural habitats, including water, sediment, 

soil, plants and animals (Davison, 1999). The DNA transferred from the donor 

to the recipient may be contained in mobile genetic elements called plasmids, 

structures of circular DNA that reproduce independently from the chromosome 

(Lin and Biyela, 2005). Functions that are of importance under particular 

conditions, such as antibiotic resistance, heavy metal resistance, metabolic 

functions, or production of antibiotics, toxins and virulence factors (Snyder et 

al., 2013). 

3. Intracellular migration of resistance genes: Antibiotic resistance genes can 

migrate from one site to another on the bacterial genome using small vectors 

called “transposons” and “integrons”. These genetic elements containing 

antibiotic resistance genes are able to move between different sites of the 

bacterial genome without any requirement of DNA homology. This process is 

known as non-homologous recombination and differs from the normal process 

of genetic recombination, which requires a high degree of DNA homology (Cox 

and Wright, 2013). Both transposons and integrons make it possible for new 

antibiotic resistance genes to be acquired by plasmids and subsequently spread 

in the bacterial population by mechanisms of horizontal gene transfer, as 

suggested by the frequent recovery of these genetic elements as part of broad 

host plasmids (Frost et al., 2005; Bennett, 2008). 
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Some common antibiotics which are being used in both human and veterinary treatment 

and mode of action along with the method of getting resistance are described in Table 

2.1. 

TABLE 2.1: Antimicrobials Agents with Modes of Action and Resistance 

Mechanisms of commonly used Antibiotics against Microbes: 

Antimicrobial Types Mode of Action Resistance (s) Mechanism  

β-Lactams: 

Penicillin, Ampicillin, 

Cephalosporin 

Peptidoglycan 

Biosynthesis 

Hydrolysis, efflux, altered target 

Aminoglycosides:  

Gentamicin, Neomycin, 

Streptomycin, kanamycin 

Translation Phosphorylation, acetylation, 

nucleotidylation, efflux, altered 

target 

Glycopeptides: 

Vancomycin, Teicoplanin 

Peptidoglycan 

Biosynthesis 

Reprogramming peptidoglycan 

biosynthesis 

Tetracyclines: 

Tetracyclines, 

Minocycline, Tigecycline 

Translation Monooxygenation, efflux, altered 

target 

Macrolides: 

Erythromycin, 

Azithromycin 

Translation Hydrolysis, glycosylation, 

phosphorylation, efflux, altered 

target 

Lincosomides: 

Clindamycin 

Translation Nucleotidylation, efflux, altered 

target 

Streptogramins: 

Synercid 

Translation C-O lyase, acetylation, efflux, 

altered 

Oxazolidones: Linezolid Translation  Efflux, altered target 

Phenicols: 

Chloramphenicol 

Translation  Acetylation, efflux, altered target 

Quinolones: 

Ciprofloxacin 

DNA replication  Acetylation, efflux, altered target 

Pyrimidines: 

Trimethoprim 

C1 metabolism  Efflux, altered target 

Sulfonamides: 

Sulfamethoxazole 

C1 metabolism Efflux, altered target 

Rifamycins: Rifampin Transcription ADP-ribosylation, efflux, altered 

target 

Lipopeptides: 

Daptomycin 

Cell membrane Altered target 

Cationic peptides: 

Colistin 

Cell membrane Altered target, efflux 
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2.8 Environment Sources of Resistance   

The environment is the melting pot of antimicrobial resistance. In recent years, 

antibiotic-resistant bacteria have been isolated from virtually every environment on 

earth. Recent research points to the environment as an important component for the 

transmission of resistant bacteria and in the emergence of resistant pathogens. 

Numerous authors have emphasized the need to take on a holistic outlook on antibiotic 

resistance, including humans, animals and environment through one-health approach 

(Collignon, 2015; So et al., 2015). Concern over resistance was originally confined to 

the acquisition of resistance by microorganisms which cause epidemic disease and was 

an issue only with respect to clinically isolated strains. Although, transmission of 

resistant genetic materials to pathogens from environmental bacteria, which occupy 

other habitats & often less phylogenetically associated and environmental stressors may 

induce horizontal gene transfer to and from human pathogens in environmental settings. 

Over the past years, the role of the environment as an important source and 

dissemination route of resistance has been increasingly recognized (Bondarczuk et al., 

2016). Bacteria typically not associated with the human microbiota may have the 

chance to interact with human-associated species in several settings. Sole possibility is 

that environmental bacteria can be rapidly present in the human microbiome, after 

interaction with wild animals, intake of raw food, or drinking contaminated water (De 

Boeck et al., 2012; Ghaly et al., 2017). Resistance determinants between the wild 

environments present a critical threat to both human and animal health. Wildlife 

populations those living in closer vicinity to humans have higher levels of antibiotic 

resistance than those wild populations with virtually no contact with humans or 

anthropogenic disturbance (Osterblad et al., 2001). Wild birds and domestic animals 

living close to humans are also known to port bacteria carrying resistance genes, and 

may contribute to spreading those genes across huge areas (Bonnedahl et al., 2009; 

Stedt et al., 2015). In addition, global food trade has been contributing to distribute 

resistant pathogenic bacteria around the world; for example, the German Shiga-toxin 

producing Escherichia coli (O104:H4) outbreak in 2011 (Buchholz et al., 2011). 

Environments facilitating dissemination of resistant bacteria also enable spread of non-

resistant human pathogens, and generally also opportunistic pathogens. Thus, 

Environments facilitating dissemination of resistant bacteria also assist spread of non-

resistant human pathogens, and also opportunistic pathogens. Allowing human-
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associated bacteria to use environmental bacterial populations as reservoirs for 

resistance genes that can later be engaged into the human-associated resistoms 

(Baquero et al., 2008; Martínez, 2008). Therefore, wastewater treatment plants, sewage, 

farm land, water bodies & travel, also air-borne aerosols, dust, and food inhabited by 

bacteria, are significant vectors allowing bacterial transmission between hosts & 

environment  (Pal et al., 2016; Bengtsson-Palme, 2017). Domestic animals frequently 

drink such surface water either treated or untreated and may subsequently spread 

resistant bacteria to humans. There is evidence for resistance genes transfer among 

diverse organisms such as strains of Bacteroides, Clostridium 

perfringens, Streptococcus pneumoniae, and Enterococcus faecalis (Shoemaker et al., 

2001). Opportunistic pathogens frequently flourishing in soil, for 

example Ochrobactrum intermedium  Stenotrophomonas maltophilia, and 

Burkholderia cepacia, (Berg et al., 2005; Johnning et al., 2013), may be in between 

organisms that can act as recipients of resistance genes from human-associated bacteria 

and which could transfer those genetic factor back at an future or even infected humans 

themselves. Agricultural use of manure and treated sewage for fertilizer, leakage from 

waste storage facilities can also be strengthening this issue (Sarmah et al., 2006). In 

Southeast Asia large amounts of antibiotics are used for human medicine, as a growth 

promoters in livestock farming, aquaculture and antibiotics are released into the 

environment. Thus, antibiotic resistance genes are widely disseminated and that 

resistant genes can persist uniformly in the absence of a positive selection pressure 

(Martínez, 2012). Natural environments and, in particular, wild animals represent 

reservoirs of antibiotic resistance genes (Radhouani et al., 2012).  

2.8 Spread of resistance bacteria among environmental   

In recent years, antibiotic-resistant bacteria have been isolated from virtually every 

environment on earth. Antibiotic resistance is not only found in pathogenic bacteria but 

also in environmental organisms occupying terrestrial and aquatic habitats. The 

occurrence of resistant bacteria in nature may have originated from antibiotic producing 

organisms, however some cases the mechanisms and genes protecting these organisms 

from the antibiotics they produce are similar to those responsible for resistance in 

clinical isolates (Davies and Davies, 2010). Although resistant organisms can be found 

naturally in the environment, most resistance is associated with man-made impacts of 

some type, either agricultural or direct human impact. Antibiotic use in humans can 
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lead to resistance in the environment via discharge of domestic sewage, hospital 

wastewater, and/or industrial pollution. In addition, antibiotics are added to animal feed 

to treat infections, as prophylactics, and in sub-therapeutic doses as growth promoters. 

However, higher numbers of resistant bacteria occur in polluted habitats compared with 

unpolluted habitats, indicating that humans have contributed substantially to the 

increased proportion of resistant bacteria occurring in the environment (Pathak et al., 

1993). Possible mechanisms by which humans enhance the spread of antibiotic 

resistance among environmental bacteria include the deliberate or accidental 

introduction of antibiotics, resistant bacteria and resistance genes into the environment. 

The main risk for public health is that resistant genes are transferred from 

environmental bacteria to human pathogens. The ability of resistant bacteria and 

resistant genes to move from one ecosystem to another is documented by the various 

cases in which transmission of resistant bacteria has been demonstrated between 

animals and humans. The inclusion of certain growth promoters in animal feed has been 

recognized as a cause for the selection of resistant genes in the commensal microflora 

of animals and their transmission to humans via the food chain (Marshall and Levy, 

2011). Similarly, drinking and bathing water could represent a source for the acquisition 

of resistant bacteria in humans. The ecological consequences associated with the 

dissemination of resistant bacteria in the environment have been scarcely investigated. 

However, it appears evident that environmental contamination with antibiotics, 

resistant bacteria and resistant genes affects the biodiversity of natural ecosystems. 

Antibiotics are likely to determine a reduction in the levels of microbial diversity by 

the suppression of susceptible organisms, including bacteria, fungi, protozoa and algae. 

Resistant bacteria and genetic elements could find favorable conditions to become 

predominant in habitats contaminated by antibiotics, thereby, altering the original 

composition of natural microbial communities (Muthaiyan et al., 2011). Once resistant 

organisms are spread into the environment, they pose a health risk if they colonize or 

spread resistance genes to bacteria that colonize humans. 

2.9 Present status of antimicrobial resistant in Bats 

Recently, bats receiving growing consideration in infectious disease studies, because of 

their well familiar status as reservoir species for many transmissible agents. This is even 

more important, as bats with their capability of long distance dispersion and complex 

social structures are unique in the way microbes could be spread by these small fruit 
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bats species. However, AMR studies in bats are predominantly limited to the 

identification of specific pathogens presenting a potential health threat to humans. But 

the effect of AMR patterns on the individual host and their importance is largely 

unknown and has been neglected in most studies published to date. Antibacterial 

resistance is now a greatest challenge for the human for the consistent uses of antibiotics 

inappropriately. It is now a major concern in case of common livestock (cattle, sheep, 

goat and buffalo). In spite of a number of researches on AMR in humans and livestock 

are most common but in small fruit bats are rare. In Germany, 42 different bacterial 

genera with more than 53 bacterial species were identified; predominant bacteria 

isolated were Enterococcus faecalis (14.7%), Hafnia alvei (11.2%), Serratia 

liquefaciens (10%), and Pasteurella multocida (7.7%). Primary bacterial pathogens like 

Salmonella enterica serovars Typhimurium, Salmonella Enteritidis and Yersinia 

pseudotuberculosis were identified almost 12% of bats (Mühldorfer et al., 2011). In 

Brazil, Salmonella spp. in bats, ranging from 2.6% to 9.1% have been previously 

reported (Cassel-Beraud and Richard, 1988). Leptospira act as a vector born pathogen 

in both humans and animals and bacterial detection rates was 11% in kidney, 39% urine 

samples and 18-28% sero prevalence was found in Native flying fox of Australia 

(Smythe et al., 2002; Cox et al., 2005). Campylobacter jejuni and C. coli isolate from 

rectal swab of fruit bats, were found in 17 out of 631 fecal samples, in 14 different bat 

species from diverse habitats of Netherlands (Hazeleger et al., 2018). A total of 88 

Megachiroptera, the identification of 66 families and 103 genera. The predominant 

families and genera were Clostridiaceae (69.5%), Campylobacteraceae (24.2%) and 

Enterobacteriaceae (5.1%) and Clostridium (65.7%) & Campylobacter (24.2%), 

respectively. The identification of 170 species and more predominant species were 

Clostridium butyricum (21.0%) and Campylobacter coli (19.3%) (Hatta et al., 2016). 

In total, 34 potential pathogens, representing 15 genera, isolate from Victoria, Australia 

were found Enterobacteriaceae (62.8%), Pasteurellaceae (19.9%) and Moraxellaceae 

(9.4%) dominate in flying fox faeces (Henry et al., 2018). In Nigeria, A total of 250 

fecal samples were collected and 53 isolates were identified as S. aureus (n = 28), S. 

schweitzeri (n = 11) and S. argenteus (n = 14). Only one S. aureus was resistant to 

penicillin and another isolate was intermediately susceptible to tetracycline (Olatimehin 

et al., 2018). In routine microbiological examination, a methicillin-resistant 

Staphylococcus aureus (MRSA) was isolated from an infected wound of a bat in 

Germany (Walther et al., 2006). From Gabon, colonization rates of S. aureus (4–6%) 
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and S. schweitzeri (4%) in 2 out of 4 species of fruit bats, namely Rousettus aegyptiacus 

and Micropteropus pusillus (Held et al., 2017). From January 2008 to February 2010, 

about 107 Staphylococcus aureus isolates were recovered from 560 faecal samples from 

different roosting sites of Africa. Molecular characterization of 70 isolates showed that 

65 (92.9%) were assigned to coagulase type VI, while gene typing classified 69 isolates 

into the following: type I (17.1%), type II (4.3%), type III (1.4%) and 75.7% type IV. 

About 3.7% isolates were resistant to clindamycin & penicillin, while six (5.6%) and 

eight (7.4%) isolates were resistant to ciprofloxacin and erythromycin, respectively 

(Akobi et al., 2012). In Portugal, E. coli isolates were recovered from 14 of 146 faecal 

samples (9.6%) and a total of 19 isolates were completely recognize ESBL producing. 

The beta-lactamase genes detected were blaCTX-M-1 (57.9%) and blaCTX-M-3 

(36.8%), followed by blaSHV (31.6%), blaTEM (21.1%), blaOXA (10.5%) and 

blaCTX-M-9 (10.5%). Among isolates resistance genes studied, tet (A) and tet (B) were 

predominant and fimA was the main virulence factor detected (Garcês et al., 2017). 

Enteropathogens in bats from Trinidad was found antimicrobial resistance in E. coli 

against streptomycin (26.5%) and tetracycline (16.3%) with 8% of bacterial strains 

resistant to both antimicrobial agents and neomycin 15%, ampicillin 46% and 

streptomycin 100% (Adesiyun et al., 2009). 

2.10 Problems associated with antimicrobial resistance 

AMR is an alarming issue and major concern worldwide. World Health Organization 

(WHO) is much concern about AMR and increased anxiety about the role of 

antimicrobials used in animal husbandry. Many meetings and conferences occurred to 

prevent and control the emergence and spread of antimicrobial resistant micro-

organisms. AMR is a global threat to both human and animals and day by day it is 

gradually growing.  Antimicrobial resistance has the direct and indirect effects on the 

health. When the levels of antimicrobials are high, then it can be toxic to human or 

animals. Most of the antibiotics have the direct effect as for example Penicillin causes 

hypersensitivity reactions and produces allergy. In USA, self-reported penicillin allergy 

was reported about 80% to 90% of the individuals. The report also suggested that 

unnecessarily exposed to broader-spectrum antibiotics leads to developing 

antimicrobial resistant microorganisms (Pongdee and Li, 2018). The indirect impact of 

antimicrobial resistance, however, extends outside increased health risks and has many 

public health consequences with wide implications. Some antimicrobials cause 
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endocrine disturbance such as Oxytetracycline, tetracycline & sulfamethoxazole and 

some causes nervous effects like cefuroxime, neomycin (Lee et al., 2001). AMR is 

accompanied with high mortality rates, it provokes interruption of treatment of the 

diseases with the spreading of resistant pathogens, resulting in a persistent time of 

infection to the patient. The cost of the treatment increased due to the resistant 

pathogens, in most of the cases commercially available drugs doesn’t work to the 

patients. So they need to buy occasional antibiotics with a high price. The main problem 

of AMR is growing the resistance to the specific antibiotics that wouldn’t work further.  

2.11 Managing and Remedies of AMR  

The WHO Global Action Plan emphasizes on increased awareness and understanding 

on antimicrobial use and associated AMR; build up knowledge regarding AMR through 

proper surveillance and research; optimal and rational use of antibiotics; lowering the 

incidence of infectious diseases; and on organizing resources, research, and 

development for proper integrated prevention and containment of antibiotic resistance 

(WHO, 2017). Effective antimicrobial drugs are prerequisites for both preventive and 

curative measures. This action plan underscores the need for an effective “one health” 

approach involving coordination between several international sectors and actors, 

including human and veterinary medicine, agriculture, finance, environment, and well 

informed consumers. Global collaborative efforts are necessary for the management 

and prevention of AMR and it should be individual, community, regional, national and 

international level (Uchil et al., 2014). Strategies should develop the appropriate use of 

antibiotics, reduce involuntary interaction between microorganisms and antibiotics. 

Drugs should be only prescribed by the professionals and drugs should be taken by 

proper dosage. Patients should complete treatment course of antibiotics, stopping of 

medication in the middle generates resistant organisms. Self-medication by the patients 

and livestock should be avoided. Use of leftover drugs and sharing of those drugs 

should not be done and not to be saved for next time of illness. There is a great role of 

the scientists and policymakers. The researcher should develop novel drugs for 

effective treatment. Management of AMR in both human and veterinary sectors needs 

ideal action plans for the development of newer antimicrobials, possible intervention 

measures (Union, 2014). Awareness programs should be a buildup for suitable use of 

drugs and increase cooperation and information networking among stakeholders. 

Proper law enforcement should be done to limit the sale of un-prescribed drugs.  
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Table 2.2: Number of Salmonella spp., Staphylococcus spp and Escherichia coli 

isolates from bat and their frequency in different country in the world 

Bats Family Bacterial Sources  % Location Authors 

Vespertilionidae 

 

Salmonella spp. 

 

Intestine 2/46    Philippines (Reyes et al., 

2011) 

Salmonella spp. 

 

Heart 

blood  

1/73  UK (Daffner, 

2001) 

Salmonella 

Enteritidis, 

Typhimurium 

Organ 

sample  

3/486  Germany (Mühldorfer 

et al., 2011) 

Molossidae 

 

Salmonella spp. 

 

Faecal 2/37  Trinidad (Adesiyun et 

al., 2009) 

Nectarivorous 

 

Salmonella spp. 

 

Faecal 1/47  Brazil (De Sousa, 

2006) 

Noctilionidae Salmonella 

Moladeb, 
Salmonella 

Rubislawb 

Gastrointes

tinal tract  

1/11  Trinidad (Adesiyun et 

al., 2009) 

Nectarivorous 

 

 

Salmonella Typhi, 

Salmonella 

Typhimurium 

Heart. 

blood, 

organ  

58/481 Madagascar (Brygoo et 

al., 1971) 

Pteropodidae 

Cynopterus sphinx, 

C. brachyotis 

Escherichia coli Rectum 21/27 Indonesia (Graves et 

al., 1988) 

C. brachyotis 

brachyotis 
Escherichia coli Stomach 

and 

intestine 

16/34 Peninsular, 

Malaysia 

(Daniel et 

al., 2013) 

Pteropodidae, 

Vespertilionidae  
Escherichia coli Faecal 19/56 Philippines (Italia et al., 

2012) 

Nectarivorous,  

Vespertilionidae  
Escherichia coli  Faecal 18/82 Brazil (Cabal et al., 

2015) 

Unknown 
species of bats 

E. coli 015:H7 

 

Rectum 28/84 Malaysian 

Borneo 

(Apun et al., 

2011) 

Eidolon helvum Staphylococcus 

aureus 

Faecal 107/56

0 

Nigeria (Akobi et 

al., 2012) 

Rousettus 

aegyptiacus 

Staphylococcus 

aureus 

Faecal 4/55 Gabon (Held et al., 

2017) 

Pteropus pumilus Staphylococcus spp Rectum 25/56  Philippines (Heard et al., 

1997) 

Pteropodidae 

Pteropus giganteus; 

P. hypomelanus 

Staphylococcus 

aureus 

Rectum  9/133 Indonesia  (Heard et al., 

1997) 

Pteropodidae 

P. giganteus 

Salmonella Virchow Faecal 3/302  Bangladesh (Islam et al., 

2013) 
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Chapter 3: Materials and Method 

3.1 Description of study area 

Bangladesh as a deltaic floodplain of topical source has a wide variety of habitations 

suitable for a diverse fauna and supports about 160 million people. Dhaka division is a 

governmental division of Bangladesh, has an area of 147,570 km2 and lies between 20° 

34' to 26° 38' N and 88°91' to 92°41’E (Figure 3.1). The city lies between 2 to13 m 

above sea level, on the eastern bank of the Buriganga River in the heart of the Bengal 

delta. The capital and largest city Dhaka situated at center of Dhaka division with about 

18.89 million of people. Dhaka has a tropical savanna (wet and dry) climate with an 

annual average temperature of 25°C (77°F), near 80% of the annual average rainfall of 

1,854 mm (73.0 in) occurs during the monsoon season and humidity 70.5% to 78.1% 

(Anon (2016). From the early civilization, all these habitats as well as man- made 

structures such as abandoned houses, forts, places of worship, sparingly used office 

blocks, monuments, mosques, castle and shrines, realm and dilapidated buildings, ruins, 

discussed road and railway bridges and culverts were traditional in and around on it and 

those areas were particularly occupied by wild small mammal animals like bats. 

 

Figure 3.1: Distribution of bat roasting sites and environmental sample (water body) 

in Dhaka division 
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3.2 Distribution of Bats in Bangladesh 

To achieve the objective of the study three districts were chosen where bats are 

uniformly ubiquitous. According to their different habitat (rural and urban) within 3 

districts eight sites were selected. We choose four sites from Dhaka, three sites from 

faridpur and a sites from madaripur districts were selected. Two species of bats 

(Pteropus medius, Rousettus leschenaulti) are designated for sample collection Table 

3.1. 

Table 3.1: Distribution of Bats in Bangladesh  

District Location No. of 

Roosts 

Species Assumptive 

population 

size 

sample 

size 

 

 

 Dhaka 

Uttara 1 Pteropus 

medius 

500-600                                                                                                                                                                                                                                                                                                                                                                                                                                                                   41 

Mirpur 

botanical 

Garden 

1 Pteropus 

medius 

700-800 50 

Mohakhali 1 Pteropus 

medius 

800-900 53 

Boldha Garden 2 Pteropus 

medius 

600-700 35 

  

Faridpur 

Nagarkanda  2 Rousettus 

leschenaulti 

2000-2200  40 

Baliakandi, 

Rajbari 

1 Rousettus 

leschenaulti 

700-800 50 

Kanaipur 2 Rousettus 

leschenaulti 

2200-2300 50 

Madaripur Charmuguria 1 Pteropus 

medius 

800-900 50 

 

Boldha Garden, Nagarkanda and Kanaipur have two groups of bats in Dhaka and 

Faridpur districts. On the other hand, Uttara, Mirpur botanical Garden, Mohakhali, 

Baliakandi and Charmuguria have one roosts of bats from each location. 

The population size in each roosts of bats ranges from 500-900 in Dhaka district. On 

the other hand, the roosts of Nagarkanda and Kanaipur have varies from 2000-2300 

bats on an averages of each group where as Baliakandi and Charmuguria have bats 

ranges 700-900 bats varies in each group.  

In the current study, we collected 41, 50, 53 and 35 samples from Uttara, Mirpur 

Botanical Garden, Mohakhali and Boldha Garden of Dhaka districts respectively. In 
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case of Faridpur districts 40, 50 and 50 samples collected from Nagarkanda, Kanaipur 

and Baliakandi, Rajbari respectively. In case of madaripur, 50 sample were collected 

from Charmuguria. (Table 3.1). 

3.3 Ethical approval 

Ethical approval to conduct the study was taken from Chittagong Veterinary and 

Animal Sciences University-Animal Experimentation Ethics Committee (AEEC), 

Chittagong, Bangladesh (AEEC approval number: CVASU/Dir (R&E) 

AEEC/2015/751) before initiating the research. With the help of different protocol 

from various scientific journals, we had assured the animal ethics and animal safety as 

well as the safety of working personnel in both field and laboratory throughout the study 

period.  

3.4 Study Design 

A cross-sectional study was conducted in eight locations of Bangladesh; four locations 

of Dhaka, three from Faridpur district and one from Madaripur district. The study sites 

were selected based on expert’s knowledge on human-bat interface and bats habitat. 

Areas like Dhaka (Mirpur national botanical garden, Mohakhali T&T colony, Uttara & 

Boldha garden), Madaripur (Charmuguria), Rajbari (Baliakandi) and Faridpur 

(Kanaipur, Nagarkanda) were suggested as common location for bats and therefore 

were selected as study area. Each study area was visit based on previous survey and/or 

consult with local peoples and sample was collected at the same time. 

3.3 Sample size calculation 

The sample size of the study was estimated using standard method described by 

(Thrusfield and Christley, 2005). 

 

Where N = Number of samples to be collected (sample size) 

Z = Statistic for a level of Confidence at 95% (standard value of 1.96) 

d = Precision or Margin of error at 5%  

P = expected prevalence  
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The prevalence of resistant microbes in wildlife is poorly understood. There is no record 

of prevalence of antimicrobial resistance in bats of Bangladesh, neither in neighboring 

countries. So maximum sample size was calculated based on assuming 50% prevalence 

(P= 0.50) as per available literature (Lwanga et al., 1991), taking 5% precision (d=0.05) 

and 95% confidence interval (i.e. Z=1.96). Calculated sample size was 385 using Epi-

Tool software. Sampling and sample collection was done upon judgments and 

convenience sampling as described by Morrison et al., (2008) for wild life sampling. In 

this present study, 369 samples were collected that included mainly bat fecal samples 

and water samples from surrounding water bodies of bats habitat. Due to limitation of 

proper time, availability of facilities and limited resource target sample collection are 

not possible. 

3.5 Study period  

Samples were collected through the period of January to June 2017. Sample collection 

and laboratory test was done simultaneously. Tests such as PCR and culture and 

sensitivity test were done up to December 2017. 

3.6 Sample collection 

3.6.1 Bat fecal sample collection 

Freshly voided fecal sample from free-ranging two different species of bats (Pteropus 

medius and Rousettus leschenaulti or large /small size) were collected for the present 

study. Polythene sheets were placed under the bat roosting sites at mid-night to collect 

fresh fecal samples in the next early morning from free-ranging bats with keeping best 

concern to the ethical and animal welfare issues. Freshly voided fecal samples were 

collected (Appendix III) by sterilized swab sticks and environmental sample (water 

sample) were collected. The collected fecal swabs were placed immediately in the 

sterile falcon tube containing (10ml) buffered peptone water (BPW) for Salmonella spp. 

and E. coli (Putturu et al., 2013; Thaker et al., 2013) and Mueller-Hinton broth (MHB) 

supplemented with 6.5% NaCl (24 hour’s at 37°C) for Staphylococcus spp (Kateete et 

al., 2010).Water samples were placed in falcon tubes (1L bottle) for isolation of 

salmonella spp. The sample containing tubes were labeled with a unique identification 

number corresponding to each species/roosting sites. The collected samples in falcon 

tube were kept in cool boxes (4○C) and transported to Bangladesh Livestock Research 

Institute (BLRI), Food safety laboratory, Savar for bacteriological laboratory analysis 
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as soon as possible. The samples were stored in the refrigerator at -20○C until further 

laboratory evaluation being performed. 

3.6.2 Water 

3.6.2.1 Introduction: 

Water bodies in third world countries like Bangladesh with a large amount of water 

sources are used for drinking, bathing, washing and fishing by multiple parties 

including humans, livestock, domestic animals and wild animals. In addition, the large 

frugivorous bat, Pteropus medius & Rousettus leschenaulti have also been seen 

drinking from shared water sources. The drinking habits of fruits bats Pteropus medius 

& Rousettus leschenaulti are not well understood at this time, however. It was reported 

that they make contact with water bodies and later drink the water off of their chests. 

Pteropus usage of water bodies may be dependent on the water content of the forage 

they are seasonally eating. Pteropus are generalist feeders (Sudhakaran and Doss, 2012) 

who eat fruits, leaves, and flowers of multiple plant species. It is currently hypothesized 

that Pteropus sp. may be exposed to bacteria from utilizing shared water sources. 

Hence, the question arose of how water sources were being utilized by Pteropus bats in 

Bangladesh and how these patterns of utilization may relate to Pteropus species 

ecology. 

3.6.2.2 Methods:   

Water bodies were observed in Dhaka as well as in rural Bangladesh during the day as 

well as in the evening during the month of March and May. Two water bodies were 

observed in Dhaka; one in Ramna Park, a large park located near old Dhaka. This park 

is also home to a bat roost of approximately 160 bats. These bats have a roost 

approximately 400 m from a large body of water in the park. Another urban area of 

observation was the Botanical Garden in Dhaka, which is next to the city zoo. A roost 

of approximately 80-85 bats was located within the Botanical Garden and the water 

body nearest to this roost (approximately 400 m) was observed. 

Three water bodies were observed in rural Bangladesh during the day as well as during 

early evening in early March 2017 to identify how the water bodies were utilized by 

humans, livestock, domestic animals, wildlife and bats. All three of these water bodies 

were located in the vicinity of the city of Faridpur, which is an area that is currently and 
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historically being used for bat sampling. These locations were recorded with GPS. The 

first rural water body that was observed (WB1) was the Kataghang River. The dates of 

observation coincided with the dry period in Bangladesh so this river was broken into 

many smaller lagoons. This particular water body was located near a village that 

utilized the water for bathing, washing, and fishing. Livestock also used this water 

body. The second water body that was observed (WB2) near Faridpur was a privately 

owned man-made lagoon known as Engineer’s Pond. This water body was chosen for 

observation because of its proximity to a Pteropus bat roost approximately 600 m away. 

Finally, a third water body (WB3) was observed as well. This water body was the 

Kumar River, which is located within Faridpur itself. This was the largest water body 

observed. 

Before leaving Faridpur, 500 ml water samples were taken from the three rural water 

bodies. These water samples were frozen for the return trip to Dhaka, where they were 

then stored at the Bangladesh Livestock Research Institute (BLRI), Food safety 

laboratory, (BLRI), Savar for testing for the presence of bacteria. 

3.7 Data Collection from water bodies  

A data collecting sheet was developed and administered at the same time of sample 

collection from water bodies. A map of each observation site was made, and the visits 

was marked on the map in order to have a rough estimate of where the bat visits are 

occurring in comparison to the visits of other animals. Collection of geographical 

location’s data such as type of habituation of the animal (rural and urban), GPS 

coordinates, tree, topography, bats species, water resources, etc. were recorded. 

3.8 Laboratory study design 

The microbiological laboratory design is schematically presented in (Figure 3.2). The 

entire study was divided into three steps. In first step, collection of samples from free 

ranging bats, pre-enrichment of samples and transportation to the laboratory was done. 

In second step isolation and identification of the bacterial pathogens was done based on 

their culture characteristics and Gram`s staining character. Finally in third step, 

characterization of the organism was done using various biochemical tests and PCR. 

Finally, antibiotics sensitivity test was performed to explore drug resistance profile of 

bacterial isolates from bats feces. 
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Figure 3.2: Experimental design of laboratory analysis 
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3.9 Bacteriological investigation  

3.9.1 Isolation of Salmonella spp  

To identify Salmonella spp in collected freshly defecated fecal sample, pri-enrichment was 

done in buffer peptone water (Oxoid Ltd, PH: 7.2±0.2) following a modified standard 

method (De Medici et al., 2003; Hendriksen, 2003) and incubated at 37-42°C for 24 hr. 

Selective enrichment was carried out following standard method (Antunes et al., 2003; 

Michael et al., 2003; Carrique-Mas and Davies, 2008; Schönenbrücher et al., 2008; Putturu 

et al., 2013) using Rappaport-Vassiliadis  broth medium. After selective enrichment, one 

lope of inoculums were streaked on Brilliant Green Agar (BGA) (Oxoid Ltd, PH: 6.9±0.2) 

and incubated in 37°C for 18-24 hours and colonies with red color in BGA considered as 

positive for Salmonella spp (Holt et al., 1994; Nesa et al., 2011; Hazeleger et al., 2018). 

These colonies were further streaked on Xylose-Lysine-Deoxycholate (XLD) (Oxoid Ltd, 

PH: 6.9±0.2) agar medium and incubated for 37°C for 22-24 hours. Colorless or Red/pink 

colour colonies with black centre were confirmed as the typical colonies of Salmonella spp 

(Adesiyun et al., 2009; Reyes et al., 2011; Soria and Bueno, 2016). 

3.9.2 Identification of Salmonella spp.  

3.9.2.1 Staining method 

Grams staining method was done to study morphology and staining characters. Suspected 

colonies from EMB (E. coli), BGA (Salmonella spp) and Mannitol salt agar 

(Staphylococcus spp) was stained as described by Manual of veterinary investigation 

laboratory technique (Merchant and Packer, 1967; Hunter, 1998; Brown, 2009). Briefly the 

procedure was as follows:  

A small colony was picked up with a loop, smeared on clean grease free glass slide and 

fixed up by gentle heating. Crystal violate solution was then applied on smear to stain for 

two minutes and then washed with running water. Few drops of Gram’s iodine were then 

added to act as mordant for one minute and then again washed with running water. Acetone 

alcohol was then added for few seconds (5-7s) to decolorize. After washing with water, 

safranin was added as counter stain and allowed to stain for 2 minutes. The slides were 

then washed with water, blotted and dried in air and then examined under microscope with 
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high power objective (100X) using immersion oil. The same method was followed to stain 

other 2 studied bacteria (Staphylococcus spp and E. coli). 

3.9.2.2 Bio-chemical test: 

3.9.2.2.1 Reaction in TSI agar slant 

To identify sucrose, lactose and dextrose fermentation, the TSI (triple sugar iron) agar 

(Oxoid Ltd, Basingstoke, Hampshire, UK) slant was used. It also helped to determine the 

ability of the microorganisms to produce H2S. Minimum of three black centered or black 

colonies were inoculated into TSI agar slant and incubated at intervals of 37○C for 24-72 

hours. Isolates with positive reaction (pinkish slant and yellow butt or black slant and 

yellow butt) was considered as positive of Salmonella spp (Pao et al., 2005; Hossain et al., 

2006) and blackening in butt indicated H2S reaction (Jones et al., 2000; Dargatz et al., 

2016) and bubble of air in the butt indicated gas production in slants (White et al., 1997). 

3.9.2.2.2 Carbohydrate (sugar) fermentation test 

Tube with different sugar media (dextrose, lactose, sucrose, maltose and mannitol) were 

inoculated by a loopful of nutrient broth culture of the microorganisms and incubated at 

37◦C for 24 hours. The isolates which were unable to ferment lactose and sucrose remain 

red and gas production was noted by the accumulation of bubble in the inverted Durham’s 

tube and thus Salmonella spp was suspected in the broth (Douglas et al., 1998; Hossain et 

al., 2006). 

3.9.2.2.3 Serotyping By Slide Agglutination Test 

Slide agglutination test was done mainly for serotyping of Salmonella; agglutinating 

antiserum poly “O” and poly “H” (S & E reagents Lab, Bangkok, Thailand/ Denka Seiken 

Co. Ltd., Tokyo, Japan) was used to perform the serotyping. The macroscopic slide 

agglutination tests were performed by the method describe by Popoff and Le Minor (2001). 

The cultures to be tested were first checked with Salmonella “poly-O” polyvalent 

antiserum. A drop of serum and a drop of physiological saline were placed in the slide and 

a clean grease free slide was taken as control.  A single drop of thick bacterial suspension 

was placed on glass slide and a drop of polyvalent antiserum was added. The slide was 

gently rotated to mix the fluid thoroughly. Cultures that were agglutinated within one to 
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two minutes were selected as positive for Salmonella spp and subjected to agglutination 

test with Salmonella agglutinating antiserum (poly “H”). A loopful of colony from nutrient 

agar was placed on the glass slide and mixed properly by tilting the glass slide and after 1-

2 min if agglutination occurred, the sample was considered positive for salmonella. Leon-

Velarde et al. (2004) described that poly ‘O’ antiserum gave positive agglutination 

reactions with any serovars for preliminary screening of Salmonella and poly “H” 

antiserum gives specific agglutination reaction for motile Salmonella spp (Santiviago et 

al., 2001; Vlahović et al., 2004). 

3.9.3 Isolation of Staphylococcus spp  

After primary enrichment, a loop full of inoculum was streaked on Baird-Parker Agar 

(Oxoid Ltd., PH: 7.0±0.2) medium supplemented with Egg Yolk emulsion (5%) and 

saturated potassium Tellurite (0.3%) solution (Merck, Darmstadt, Germany) as selective 

medium. The plates were then incubated for 24-48 hour’s at 37○C as per standard protocol. 

A shiny black colony surrounded by opaque zone of halo was regarded as a positive S. 

aureus colony (Loncarevic et al., 2005; Pelisser et al., 2009; Rohinishree and Negi, 2011; 

Karmi, 2013). 

The typical colonies from Baird Parker agar were sub-cultured onto mannitol salt agar 

(Oxide Ltd., PH: 7.4±0.2) and 5% defibrinated-sheep blood agar (Oxoid Ltd., PH: 7.3±0.2). 

t After incubation at 37°C for 24 h, growth of a sticky golden yellowish coloured colonies 

on MSA was considered positive (Kateete et al., 2010; Grema et al., 2015). Furthermore, 

blood agar plates with 5% defibrinated sheep blood was used for the detection of hemolysis 

(Roberson et al., 1992; Boerlin et al., 2003). From the MSA plates, further the colonies 

were used for other biochemical tests.  

3.9.4 Identification of Staphylococcus spp 

3.9.4.1 Biochemical Test: 

Biochemical confirmation of all the positive samples were subjected to coagulase and 

catalase tests for Staphylococcus sp. as described by Cheesbrough (2006). Three to five 

well separated colonies were picked up and moved to a 10 ml test tube containing Muller 
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Hinton Broth supplemented with 6.5% Nacl (HiMedia Ltd, Mumbai-400086, India) and 

incubated at 37°C for 6 hours. 

3.9.4.2 Coagulase test (Clumping factor) 

Commercially available sterile tubes containing horse whole blood/rabbit plasma with 

EDTA was used to perform the test. The tubes were centrifuged at 2600 rpm for 10 minutes. 

The follow-on supernatant, the plasma, was instantly transferred by a sterile tip to a sterile 

1.5 ml Eppendorf tube and kept at -20°C for future use. 

 3.9.4.3 Tube coagulase test 

From each tube cultivated in Brain heart infusion broth (BHIB), 50µL was transferred to 

sterile tubes containing 50µL of horse plasma. The incubation was done at a temperature 

of 37°C for 6 hours. The presence of coagulates was by large organized coagulation and 

coagulation of all the contents of the tube which do not come off when inverted (Graham 

et al., 2006; De Oliveira et al., 2011). A control tube was placed to validate the result 

(Bannerman, 2007). 

3.9.4.4 Slide coagulase test 

Slide coagulase test was conducted further to confirm the presence of Staphylococcus sp. 

(which were confirmed by tube coagulase test). A drop of the horse plasma sample was 

placed on a clean grease free glass slide. Suspected cultures were mixed by a loop to plasma 

and tested for agglutination. Agglutination of the mixture was recorded as a Staphylococcus 

sp. positive for coagulase test (Jay et al., 2005; David and Daum, 2010).  

3.9.4.5 Tube Catalase test  

Nutrient agar slant was prepared according to the instructions of manufacturer (Oxoid Ltd, 

Basingstoke, Hampshire, UK). Suspected bacterial colonies were inoculated into agar slant 

and incubated at 37°C for 24 hours. After that 1ml of 3% H2O2 was added. Rapid ebullition 

of gas was considered as positive reaction of Staphylococcus spp (Winn, 2006; Rushdy et 

al., 2007). 

3.9.4.6 Slide Catalase test 



 

Page | 40  
 

Further a slide catalase test was conducted to confirm the presence of Staphylococcus spp. 

One suspected colony from agar plate was taken on a clean new glass slide using sterile 

inoculating loop.  Then one drop of recently prepared 3% Hydrogen peroxide (3% H2O2) 

solution was taken over the colony. Production of bubbles in 5-10 seconds was an 

indication of positive test (Forbes et al., 2002; Cheesbrough, 2006).   

3.9.5 Preservation of the pure culture 

Isolated colonies of positive bacterial sample were inoculated in nutrient broth/brain-heart 

infusion broth and incubated overnight at 37°C for 24 hours. Then, 700 µl broth, containing 

bacteria, was added to 300 µl of 50% glycerin in an Eppendorf tube and preserved at -80°C 

for future investigation (Buxton and Fraser, 1977). 

3.9.6 Isolation of Escherichia Coli 

Escherichia coli were isolated from freshly voided feces following the method described 

by (Virpari et al., 2013) with slight modification. For the isolation of E. coli, sample was 

inoculated in screw cap test tube containing buffer peptone water (Thaker et al., 2013) for 

primary enrichment (Oxoid Ltd, PH:6.2±0.0) and incubated overnight at 37ºC. After 

primary enrichment, bacterial culture was streaked on MacConkey agar (Oxoid Ltd, PH: 

7.4±0.2) and Blood agar plates (Oxoid Ltd., PH: 7.3±0.2) and incubated for another 24 

hours at 37ºC. After incubation the bacterial growth was observed. Characteristic pink 

colored colonies on MacConkey agar (Kumar and Prasad, 2010; Park et al., 2012) and 

hemolytic and mucoid colonies around the growth on blood agar were suspected as E. coli 

(March and Ratnam, 1986; Pedersen et al., 2006). Then sub-culture was done on Eosin-

Methylene Blue (EMB) agar (Merck, PH: 7.1±0.2) and incubated at 37ºC for 24 hours. The 

colonies with characteristic metallic sheen green appearance were confirmed as E. coli 

(KHMNH et al., 2005; Singh and Prakash, 2008; Adesiyun et al., 2009; Oluduro, 2012; 

Tanzin et al., 2016).  

3.9.7 Identification of Escherichia Coli  

3.9.7.1 Biochemical test  
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3.9.7.1.1 Hanging drop Motility test technique  

The motility test was performed by hanging drop technique as described by (Cowan, 2004) 

to differentiate the motile bacteria and non-motile bacteria. Hanging drop slide were 

prepared by broth culture and examined under 100X power objective. The motile 

organisms were regarded as E. coli. 

3.9.7.1.2 TSI (Triple sugar iron) agar slant reaction with organisms 

A straight inoculating needle was used to pick up isolated colony from culture on selective 

agar. The TSI slant was inoculated by stabbing the butt down to the bottom and then 

streaked over the surface of the slant uniformly without scratching its surface. The TSI 

slant was then incubated overnight at temperature of 37ºC for 18-24hrs. Presence of gas 

bubbles, yellow slant (acids accumulate) & yellow butt (acidic reaction) and absence of 

black precipitate in the butt (due to the H2S gas production and sugar fermentation) was 

indicative of E. coli (Carter et al., 1995; Krieg and Padgett, 2011). 

3.9.7.1.3 Carbohydrate (sugar) fermentation test 

The test was performed by inoculating 0.2 ml of nutrient broth culture of the isolated 

organisms into the tubes containing five basic sugars such as dextrose, maltose, lactose, 

sucrose and mannitol and incubated for 24 hour at 37ºC. Color change from red to yellow 

and gas production was noted by the accumulation of gas bubbles in the inverted Durham’s 

tube (Mac Faddin, 1976; Cheesbrough, 2006) was indicative of acid production. 

3.9.7.1.4 Catalase test 

A volume of 3 ml of 3% H2O2 (catalase reagent) was taken in a test tube. Single colony 

from the pure culture of E. coli was taken with a sterile glass rod and merged in the reagent. 

Formation of bubble within three second (3-5s) was indicative of positive test (Ewing, 

1986; Cheesbrough, 2006). 

3.9.7.1.5 Methyl Red test 

Single colony of the organism from the pure culture was inoculated in 5 ml of sterile MR-

VP broth. After 5 days incubation at 37ºC, methyl red solution (5 drops) was added and 
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color formation was observed. Growth of red and yellow color indicated positive and 

negative result, respectively (Ewing, 1986; Cheesbrough, 2006). 

3.9.7.1.6 Voges -Proskauer (V-P) test 

The test organisms were grown at 37ºC for 48 hour in 3 ml of sterile MR-VP broth and 

then 0.6 ml of 5% alpha-naphthol and 0.2 ml of 40% potassium hydroxide containing 0.3% 

creatine were added per ml of broth culture. Following well shaking, the broth was allowed 

to stand for 5-10 minutes to observe the color formation. Development of pink-red color 

indicated positive result (Ewing, 1986; Douglas et al., 1998; Cheesbrough, 2006). 

3.9.7.1.7 Indole test 

The test organisms were cultured in 3 ml of peptone water containing tryptophan at 37ºC 

for 48hrs. One ml of diethyl ether was added, after shaking well it was allowed to stand 

until the ether rises to the top. Then 0.5 ml Kovac’s reagent was gently ran down the side 

of the test tube to form a ring in between the medium and the ether. Development of 

brilliant red colored ring indicated positive test (Ewing, 1986; Cheesbrough, 2006). 

3.9.1.8 Preservation of the culture   

An isolated colony of bacteria those positive in biochemical test were inoculated into 

Brain-Heart Infusion broth (BHIB)/Nutrient broth (Oxoid Ltd, Basingstoke, Hampshire, 

UK), incubated overnight at 37ºC for 24 hours. Then, 700 µl broth, containing bacteria, 

was added to 300 µl of 50% glycerol in an Eppendorf tube (1.5ml)v and preserved at -80°C 

with for further testing (Buxton and Fraser, 1977; Gherna and Reddy, 2007).  

3.10 Confirmation of Bacterial genus 

Bacterial genus was identified following the previously described properties of bacteria in 

terms of growth on selective media and reaction in different biochemical tests. 

Table 3.2: Standard to confirm bacterial genera based on colony morphology and 

biochemical test. 
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Organisms Growth 

on 

selective 

agar 

Colony 

properties 

on selective 

agar 

Staining 

properties 

Biochemical 

tests 

Result of 

biochemical 

test 

 

          

Escherichia 

coli 

MAC Pink and dry 

colony 

Gram 

negative 

Medium 

sized rod 

Indole test Cherry red 

color ring 

formation 

EMB Metallic 

sheen  

TSI Slant yellow, 

Butt yellow, 

Gas +/-ve, H2S 

–ve. 

            

Salmonella 

spp 

BGA Red colony TSI Slant red, Butt 

yellow, Gas 

+/- ve, H2S +/-

ve 

XLD Colorless 

colony with 

black centre  

 

 

Staphylococ

cus spp 

BPA Shiny Black, 

Opaque 

colony 

Gram 

positive, 

cluster 

forming 

cocci 

Catalase +ve 

Coagulase  +ve or -ve 

MSA Yellowish, 

sticky colony 

Gram 

positive, 

cluster 

forming 

cocci 

Catalase +ve 

Coagulase  +ve or -ve 

MAC= MacConkey Agar; EMB= Eosin-Methylene Blue Agar; BPA= Baird parker Agar; 

MSA= Mannitol Salt Agar; XLD= Xylose-Lysine-Deoxycholate Agar; BGA= Brilliant 

Green Agar; TSI= Triple Sugar Iron Agar; +ve = Positive; -ve= Negative; H2S= Hydrogen 

Sulfide Gas.  

3.11 Polymerase chain reaction (PCR) 

Positive samples after different biochemical test was performed polymerase chain reaction 

for confirmation of microorganisms. For Salmonella, Staphylococcus and E. coli were 

confirmed up to genus level. 

3.12 Antimicrobial susceptibility testing (Salmonella spp, Staphylococcus spp, 

Escherichia Coli) 
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Antimicrobial sensitivity test was carried out by disk diffusion method on Mueller-Hinton 

agar (Oxoid Ltd, pH 7.2±7.4) according to conventional procedure (Bauer-Kirby disk 

diffusion procedure) (Bauer et al., 1966) and Clinical and Laboratory Standards Institute 

(Wikler, 2007; CLSI, 2008; Wayne, 2011). 

Antimicrobial agents frequently used for both chemoprophylaxis and therapeutics for 

control of bacterial diseases in livestock and poultry in South Asia including Bangladesh 

were tested in this study (Prakash and Gupta, 2005; Mahmud et al., 2013). A bacterial 

turbidity was matched by 0.5 McFarland standards for each isolate. The 0.5 McFarland 

standard was prepared by adding 0.5ml of 1.175% (w/v) barium chloride dehydrate 

(BaCl2.2H2O) solution to 99.5ml of 0.18 mol/L (1% v/v) sulfuric acid (Cockerill, 2010; 

Carter and Cole Jr, 2012). The tubes of McFarland standard were sealed with parafilm to 

stop vaporization and stored in the dark room at temperature 22○C to 25○C (Wiegand et al., 

2008). 

3.12.1 Culture inoculation 

3 to 5 well isolated colonies of the microorganisms were selected from the agar plate 

culture. Each colony was touched with the help of loop and growth was transferred into 

4ml tube containing Nutrient broth /Tryptic soy broth (TSB) (Oxoid Ltd, Basingstoke, 

Hampshire, UK). The broth culture was directly adjusted to the McFarland standards or by 

incubation at 35oC until it achieved or exceeded the turbidity of the 0.5 McFarland 

standards (2-6 hours).   

A sterile cotton swab was dipped into the adjusted suspension and rotated the swab several 

times pressed firmly within the inside wall of the tube above the fluid level. This removed 

excess inoculum from the swab. The surface of the dried Mueller-Hinton agar (MHA, 

Basingstoke, Hampshire, UK) plate was inoculated by streaking the swab. This procedure 

was repeated by streaking two more times and rotated the plate approximately 60○C for 

even distribution of inoculation. Each disc was pressed down to the agar surface to ensure 

complete contact. The disc was placed not more than 24mm from each other and a total 6 

disc in 150mm plate was placed. The plate was incubated at 35○C for 20-24 hours 
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(Matuschek et al., 2014) within 5% CO2 incubator (Binder CB-150 CO2 Incubator, 

Chelmsford, UK). 

3.12.2 Reading plates and interpreting results 

After 24h of incubation, the plate was examined. The resulted zone of inhibition was 

uniformly circular with a confluent lawn of growth. Zones diameters of complete inhibition 

were measured, including the diameter of the disc. Zones were measured to the nearest 

whole millimeter using slide calipers/regular scale. The zone margin was taken as the area 

showing no obvious, visible growth that could be detected with the unaided eyes. The zone 

of inhibition sizes were interpreted by zone diameter interpretive standards (Tuohy et al., 

2000; CLSI., 2011) and resistant pattern of the organism was reported as susceptible (S), 

intermediate (I) or resistant (R) to the antibiotics that have been tested as recommended by 

Clinical and Laboratory Standards Institute (CLSI, 2007; Simjee et al., 2007; Chayani et 

al., 2009; Silley, 2012) and the British Society for Antimicrobial Chemotherapy (BSAC, 

2001). 

Table 3.3: A panel of antibiotics used, concentrations and zone diameter interpretative 

standards for Salmonella spp. (CLSI, 2007). 

Groups of 

antimicrobial 

agents  

Drug 

code 

Agents name  Potency 

(µg) 

Disk diffusion zone 

break point (mm) 

R I S 

β-lactam AMC Amoxicillin-

Clavulanic acid 

30 µg ≤30 14-17 ≥18 

Cephems CFT Cefotaxime 30 µg ≤30 23-25 ≥26 

CFX Cefixime 5 µg ≤5 16-18 ≥19 

CTR Ceftriaxone 30 µg ≤30 20-22 ≥23 

Aminoglycosides CN Gentamicin 10 µg ≤10 13-14 ≥15 

Macrolides AZT Azithromycin 15 µg ≤12 - ≥13 

C Chloramphenicol 30 µg ≤12 13-17 ≥18 

Tetracyclines TE Tetracycline 30 µg ≤11 12-14 ≥15 

Fluoroquinolones CIP Ciprofloxacin 5 µg ≤20 21-30 ≥31 

Carbapenam IMP Imipenem 10 µg ≤10 20-22 ≥23 

Folate pathway 

inhibitors 

(Sulphonamides 

SXT Sulphamethoxazole

-trimethoprim 

23.75/1.

25 µg 

≤10 11-15 ≥16 

Quinolone NA Nalidixic acid 30 µg ≤13 14-18 ≥19 
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 Note: Manufacturer of disc: Oxoid Limited, Basingstoke, Hampshire, England. 

Table 3.4: A panel of antibiotics used, Concentrations and Zone diameter interpretative 

standards for Escherichia Coli (CLSI, 2007). 

Group/Class of 

Antimicrobial 

agents 

Disk 

code  

Agents name Potency 

(µg) 

Zone Diameter, nearest 

whole (mm) 
R I S 

β -lactam AMX Amoxicillin 30µg ≤13 14-17 ≥18 

AMP Ampicillin 10µg ≤13 14-16 ≥17 

 

Cephems 

 

CFT Cefotaxime 30µg ≤22 23-25 ≥26 

CFX Cefixime 5µg ≤15 16-18 ≥19 

CTR Ceftriaxone 30µg ≤19 20-22 ≥23 

CFP Cefepime 30µg ≤18 19-24 ≥25 

Folate pathway 

inhibitors 

(Sulphonamides) 

CS Colistin 

sulfate 

10µg ≤10 - ≥11 

  Note: Manufacturer of disc: Oxoid Limited, Basingstoke, Hampshire, England. 

Table 3.5: A panel of antibiotics used, Concentrations and Zone diameter interpretative 

standards for Staphylococcus spp. (CLSI, 2007)   

Groups of 

antimicrobial 

agents  

Drug 

code 

Agents name  Potency 

(µg) 

Disk diffusion zone 

break point (mm) 

R I S 

 

β-lactam 

AMP Ampicillin 30 µg ≤30 14-16 ≥17 

OX Oxacillin 30 µg ≤30 - ≥18 

MET Methicillin 5 µg ≤5 10-13 ≥14 

 

Aminoglycosides 

CN Gentamicin 30 µg ≤30 13-14 ≥15 

S Streptomycin 10 µg ≤10 12-14 ≥15 

Tetracyclines TE  Tetracycline  30 µg ≤11 12-14 ≥15 

TGC Tigecycline 15µg ≤15 - ≥18 

Macrolides C Chloramphenicol 30 µg ≤12 13-17 ≥18 

Folate pathway 

inhibitors 

(Sulphonamides 

SXT Sulphamethoxazol

e-trimethoprim 

23.75/1.

25 µg 

≤10 11-15 ≥16 

Lincosomides DA Clindamycin 2 µg ≤14 15-20 ≥21 

Ansamycin-

rifamycins 

RD Rifampicin 5 µg ≤16 17-19 ≥20 

Oxazolidones LZD Linezolid 30 µg ≤20 - ≥21 

Note: Manufacturer of disc: Oxoid Limited, Basingstoke, Hampshire, England. 
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3.13 Statistical analysis  

All attributed data on risk factors and results of laboratory analysis and AMR were stored 

in Microsoft Excel 2013. The data was cleaned, coded and checked for integrity in MS 

Excel 2013 and exported to STATA-13 (StataCrop, 4905, Lakeway Drive, College station, 

Texas 77845, USA) to perform the statistical analysis.   

3.13.1 Descriptive analysis 

Prevalence of three microorganisms (Salmonella spp., Staphylococcus spp, Escherichia 

Coli) were calculated using positive samples divided by the total number of samples tested 

and the results were expressed as percentage with 95% confidence interval . In case of 

positive samples, antimicrobial susceptibility testing and the percentage of susceptibility 

was done according to the resistance, intermediate and sensitive antimicrobials.  

3.13.2 Risk factor analysis 

Based on data collection, bats sample were grouped according to the locations they were 

collected from, land gradients (urban vs rural), species (Pteropus medius vs Rousettus 

leschenaulti) and season (winter vs summer).  

3.13.3 Random effect model 

Chi-square test (χ2) was performed to screen the risk factors initially. The significant risk 

factors (p≤0.2) were transferred to random effect model. If the random effect model was 

not fitted properly, the data was forwarded to run a logistic regression model to estimate 

odds ratio.  

3.13.4 Logistic regression model  

At first univariable logistic regression model was used without adjusting the clustering 

effects. Significant risk factors (p≤0.2) were then entered in to multivariable logistic 

regression model. Confounding effect of a factor was checked by observing the variation 

in the coefficient with the presence and absence of a factor. If the variation was greater 

than 10%, then the factor was considered as a confounder. The validity of the model was 

checked by receiver operating curve (ROC) and goodness of fit test (lfit) describe by 

Dohoo et al. (2003). The results were expressed as OR, P value and 95% CI.  
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Chapte-4: Result 

4.1 General prevalence of Salmonella spp., Staphylococcus spp., E. coli in Bats of 

Bangladesh. 

In Pteropus medius, prevalence of E. coli was highest (31.85%; 95% CI 25.9-38.4) 

compared to Staphylococcus spp. and Salmonella spp. (19.65%; 95% CI: 14.8-25.4 and 

10.04%; 95% CI: 6.4-14.7, respectively) (Table 4.1). 

In Rousettus leschenaulti, prevalence of Staphylococcus spp was 40.71% (95% CI: 32-

49.3) which was higher contrast to E. coli and Salmonella spp. (25.71%; 95% CI: 18.71-

33.8 and 2.86%; 95% CI: 1-7.15, respectively) (Table 4.1). 

Table 4.1: General Prevalence of Salmonella spp., Staphylococcus spp., E. coli in 

Different species of Bats of Bangladesh. 

Species Micro-organisms Total positive (n), 

sample (N) 

Percentage (%) 95% CI 

 

Pteropus 

medius  

Salmonella spp. 23 (229) 10.04 6.4-14.7 

Staphylococcus spp. 45 (229) 19.65 14.8-25.4 

E. coli  73 (229) 31.85 25.9-38.4 

 

Rousettus 

leschenaulti 

Salmonella spp. 4 (140) 2.86 1-7.15 

Staphylococcus spp. 57 (140) 40.71 32-49.3 

E. coli 36 (140) 25.71 18.71-33.8 

 

4.2 Prevalence of resistance Salmonella spp., Staphylococcus spp., E. coli in Bats of 

Bangladesh. 

The prevalence of resistance microorganisms of Bats Salmonella spp., Staphylococcus spp. 

and Escherichia coli was to be found 7.32%, 26.29% and 28.18% respectively. (Table 4.2). 

Table 4.2: Prevalence of Resistance microorganisms of Bats of Bangladesh. 
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Microorganisms n (N) % 95% CI 

Salmonella spp 27 (369) 7.32 4.88-10.5 

Staphylococcus spp 97 (369) 26.29 21.87-31.1 

Escherichia coli 104 (369) 28.18 23.65-33.1 

4.3 Prevalence of Salmonella spp. based on location 

Overall prevalence of Salmonella spp. in bats was estimated as 7.32% (27/369). Prevalence 

(34.29%) was remarkably higher in samples from Boldha Garden followed by 13.21% 

from Mohakhali, Dhaka. Lowest prevalence (2%) was recorded in bats from Mirpur 

Botanical Garden and Baliakandi. Bats from Uttara and Nagarkanda were found free of 

Salmonella spp.  (Table 4.3). 

Table 4.3: Location wise prevalence of Salmonella spp. in bats of Bangladesh.   

Location Species No. of  

sample 

tested (N) 

No. of sample 

positive to 

Salmonella 

spp. (n) 

Percent of 

sample 

positive, % 

95% CI 

Uttara, Dhaka Pteropus medius 41 0 0 0-8.6 

Mirpur 

botanical 

Garden, Dhaka 

Pteropus medius 50 1 2% 0.1-10.7 

Mohakhali, 

Dhaka 

Pteropus medius 53 7 13.21% 5.4-25.3 

Boldha Garden, 

Dhaka 

Pteropus medius 35 12 34.29% 19.1-52.2 

Nagarkanda, 

Faridpur  

Rousettus 

leschenaulti 

40 0 0 0-8.9 

Baliakandi, 

Rajbari 

Rousettus 

leschenaulti 

 50 1 2% 0.1-10.7 

Kanaipur,  

Faridpur 

Rousettus 

leschenaulti 

50 3 6% 1.3-16.6  

Madaripur Pteropus medius 50 3 6% 1.3-16.6  

Total  369 27  7.32%  
 

4.3.1 Factors associated with AMR isolates of Salmonella spp in bats 
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Univariable analysis showed a significant association (P≤0.01) between AMR isolates of 

Salmonella spp. and location of bats. Highest AMR isolates was observed in Dhaka 

(11.2%) and lowest in Faridpur (2.9%).  Prevalence of AMR Salmonella spp. were 

significantly (P≤0.01) varied between Pteropus medius (10.04%) and Rousettus 

leschenaulti (2.9%) species.  AMR isolates of Salmonella spp. was significantly (P≤0.00) 

higher in summer (34.2%) than winter. (Figure 4.4)  

Significant variables (Location, species, habitats and seasons; p≤0.2) identified through 

univariate chi-square analysis were forwarded to the logistic regression model. Species and 

Habitats were omitted due to effect of collinearity. In the final model, only season showed 

a significant (P<0.001) influence on the prevalence of AMR Salmonella spp., in bats of 

Bangladesh; the odds of having the isolates was 8.9 times higher in summer (Table 4.4).  

Table 4.4: Univariable and final multivariable logistic regression model of association 

between different variables and prevalence of AMR isolates of Salmonella spp. in Bats 

of Bangladesh (N=369).  

Variables Catergory (N) Prevalence of AMR isolates of 

Salmonella spp 

Final logistic regression 

Model 

 n (%) 95% CI P (X2-

test) 

OR 95% CI P 

value 

 

 

Location 

Dhaka (179) 20 (11.2%) 6.9-16.7  

     

0.01 

2.0 0.6 - 6.8 0.2 

Madaripur (50) 3 (6.0%) 12.6-16.6 2.2 0.5 - 10.1 0.3   

Faridpur (140) 4 (2.9%) 7.8-7.1 1.0   

   

Species 

Pteropus 

medius(229) 

23 (10.1%) 5.5-12.5      

0.01 

    

Rousettus 

leschenaulti 

(140) 

4 (2.9%) 1-7.15     

Habitats Rural (190)  7 (3.7%) 1.4-7.4      

0.006 

   

Urban  (179) 20 (11.2%) 6.9-16.7    

Season Summer (35) 12 (34.2%) 19.1-52.2  

 0.00 

8.9 3.3 - 24.1  0.00 

Winter (334)  15 (4.4%) 2.5-7.3 1.0    

p: Probability; OR: Odds Ratio; CI: Confidence Interval 

4.3.2 Antimicrobial resistance (AMR) pattern of Salmonella spp  
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More than 60% isolates of Salmonella spp were resistant against Tetracycline (93%) 

followed by Nalidixic Acid (86%), Sulphamethoxazoal-trimethoprime (79%), 

Azithromycin (76%) and Chloramphenicol (62%). Isolates were highly sensitive to 

Gentamicin (72%), Imipenem (69%) followed by Ceftriaxone (66%) and Cefixime (62%). 

Resistance pattern for other drugs are shown in Figure 4.1. 

Fig 4.1: Antimicrobial resistance pattern of Salmonella spp.  

 

4.4 Prevalence of Staphylococcus spp. based on location 

Overall prevalence of Staphylococcus spp. was 26.29% (97/369) Prevalence of 

Staphylococcus spp in bats was highest in Baliakandi, Rajbari (44%) and lowest in 

Mohakhali, Dhaka (7.6%). Prevalence was observed noticeable in Faridpur (Kanaipur, 

40% and Nagarkanda, 32.5%) (Table 4.5).   

Table 4.5: Location Wise Prevalence of Staphylococcus spp. in Bats of Bangladesh.  

Location Species No. of  

sample 

tested 

(N) 

No. of sample 

positive to 

Staphylococcus 

spp. (n)  

Percent 

of sample 

positive 

% 

95% CI 

Uttara, Dhaka Pteropus medius 41 17 41.5% 26.3-57.9 

Mirpur botanical 

Garden, Dhaka 

Pteropus medius 50 4 8% 2.2-19.2 

Mohakhali, 

Dhaka 

Pteropus medius 53 4 7.6% 30.1-18.2 

Boldha Garden, 

Dhaka 

Pteropus medius 35 4 11.4% 3.2-26.8 
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Nagarkanda, 

Faridpur  

Rousettus 

leschenaulti 

40 13  32.5% 18.6-49.1 

Baliakandi, 

Rajbari 

Rousettus 

leschenaulti 

 50 22 44% 29.9-58.8 

Kanaipur,  

Faridpur 

Rousettus 

leschenaulti 

50 20 40% 26.4-54.9 

Madaripur Pteropus medius 50 13 26% 14.7-40.3 

Total  369 97  26.29%  

 

4.4.1 Factors associated with prevalence of AMR isolates of Staphylococcus spp. in 

bats 

All four variables (location, species, rural vs. urban and season) showed significant 

association with the prevalence of AMR isolates of Staphylococcus spp. in univariable 

analysis. Prevalence found highest in Faridpur; 39.3% isolates were retrieved from this 

location. Staphylococcus spp. was more prevalent in the bat species Rousettus 

leschenaultia (39.3%) in contrast to Pteropus medius (16.2%). More bats of the rural areas 

(35.8%) were affected compared to urban in the present study. Prevalence was higher in 

winter (27%) than summer (11%) (Table 4.6). 

Having adjusted different factors (location, species, Habitats and season) using 

multivariable logistic regression model, only location & season of the bats had a significant 

association in the final model. Species of bats and Habitats were omitted from the model 

due to collinearity. The odds of antimicrobial resistance of Staphylococcus spp. was 

significantly higher in Faridpur district (OR=3.1; 95% CI: 1.77-5.4; P=0.00) followed by 

Madaripur district (OR=1.7, CI: 0.78-3.5; P=0.1) compared to Dhaka district. However 

was not significantly (P=0.03) associated, odds of having AMR isolates were higher in 

winter season (OR=1.7; CI: 0.52-5.1) than summer season (Table 4.6). 

Table 4.6: Univariable and final multivariable logistic regression model of association 

between different variables and prevalence of AMR isolates of Staphylococcus spp. in 

Bats of Bangladesh (N=369) 
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Variables Catergory (N) Prevalence of AMR isolates of 

Staphylococcus spp. 

Logistic regression 

Model 

 n (%) 95% CI P (X2-

test) 

OR 95% CI  P 

Value 

 

Location 

Dhaka (179) 29 (16.2%) 11.13-22.4  

 

0.00 

1.0   

Madaripur (50) 13 (26%) 14.63-40.3 1.7 0.78- 3.5 0.1 

Faridpur (140) 55 (39.3%) 31.15-47.9 3.1 1.77-5.4 0.00 

Species of 

bats 

Pteropus medius 

(229) 

42 (18.3%) 13.55-23.9  

0.00 

   

Rousettus 

leschenaulti (140) 

55 (39.3%) 31.15-47.9    

Habitats  Rural (190) 68 (35.8%) 28.98-43.1  

0.00 

   

 Urban  (179) 29 (16.2%) 11.13-22.4    

Season  Summer (35) 4 (11.43%) 3.2-26.7 0.03 1   

 Winter (334) 93 (27.9%) 23.1-32.9 1.7 0.52-5.1 0.3 

p: Probability; OR: Odds Ratio; CI: Confidence Interval 

4.4.2 Antimicrobial resistance (AMR) pattern of Staphylococcus spp 

Antimicrobial resistance pattern in Staphylococcus spp. isolates was observed against 12 

commonly used antibiotics. More than 30% resistance was observed only against 

Ampicillin (56%); second highest was against Clindamycin (23%). A remarkable number 

of isolates showed sensitivity to most of the antibiotics. Gentamicin (93%) were highly 

sensitive followed by Linezolid (92%), Tetracycline (91%), Rifampicin (89%), 

Sulphamethoxazole-trimethoprime (88%), Tigecycline & Chloramphenicol (85%), 

Oxacillin (84%) and Methicillin (83%) (Figure 4.2). 

Fig 4.2: Antimicrobial resistance pattern of Staphylococcus spp. 
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4.5 Prevalence of E. coli according to location  

Overall prevalence of E. coli was recorded as 28.18% (104/369) among which highest was 

observed in bats of Boldha Garden, Dhaka (45.8%).  In Baliakandi, Rajbari, prevalence of 

E.coli was estimated lowest (14%; 95% CI: 5.9-26.8). Prevalence in Mirpur Botanical 

Garden, Dhaka (40%) and Nagarkanda, Faridpur (35%) were noticeable (Table 4.7).  

Table 4.7: Location Wise Prevalence of E. coli of Bats in Bangladesh.  

Location Species No. of  

sample 

tested (N) 

No. of sample 

positive to E. 

coli (n)  

Percent of  

sample 

positive % 

95% CI 

Uttara, Dhaka Pteropus 

medius 

41 13  31.8% 18.1-48.1 

Mirpur 

botanical 

Garden, Dhaka 

Pteropus 

medius 

50 20  40.0% 26.4-54.9 

Mohakhali, 

Dhaka 

Pteropus 

medius 

53 16  30.2% 18.3-44.4 

Boldha Garden, 

Dhaka 

Pteropus 

medius 

35 16  45.8% 28.9-63.3 

Nagarkanda, 

Faridpur  

Rousettus 

leschenaulti 

40 14 35% 20.7-51.7 

Baliakandi, 

Rajbari 

Rousettus 

leschenaulti 

 50 7  14% 5.9-26.8 

Kanaipur,  

Faridpur 

Rousettus 

leschenaulti 

50 8  16% 7.1-29.1 

Madaripur Pteropus 

medius 

50 10  20.0% 10.1-33.8 

Total  369 104  28.18%  

 

4.5.1 Factors associated with prevalence of AMR isolates of E. coli in bats  

Chi square test suggested significant association of all explanatory variables with the 

presence of AMR isolates of E. coli. Prevalence of AMR isolates was higher in Dhaka 

district, Pteropus medius species, in urban area and summer season.  Two variables, 

species and Habitats were omitted due to collinearity in the final multivariable model. Only 

location of the bats showed a significant association in final multivariable model where the 
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odds of getting AMR isolates was 2.3 times higher in Dhaka and 1.1 times higher in 

Faridpur compared to Madaripur (baseline) (Table 4.8). 

Table 4.8: Univariable and final multivariable logistic regression model of association 

between different variables and prevalence of AMR isolates of E. coli in Bats of 

Bangladesh (N=369) 

Variables Catergory (N) Prevalence of AMR isolates of 

E. coli 

Logistic regression 

Model  

n (%) 95% CI P (X2-

test) 

OR 95% CI P 

Value 

 

Location 

Dhaka (179) 65 

(36.3%) 

29.2-43.8  

0.003 

2.3 1.1-4.9 0.03 

Madaripur (50) 10 

(20%) 

10.03-33.7 1.0   

Faridpur (140) 29 

(20.8%) 

14.3-28.3 1.1 0.5-2.34 0.9 

Species Pteropus medius 

(229) 

75 

(32.8%) 

26.7-39.2  

0.013 

   

Rousettus 

leschenaulti (140) 

29 

(20.8%) 

14.33-28.3    

Habitats Rural (190) 39 

(20.6%) 

15.02-26.97 0.001 

 

   

Urban  (179) 65 

(36.3%) 

29.2-43.9    

Season Summer (35) 16 

(45.8%)  

28.83-63.3 0.015 1.1 0.5 - 2.2 0.9 

Winter (334) 88 

(26.4%) 

21.8-31.4 1.0    

p: Probability; OR: Odds Ratio; CI: Confidence Interval 

 

4.5.2 Antimicrobial resistance (AMR) pattern of E. coli isolates 

Number of isolates of E. coli resistant to different antimicrobials was less than 20%; highest 

resistance observed against Cefepime (16%) followed by Ampicillin (13%). Higher 

sensitivity was recorded against Cefotaxime (92%) followed by Amoxicillin (90%), 

Ceftriaxone (88%), Cefixime (85%), Ampicillin (65%) and Colistin sulfate (60%) (Figure 

4.3). 

Fig 4.3: Antimicrobial resistance pattern of E. coli 
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4.6.1 Frequency Distribution of Salmonella spp. in water sample (N=22) 

The prevalence of AMR isolates of Salmonella spp in water was 75% in Faridpur which 

was significantly higher (P=0.04) than Dhaka (22.3%). AMR Salmonella spp. isolates of 

water sample was significantly (P=0.04) more prevalent in rural area (75%) than that of 

urban (Table 4.9). 

Table 4.9: Frequency Distribution of Salmonella spp. in water sample (N=22)  

Microorganisms Variables Catergory (N)  n (%) 95% CI P (X2-test) 

 

Salmonella spp. 

(Water sample) 

 

Location  Dhaka (18) 4 (22.3%) 6.41-47.7   

  0.04 
Faridpur (4)  3 (75%) 19.4-99.3 

Habitats  Rural (4)  3 (75%) 19.4-99.3  

   0.04 Urban (18)  4 (22.2%) 6.41-47.7 

 

4.6.2 Antimicrobial resistance (AMR) pattern of Salmonella spp isolates in water 

samples 

Higher resistance to Tetracycline (86%) followed by Amoxicillin-Clavulanic acid (75%), 

Azithromycin (73%), Ceftriaxone (72%), Ciprofloxacin (71%), Gentamicin (58%), 

Chloramphenicol (57%) and Sulphamethoxazole-trimethoprime (55%) were recorded in 

Salmonella spp. isolates recovered from water. On the other hand, Cefotaxime & imipenem 

(55%) had highest sensitivity followed by Nalidixic Acid & Cefixime (52%), Gentamicin 

(38%), Sulphamethoxazole-trimethoprime (35%) and Chloramphenicol (30%) (Figure 

4.4).  
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Fig 4.4: Antimicrobial resistance pattern of water sample (Salmonella spp)  
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Chapter-5: Discussion 

Antimicrobial resistance (AMR) is becoming a central topic as it’s a growing public health 

threat for humans, livestock and wildlife in developing country like Bangladesh. Bats live 

in thriving atmosphere with livestock, human and environment, and it is hypothesized that 

they might harbor and spread resistant microorganisms within and between populations. 

Although AMR is a serious health concern for humans, animals and wildlife but 

unfortunately there are no studies on the potential of bats in spreading resistant bacteria in 

Bangladesh. Few studies have been performed on antimicrobial resistance in wild species 

in this country. There are many emerging infectious diseases associated with bats species 

can have major impacts on both ecosystem and public health. Despite their importance in 

maintaining forest diversity and their role in the zoonotic diseases transmission, research 

on bats remain neglected in Bangladesh; while limited studies have been conducted on bat 

bacterial diseases. Antimicrobials are widely used and abused in humans and livestock. 

Moreover, it is used as growth promoter in animal production. Bats normally live in the 

vicinity of human and animal habitations both in urban and rural ecologies, ultimately the 

resistant organisms spread to the free ranging bats. Bat infection dynamics are driven by 

a complex interaction of ecological, immunological, behavioral, and anthropogenic 

factors. Therefore, the present study was conducted on bats of urban and rural habitations 

to assess the status of eco-epidemiology of antimicrobial resistance. 

5.1 Prevalence of Bacterial microorganism of Bats  

Although some research efforts have been observed on antimicrobial resistance in different 

wildlife but information on bats AMR was found limited (Mühldorfer, 2013). The present 

study was aimed to estimate the prevalence of antimicrobial resistance status of Salmonella 

spp., Staphylococcus spp. and Escherichia coli isolated from free ranging bats of 

Bangladesh. 

In Pteropus mediums, the prevalence of E. coli was estimated as 31.85% in the present 

study which is not concordant with an early finding in Costa Rica (Chaverri, 2006) but has 

resemblance with the studies conducted in Philippines (Italia et al., 2012) and USA (Heard 

et al., 1997). The prevalence of Staphylococcus spp. in bats fecal sample was found 19.65% 

in this study which is supported by previous study conducted in Poland (Jarzembowski, 
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2002) but higher prevalence was found in Germany (Kristin et al., 2011) and in USA 

(Heard et al., 1997). Prevalence of Salmonella spp. was found 10.04% in Pteropus 

mediums fruits bats in present study but a previous study in Bangladesh observed a 

different result (Islam et al., 2013). Presence of Salmonella spp. in fruit bats was reported 

from Pakistan (Gulraiz et al., 2017), Australia (Henry et al., 2018) and Brazil (Cláudio et 

al., 2018).  

In Rousettus leschenaulti, prevalence of Staphylococcus spp was recorded 40.71% in bats 

fecal sample in the present study but a lower prevalence was recorded in Gabon (Held et 

al., 2017). E coli was isolated from 20.9% bat fecal samples in the present study; this result 

is supported by a study in India (Banskar et al., 2016), however dissimilar findings were 

reported by studies in Philippines (Italia et al., 2012), in Congo (Nowak et al., 2017) and 

Davao region, Philippines (Hatta et al., 2016). The prevalence of Salmonella spp. was 

found 2.86% in this study which corroborates with the findings of Philippines fruits bats 

(Reyes et al., 2011). 

5.2 Prevalence of Antimicrobial Resistance in Salmonella spp. in Bats  

The overall prevalence of antimicrobial resistance in Salmonella spp. was found 7.32%. 

The present finding is not supported by the study conducted in Faridpur, Bangladesh (0%) 

(Islam et al., 2013).The prevalence of present study was higher compared to other overseas 

studies; 0% in Grenada and Italy (Everard et al., 1979; Di Bella et al., 2014), 1.1% in 

Trinidad and Tobago (Adesiyun et al., 2009), 1.36% in UK (Daffner, 2001) and 0.2% in 

Colombian bats (Arata et al., 1968). 

5.2.1 Antimicrobial resistance pattern of Salmonella spp., in Bat  

High occurrence of resistance to different antibiotics, particularly Tetracycline (93%), 

among Salmonella spp. isolated from bats in the present study is comparable to the results 

of studies conducted in other countries.  Tetracycline was 72-93% resistant in another 

Bangladeshi study (Mahmud et al., 2013), 63.4-65.2% (Musgrove et al., 2006; Sigirci et 

al., 2018) in Europe (France, Turkey) but 29-39.9% isolates were resistant in Africa (Gopee 

et al., 2000b; Zhao et al., 2008). This is not surprising since tetracycline is often used as a 

first-line antimicrobial in disease prevention as well as growth promotion in food animals 
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and its common use has likely contributed to emerging bacterial resistance and high rates 

of resistance (Okeke et al., 2005).  

Sulfamethoxazole-Trimethoprim is an essential and widely used drug; 79% Salmonella 

spp. isolates were resistant to it in bats in the present study. This result is comparatively 

higher than the previous study (68%) of AMR in Salmonella isolates in Bangladesh (Hafsa 

Afroz et al., 2013). 86% isolates was resistant to Nalidixic acid in the present study. Some 

other studies observed 92.5% (Afroj et al., 2011), 72.73-78.3% (Harish and Menezes, 2011; 

Suman et al., 2017) and 29% (Mannan et al., 2014) resistant isolates in Bangladesh. 

Another higher resistant antibiotic for Salmonella spp. isolated from bats was 

Azithromycin (76%). Other studies in Bangladesh observed more or less similar result; 

79.49% (Fatema et al., 2016) and 91-95% (Ahsan and Rahman, 2018). Resistance of 

Chloramphenicol was found in 62% Salmonella spp. isolates in bats which is concordant 

to previous study in Bangladesh; 57.9% (Chiou et al., 2014) but lower resistance was 

observed in Nepal (27%) and India (28.42%)  and higher in China (84%) (Xia et al., 2009). 

Chloramphenicol is widely used in humans even in common cold in Bangladesh. This 

practice might have contributed to the high resistance against this drug. 

On the other hand, Salmonella spp. was found highly sensitive to Gentamicin (72%), 

Imipenem (69%) followed by Ceftriaxone (66%) and Cefixime (62%). Previous studies 

also reported high sensitivity to Gentamicin (90-100%) (Hassan et al., 2014; Sigirci et al., 

2018), Imipenem (82.1- 100%) (Singh and Cariappa, 2016; Khan et al., 2017), 75.73% in 

Ceftriaxone and 74.76% in Cefixim (Saleem et al., 2017). In another Bangladeshi study, 

all the isolates of Salmonella spp., in fruit bats showed sensitivity to Tetracycline, Nalidixic 

acid, Amoxicillin-clavulanic acid, Cefoxitin, Ceftriaxone, Ciprofloxacin, gentamycin, 

Chloramphenicol and Sulphamethoxazole-trimethoprim (Islam et al., 2013). 

5.3 Prevalence of Antimicrobial Resistant Staphylococcus spp in Bats  

The overall antimicrobial resistance of Staphylococcus spp. was found higher than 

Salmonella spp. in the present study (26.29%). In previous studies, 19.11% isolates was 

found resistant in Nigerian straw colour fruit bats (Akobi et al., 2012) and 20% in Brazil 

(Moreno et al., 1975). Highest prevalence was found (68%, 63/92) (Vengust et al., 2018) 
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in Slovenia, 52.8% in Ile-Ife, Nigeria (Olatimehin et al., 2018), 39.28% in USA (Heard et 

al., 1997), 28.6% in Germany (Kristin et al., 2011; Mühldorfer et al., 2011) and 18.45% in 

Costa Rica (Chaverri, 2006). Lower prevalence of 4-6% were recorded in Gabon (Held et 

al., 2017) and 9.7% in Poland (Jarzembowski, 2002) in free living bats. 

5.3.1 Antimicrobial resistance pattern of Staphylococcus spp in Bat  

About 56% Staphylococcus spp. isolates showed resistance to Ampicillin in the present 

study. Noticeable amount of resistance was recorded in previous studies; 90% in Slovakia 

(Vandžurová et al., 2013) and 100% in Bangladesh (Islam et al., 2008; Ahaduzzaman et 

al., 2014). Other β-lactam groups like penicillin showed 3.7% resistance in Nigeria (Akobi 

et al., 2012), 67.5-95% in Central & West Africa (Ateba Ngoa et al., 2012; Olalekan et al., 

2012; Aiken et al., 2014; Schaumburg et al., 2015) and 68% in Bangladesh (Islam, 2016). 

Resistance to Clindamycin and Oxacillin among Staphylococcus spp. was estimated as 

23% and 13% in bats, respectively in the present study; while 31% and 46% resistance was 

recorded in a previous study of Bangladesh (Islam, 2016). Around 12% Methicillin 

resistance was observed in Staphylococcus spp. isolates in bats in the present study which 

was supported by a previous study of Bangladesh (12%) (Hossain et al., 2002). 

5.4 Prevalence of Antimicrobial Resistant Escherichia coli in Bats  

Resistant Escherichia coli were most frequently (28.18%) isolated from the free ranging 

bats of Bangladesh among other microorganisms and similar results were observed in USA 

(Heard et al., 1997), Philippines (Italia et al., 2012), Brazil (Moreno et al., 1975; Pinus and 

Muller, 1980; Cabal et al., 2015), Indonesia (Graves et al., 1988), Australia (Gordon and 

Cowling, 2003) and Africa (Adesiyun, 1999; Gopee et al., 2000b; Costa et al., 2008; 

Nowak et al., 2017).  

On the other hand, prevalence of E.coli in fruits bats were found as low as 12.6% in India 

(Banskar et al., 2016), 16.3% in Japan (Obi et al., 2014), 13% in Trinidad and Tobago 

(Adesiyun et al., 2009), 9.6% in Portugal (Garcês et al., 2017), 17.5% in Costa Rica 

(Chaverri, 2006), 4.1-5.26% in Philippines (Italia et al., 2012; Hatta et al., 2016), 11-15% 

in Malaysia (Apun et al., 2011; Bilung et al., 2014).  
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Where several studies reported prevalence of antimicrobial resistant E.coli in the feces of 

bats (Gordon and FitzGibbon, 1999; Sherley et al., 2000; Prem Anand and Sripathi, 2004), 

many observed absence of it in bats feces (Jarzembowski, 2002; Daniel et al., 2013; Di 

Bella et al., 2014; Cláudio et al., 2018). 

Migratory habits have been suggested to contribute to the transmission of antibiotic 

resistant E. coli to wildlife in remote areas with other migrating and non-migrating bat 

species and enables horizontal spread of pathogens within and among bat species (O’shea 

et al., 2014; Moratelli and Calisher, 2015). The human surroundings and environment in 

Bangladesh are heavily polluted by resistant bacteria, which might influence the bats fecal 

flora. Factors that can influence the fecal carriage of bacteria in bats are dependent on the 

feeding habitats, behaviors and lifestyles of bats. 

5.4.1 Antimicrobial resistance pattern of Escherichia coli in Bat 

Number of isolates of E. coli resistant to different antimicrobials was less than 20%; highest 

resistance observed against Cefepime (16%) and Ampicillin (13%) followed by Cefixime 

(12%), Ceftriaxone (10%), Ceftriaxone (10%) and Amoxicillin (5%). Different studies also 

reported a low resistance of E. coli to different antibiotics (around 6%) (Adesiyun et al., 

2009; Iovine et al., 2015; Cláudio et al., 2018). 

On the other hand, many studies showed noticeable resistance of E. coli to several 

antibiotics (Graves et al., 1988; Gopee et al., 2000b; Mühldorfer, 2013).  Similar results 

have been reported earlier from other species of wild animals (Souza et al., 1999; Sherley 

et al., 2000; Costa et al., 2008). Higher number of β-lactam antibiotics (Ampicillin, 

Amoxicillin, Cefixime, Ceftriaxone) was found resistance to E.coli in wild birds of 

Bangladesh (Hasan et al., 2012; Hasan et al., 2014; Rashid et al., 2015).  

Bats are common throughout Bangladesh and lives in close proximity to humans (living 

nearby and under bat roosts) and livestock and share their ecological and dietary traits such 

as feeding, roosting, and breeding (Epstein et al., 2006; Luby et al., 2009). In overall, Bats 

may be get microorganisms by their habits of feeding, size of the host, host specificity and 

geographical location may affect the types and dissemination of bacteria and in its faeces 

(Gordon and FitzGibbon, 1999; Kingston et al., 2006; Anand et al., 2012). Another reason, 
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Staphylococcus spp are common on the skin of several mammals (Kloos, 1999), so it is 

probable that these microorganisms are shared in the digestive tract, primarily due to their 

high contact/interaction through the skin of their prey. Of the bacteria of the 

genus Staphylococcus such as S. aureus have previously been isolated in the Bats (Moreno 

et al., 1975).  

5.5 Prevalence of Antimicrobial Resistant Salmonella spp. in water sample   

The prevalence of AMR isolates of Salmonella spp in water was 75% in Faridpur which 

was significantly higher (P=0.04) than Dhaka (22.2%). The present finding is supported 

by several previous studies in Bangladesh (Bhatta et al., 2007; Parveen et al., 2008; 

Acharjee et al., 2011; Kuo et al., 2013). AMR Salmonella spp. isolates of water sample 

was significantly (P=0.04) more prevalent in rural area (75%) than that of urban which is 

concordant with other studies (Seidman et al., 2009; Lévesque et al., 2013). In the rural 

landscape where wild animals are often exposed to anthropogenic disturbance might show 

more frequency in pathogen contamination.  

5.5.1 Antimicrobial resistance pattern of Salmonella spp isolates for water samples  

Higher resistance to Tetracycline (86%) followed by Amoxicillin-Clavulanic acid (75%), 

Azithromycin (73%), Ceftriaxone (72%), Ciprofloxacin (71%) were recorded in 

Salmonella spp. isolates recovered from water which is similar to previous report (Acharjee 

et al., 2011). On the other hand, Cefotaxime & Imipenem (55%) had highest sensitivity 

followed by Nalidixic Acid & Cefixime (52%) which is more or less comparable to earlier 

studies (Ahmed et al., 2013; Acharjee et al., 2014).  

Rural areas in Bangladesh commonly include stagnant lagoons used for bathing and 

drinking by people and livestock and these water sources are often contaminated with 

sewage (Parveen et al., 2008). In addition bats often use this water for drinking purpose; 

thus, contaminated water could be a possible source of infection (Islam et al., 2013). 

5.6. Risk factors associated with the prevalence  

The odds of having AMR isolates in bats were found different in different sampling areas 

with Dhaka and Madaripur having higher risk. Spatial difference also reported by previous 
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studies (Sherley et al., 2000; Jardine et al., 2012; Talukdar et al., 2013). Differences in risk 

recognized in the present study might be attributed to the difference in inhabitant’s density, 

improper waste disposal, water supply in the sampled area. 

The current study identified season as a risk factor. Prevalence of Salmonella spp. and 

Staphylococcus spp. was higher in summer and winter seasons and AMR E.coli was higher 

in summer season (Mahmud et al., 2011). Seasonal variation in risks might be due to 

changes in feeding habits and geographical location of bats and host affect the types and 

distribution of bacteria in the gut and so in the faeces (Pinus and Muller, 1980; Gordon and 

FitzGibbon, 1999; Prem Anand and Sripathi, 2004). 

5.7. Limitations of the study 

Sample size: Only 369 samples were collected for laboratory examination. Due to 

limitation of proper time, availability of facilities and limited resources; targeted number 

of sample collection was not possible.  

Sensitivity and specificity: Disk diffusion method is not as sensitive as other detection 

methods such as minimum inhibitory concentration (MIC). Therefore, some 

misclassification might have introduced in the results. 

Identification of Species: Due to time and budget limitations during the study period; 

species & serotypes (Salmonella spp, Staphylococcus spp and Escherichia coli) 

identification of the microorganisms could not be done.  

Gene analysis: Virulent gene analysis (VGA) was not done in this study 
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Chapter-6: Conclusion 

Antimicrobial resistance is presently one of the utmost challenges to the global health care 

because of improper use an antimicrobials substance. Due to shared environment, wild 

animals are in great danger of having resistant bacteria. In bats species, prevalence of 

Salmonella spp., Staphylococcus spp and Escherichia coli in Pteropus medius & Rousettus 

leschenaulti bats was found 10.04-2.86%, 19.65-40.71% & 31.85-25.71%, respectively. 

The prevalent of resistance infection of E. coli was significantly higher than Salmonella 

spp., & Staphylococcus spp. The frequency of fecal samples of bats positive to resistant 

Salmonella spp. was 7.32%, 26.29% samples were positive for resistant Staphylococcus 

spp. and 28.18% for E. coli resistant bacteria. Prevalence of AMR isolates of Salmonella 

spp., in water sample was significantly higher in Faridpur than Dhaka. Together Salmonella 

spp., and E. coli was higher in urban habitat whereas Staphylococcus spp., was higher in 

rural habitat. This could be owing to sharing their feeding habits, host specificity, forage, 

geographical location and environment. Multiple antimicrobial resistances were evidenced 

among Salmonella spp., Staphylococcus spp, and E. coli isolates in small fruits bat faeces 

& water sample. Resistance against Tetracycline, followed by Nalidixic Acid & Ampicillin 

was found to a remarkable level in free ranging bats. Although, small mammals like bats 

do not consume any drug or antimicrobial agents directly but present study found alarming 

level of multidrug resistant organisms in bats but it is unclear how bats get AMR bacteria, 

however water contaminated by people and/or livestock may be a source of infection. The 

antibacterial resistance was observed here in the isolates might be attributed to routine 

indiscriminate use of those antibacterial agents in field condition in the study areas and/or 

rapid chromosomal mutations. So, necessary steps should be taken to control or avoid 

antimicrobial resistance and improve public health threat. 
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Chapter-7: Recommendations and Future perspective 

 

7.1 Recommendations 

Based on the study results, it might be recommended that, to know the exact resistance 

pattern of antimicrobial agents, advanced and molecular research work should be 

conducted in a large scale. Contaminated water, feeding habitats, host specificity, 

geographical location and environment are contaminating with various resistant 

microorganisms due to improper utilization of antimicrobials. Therefore, awareness 

programs and training for professionals should be conducted to limit this practice. 

Antimicrobial resistant drugs should be avoided both in human and animal treatment. To 

ensure proper disposal of drugs, prescribed withdrawal period of drugs by registered 

physician and veterinarian should be followed strictly.  Antimicrobial susceptibility should 

be monitored collaborately in order to select appropriate antimicrobials agents for 

treatment of bacterial infection both in human and animals through one health approach. 

To develop or increase public awareness and motivation regarding AMR aspects, programs 

like school kids awareness should be conducted in a regular basis. Associated wild animal 

species further need to study for antibiogram due to their potentiality of antimicrobial 

resistance reservoir and a source of transmission. 
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7.2 Future perspective 

This study only covered a limited area of Dhaka, Faridpur & Madaripur districts of 

Bangladesh. To explore the risk factors infection and transmission dynamics of resistant 

Staphylococcus spp., E. coli, and Salmonella spp. in small fruit bats, extended study 

targeting individual animals should be arranged. Moreover, an extended study covering the 

whole country and wide range of wildlife might add valuable information regarding the 

transmission dynamics of resistant bacteria.  

Beside this, disc diffusion method was applied to assess antimicrobial susceptibility in this 

study. So, in a future study, we can use other sensitive tests such as double disc synergy 

test, phenotypic confirmatory disc diffusion test, and E-test to discover the different 

findings. 

A good and effective network system was established between CVASU and Eco- Health 

Alliance (an organization working at wild animal research) through this study. Besides, 

present study helped us to develop laboratory skills, field activities, laboratory data 

management and large-scale data analysis. The extended study might be executed through 

the developed laboratory facilities and collaboration with different organizations. 
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Appendix-I 

A Questionnaire to study the epidemiology of antimicrobial resistance pattern of 

Salmonella spp., Staphylococcus spp., and E. coli isolates in free ranging Bats  

 

Roost Id No.:                                                       Date:       /       /2017 

Location/Districts:                                                 Location types: 

GPS Coordinate 

Latitude:                                                                 Longitude:     

Bats Species:                                                          Scientific name:                                         

Fecal consistency:                                                   Roosting pattern: clumped/with 

satellites 

Roost types:  

Elevation of the roost:   

Odour: yes/No 

Drinking water source: Lagoon/Lake/Pond            Proximity to river: 

Tree:                                                                                       Human settlements: 

Topography: Ridge, upper slope, valley bottom 

Sign of human access: Garbage, hunting information 

Any others findings: 

 

 

--------------------------------------- 

Signature of the sample collector 
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Appendix-II 

Protocol of Media Preparation for Bacteriological Culture and Biochemical 

Confirmation 

1. Buffer Peptone Water (BPW) Media (Oxoid, UK) 

It is a pre-enrichment medium to be used prior to selective enrichment for the isolation of 

Bacterial. An amount of 20 grams of powder was added to 1 liter of distilled water which 

has a low mineral content/conductivity. Then it was mixed well, heated and boiled for 1 

minutes and distributed into final containers as 5ml in per falcon tube. Sterilization was 

done by autoclaving at 121°C for 15 minutes. Our final product was Light straw colored 

liquid solution. After cooling to normal temperature it was then stored in a refrigerator for 

the final use. 

2. Xylose Lysine Dextrose (XLD) Media (Oxoid, UK) 

It is a selective medium for the isolation of Salmonellae and Shigella from clinical 

specimens. An amount of 53g powder was suspended into 1 liter of distilled water. It was 

then heated with frequent agitation until the medium boils but it was not overheating. After 

that, it was transferred immediately to a water bath at 50°C. Then, it was poured into sterile 

Petri dishes 4mm thickness as soon as the medium has cooled. The prepared medium was 

a red colored gel. Each of the Petri dishes was then stored in the refrigerator with an 

aluminum foil wrapping for further use. 

3. Mannitol Salt Agar (MSA) Media (Oxoid, UK) 

It is a selective medium for the isolation of presumptive pathogenic Staphylococci. Most 

of the other bacteria are inhibited, with the exception of a few halophilic species. An 

amount of 111 grams of powder was added to 1L of distilled water, which has a low mineral 

content/conductivity. Then it was mixed well, heated and boiled for 1 minutes and 

distributed into Petridis with a 4mm thickness. Sterilization was done by autoclaving at 

121°C for 15 minutes. Our final product was red colored gel solution. After cooling to 
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normal temperature it was then stored in a refrigerator with an aluminum foil wrapping for 

the final use. 

4. Baird Parker Agar (BPA) broth (HiMedia Laboratories): 

Baird Parker Agar Base is recommended for the isolation and enumeration of coagulase 

positive staphylococci from food and clinical samples. Suspend 63.0 grams in 950 ml 

distilled water. Heat to boiling to dissolve the medium completely. Sterilize by autoclaving 

at 15 lbs pressure (121°C) for 15 minutes. Cool to 50°C and aseptically add 50 ml 

concentrated Egg Yolk Emulsion (FD045) and 3 ml sterile 3.5% Potassium Tellurite 

solution (FD047) or 50 ml Egg Yolk Tellurite Emulsion (FD046). For additional 

selectivity, if desired add rehydrated contents of 1 vial of BP Sulpha Supplement (FD069). 

Alternatively, 1 vial of Fibrinogen Plasma Trypsin Inhibitor Supplement (FD195) may be 

used per 90 ml medium in place of Egg yolk Tellurite Emulsion (FD046) for identification 

of coagulase, positive Staphylococci. Mix well and pour into sterile Petri plates. 

5. MacConkey Agar (MA) Media (Oxoid, UK) 

It is a differential medium for the isolation of Coliforms and intestinal pathogens in 

biological specimens. An amount of 52 grams of powder was added to 1 liter of distilled 

water, which has a low mineral content/conductivity. Then it was mixed well, heated and 

boiled for 1 minutes and distributed into Petridis with a 4mm thickness. Sterilization was 

done by autoclaving at 121°C for 15 minutes. Our ending product was dark red colored gel 

solution. After cooling to normal temperature it was then stored in a refrigerator with an 

aluminum foil wrapping for the final use. 

6. Eosin Methylene Blue (EMB) Agar Media (Oxoid, UK) 

It is the isolation medium for the differentiation of the Enterobacteriaceae. For its 

preparation, an amount of 37.5 grams powder was added to 1 liter of distilled water, which 

has a low mineral content/conductivity. Then it was mixed well, heated and boiled for 1 

minutes and distributed into Petridis with a 4mm thickness. Sterilization was done by 

autoclaving at 121°C for 15 minutes. Our final product was dark purple colored gel 
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solution. After cooling to normal temperature it was then stored in a refrigerator with an 

aluminum foil wrapping for the final use. 

7. Blood Agar (BA) Media (Oxoid, UK) 

It is a non-selective and general-purpose medium which may be enriched with blood or 

serum which is suitable for the cultivation of fastidious pathogens and other 

microorganisms. An amount of 40 grams blood agar powder was suspended in 1 liter 

distilled water and heated to bring to the boil to dissolve the medium completely. The 

suspending medium was then sterilized by autoclaving at 121°c for 15 minutes and then 

cooled at 45-50°c and kept it at the room temperature. For 5% sheep blood agar preparation, 

an amount of 5ml defibrinated sheep blood was added to the prepared 100 ml of blood agar 

base and poured into Petridis aseptically. The Petri dishes containing medium were allowed 

to dry before storing in a refrigerator for the future use. 

8. Brain Heart Infusion Broth (BHIB) Media (Oxoid, UK)  

It is a highly nutritious fermentation medium recommended for the cultivation of 

Streptococci, Neisseria, and other fastidious organisms. An amount of 37 grams of powder 

was added to 1liter of distilled water, which has a low mineral content and/or conductivity. 

Then it was mixed well, heated and boiled for 1 minutes and distributed into falcon tubes. 

Sterilization was done by autoclaving at 121°C for 15 minutes. Our final product was the 

straw-colored solution. After cooling to normal temperature it was then stored in a 

refrigerator for the final use. 

9. Muller-Hinton Agar (MHA) Media (Oxoid, UK) 

It is an antimicrobial susceptibility testing medium which may be used in internationally 

recognized standard procedures. An amount of 38 grams powder was added to 1 liter of 

distilled water, which has a low mineral content/conductivity. Then it was mixed well, 

heated and boiled for 1 minutes and distributed into Petridis with a 4mm thickness. 

Sterilization was done by autoclaving at 121°C for 15 minutes. Our final product was straw 

colored gel solution. After cooling to normal temperature it was then stored in a refrigerator 

with an aluminum foil wrapping for the final use. 
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10. Triple Sugar Iron broth (Oxoid, UK): 

It is a composite medium for the differentiation of Enterobacteriaceae by three sugar 

fermentations and hydrogen sulfide production. An amount of 65 grams of powder was 

added to 1 liter of distilled water, which has a low mineral content/conductivity. Then it 

was mixed well, heated and boiled for 1 minutes and distributed into falcon tube. 

Sterilization was done by autoclaving at 121°C for 15 minutes. Our final product was straw 

colored gel solution. Then we had allowed the medium to set in sloped form with a butt 

about 1 inch deep. After complete formation of butt, it was then stored in a refrigerator 

with an aluminum foil wrapping for the final use. 
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Appendix-III 

Pictorial Presentation 

  

 

 

 

 

 

 

 

 

Figure 8: Fecal sample collection from different roosting site 

                                                Figure 7: Roost of Bats in different habitats   

Figure 9: Inoculation sample in different media  
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Figure 10: Salmonella spp.,  Figure 11: Staphylococcus spp 

Figure 12: Escherichia coli 

Figure 14: Antibiogram test by disc diffusion method  

Figure 13: Antibiotics resistance test  
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