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Abstract 

An investigation was carried out to assess the microbiological safety level of water used in 

different poultry farms at Chittagong. All the samples were subjected to Most Probable Number 

(MPN) determination for observing the bacterial load. Further, culturing and biochemical test 

were conducted to isolate E. coli from MPN positive samples. Samples were also investigated for 

the presence of shiga toxin producing genes and antimicrobials sensitivity genes. Total 103 were 

found positive with MPN index count out of 150 water samples, 35 of them were positive for E. 

coli. There was a highly significant variation (P value < 0.05) in MPN index count with pH 

values, water source, geographical locations, farm types and water treatment. Zero coliform 

count was recorded in only 6% samples with lower pH value (4-5) indicating high bacterial 

contamination, whereas water with neutral pH values (7-7.5) was found less susceptible to 

bacterial contamination as 42% samples gave zero coliform count. Though all the water sources 

were found to be contaminated with bacteria, however, among them, high bacterial 

contamination was recorded from water samples of drinkers. Total 9 places were included in our 

study. Of them, samples from Hathazari showed highest zero coliform count (60%), in contrary, 

rest of the places was almost similar (20-33%) with zero coliform count. Water from broiler and 

layer farms were highly affected with different coliform bacteria, whereas samples of broiler 

farms were highly positive (46%) in coliform count (1001 and above). Water treatment with 

bleaching powder was only practiced in breeder farms. In  case  of treated  water  samples,  60%  

samples  gave  zero  coliform  count indicates lower contamination comparing with non-

treatment water. Total 15 (30%) E. coli isolates were collected from Broiler and Layer farms, 

whereas lower number was observed in Breeder farms (10%). There was no significant variation 

(p-value > 0.05) among water sources with E. coli isolation. Molecular detection of all 35 E. coli 

isolates revealed no evidence of shiga toxin producing genes (stx1, stx2 or both). The E. coli 

isolates were susceptible to colistin sulphate and gentamicin with an intermediate sensitivity to 

norfloxacin and doxycyline. The organisms showed 94.29% and 91.43% resistance to ampcillin 

and tetracycline, respectively. Extensive studies are recommended for the molecular study of 

different coliform bacteria found in water used in poultry farms and for assessing the effects of 

the multidrug resistance organisms on poultry population. 

Keywords: Poultry, MPN, E. coli, PCR, Antimicrobial resistance 
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Chapter I: Introduction 

A safe water supply is essential for healthy livestock and poultry. Contaminated water can affect 

growth, reproduction, and productivity of animals as well as safety of animal products for human 

consumption. Contaminated water supplies for livestock and poultry can also contaminate human 

drinking water. For these reasons, farm water supplies should be protected against contamination 

from bacteria, nitrates, sulfates, and pesticides (Hairston, 1995). 

The use of consumption water with high physical, chemical and microbiological qualities is of 

fundamental importance in animal production because many animals have access to the same 

water source and a problem in the water quality would affect a great number of animals. This is 

particularly relevant in poultry production, where one single water source serves thousands of 

animals. Therefore, control measures must be considered as priority, in order to prevent the 

occurrence of diseases that are spread through water, and would certainly result in great 

economical losses. Although water does not provide ideal conditions for pathogenic 

microorganism to multiply, they will generally survive for enough time to allow waterborne 

transmission. Water is, therefore, an excellent transmission route of agents responsible for 

human and animal diseases, mainly those in which fecal-oral transmission occurs, since 

contamination of water supplies is still gradually increasing as a result of urban and rural 

activities (Amaral, 2004). 

The aim of using good litter material in broiler production is to prevent the direct contact of the 

bird with the floor and to promote the absorption of the fecal moisture (Oliveira & Carvalho, 

2002). Several materials have been used as litter, such as wood shavings and rice husks, and 

other materials, such as paper, peanut hulls, and sand and those have association with water 

contamination in poultry farms (Hernandes et al., 2002; Santos et al., 2000). Animals need to 

consume sufficient water to satisfy their requirements. However, more important than water 

quantity is water quality, as the hygienic and physical-chemical quality of drinking water plays a 

key role in ensuring efficient animal production (Amaral et al., 1999; Li, 2009). Water is 

involved in every aspect of poultry metabolism and plays an important role in body temperature 

regulation, food digestion, and body waste excretion (Valias & Silva, 2001). 
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E. coli is used as indicator of water safety regarding fecal contamination in almost all water 

quality legislation in the world. It is the microbiological parameter that is most frequently 

monitored in drinking water and bathing water surveillance. E. coli is a bacterium that resides in 

high numbers in the intestines of warm blooded animals and has proven its value to detect fecal 

contamination in water (OECD, 2003). Culture techniques are routinely used for the examination 

of the presence of E. coli. These methods consist of a selective culture step followed by 

biochemical or genetic (Heijnen and Medema, 2006) confirmation of presumptive E. coli 

colonies or cultures methods attractive alternatives and has resulted in the development of 

different PCR methods to directly detect E. coli in water samples (Bej et al., 1996;  Heijnen and 

Medema, 2006). 

The present study was therefore designed to determine the microbiological safety level of water 

used in poultry farms at Chittagong. 

The objective of this study was, therefore,  

1. To assess the bacterial load in waters of poultry farm 

2. To know the prevalence of E. coli in poultry water 

3. To find out most possible source or other risk factors associated with water 

contamination 

4. To determine the antimicrobial susceptibility patterns of E. coli isolated from water 
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Chapter II: Review of Literature 

2.1 Importance of safe drinking water in Poultry Farms 
Water is the most abundant and widely distributed chemical compound in the world and also an 

essential nutrient for birds. Use of consumption water with high physical, chemical and 

microbiological qualities has great value in poultry industry. Due to access on same water 

source, a problem in the water quality can arise which ultimately would affect a great number of 

animals. This is particularly relevant in poultry production, where one single water source serves 

thousands of birds. Most common poultry diseases including bacterial, viral and protozoan 

diseases can be transmitted via drinking water. Therefore, control measures must be considered 

as priority, in order to prevent the occurrence of diseases that are spread through water, and 

would certainly result in great economical losses. Although water does not provide ideal 

conditions for pathogenic microorganism to multiply, they will generally survive for enough 

time to allow waterborne transmission. Water is, therefore, an excellent transmission route of 

agents responsible for human and animal diseases, mainly those in which fecal-oral transmission 

occurs, since contamination of water supplies is still gradually increasing as a result of urban and 

rural activities (Amaral, 2004). 

Water is involved in every aspect of poultry metabolism. It plays important roles in regulating 

body temperature, digesting food, and eliminating body wastes. At normal temperatures, poultry 

consume at least twice as much water as feed. When heat stress occurs, water consumption will 

double or quadruple. A safe and adequate supply of water is therefore essential for efficient 

poultry production (Carter and Sneed, 1996). Diseases that can be transmitted to the bird flock 

through the drinking water may originate from water contamination by feces and secretions of 

sick birds, or by the utilization of water already contaminated by pathogenic organisms that 

originate from other animal species and the man, such as in the case of Salmonella and E. coli, 

respectively (Gama, 1995). 

A safe water supply is essential for healthy livestock and poultry. Contaminated water can affect 

growth, reproduction, and productivity of animals as well as safety of animal products for human 

consumption. Contaminated water supplies for livestock and poultry can also contaminate human 
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drinking water. For these reasons, farm water supplies should be protected against contamination 

from bacteria, nitrates, sulfates, and pesticides (Hairston, 1995). 

2.1.1 Water Requirement 
Adequate supply of clean, good quality water is essential in order to fully utilize the potential of 

modern poultry genotypes selected for superior performance characteristics (Olkowski, 2009). 

Table 1 - Water Consumption in various classes of poultry 

Age 

(Weeks) 

Water Consumption (ml of water per week per bird)* 

Broiler Chickens White Leghorn Hens Brown Egg Laying Hens 

1 225 200 200 

2 480 300 400 

3 725 - - 

4 1000 500 700 

5 1250 - - 

6 1500 700 800 

7 1750 - - 

8 2000 800 900 

9 - - - 

10 - 900 1000 

12 - 1000 1100 

14 - 1100 1100 

16 - 1200 1200 

18 - 1300 1300 

20 - 1600 1500 

*Based on data completed from National Research Council, 1994. 

The water requirement for poultry depends on numerous environmental variables such as 

temperature and relative humidity, the composition of the diet, and production parameters 

(growth rate, egg production). Although there is large individual variability, it is generally 

assumed that water consumption in birds is approximately double the amount of feed consumed. 

Water intake can be influenced by diet form and composition. For instance, in comparison to 
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mash diets, poultry offered pelleted or crumbled diets will increase both feed intake and water 

intake. Increasing crude protein in the diet will increase water intake. Also, dietary salt content 

will influence water intake. 

2.1.2 Different Water Sources  
Different water sources may be used in the rural area for animal consumption, such as springs, 

shallow wells, deep and artesian wells, lakes and creeks. From a microbiological point of view, 

the sources of superficial water are more subjected to contamination than the underground 

waters, although the latter are also susceptible to this type of contamination. The most common 

underground waters used in the rural area are:  

Springs: Places where water comes up through the ground or rock and flows naturally to the 

ground surface or to water masses.  

Shallow wells: Vertical hole manually dug in the ground and used to withdraw water. The 

diameter is from 1 to 5 meters and the depth varies from 3 to 12 meters. 

Deep wells: well in an unconfined aquifer, drilled using machines and generally tubular. 

Artesian wells: confined aquifers that sometimes contain water with pressure enough to bring it 

to the soil surface. They are more protected because there are layers of impermeable material 

below and above them and because they are more profound than the other water sources already 

mentioned (Amaral, 2004). 

2.1.3 Drinking Water Quality for Poultry  
If the number of microorganisms found in a water sample is too high, it indicates that the water 

supply is contaminated. Well water is normally tested for the total bacteria level, the coliform 

bacteria level, and occasionally for the fecal coliform bacteria level. Coliform bacteria are 

organisms normally found in the digestive tracts of livestock, humans, and birds. Their presence 

in water is used as a sign of fecal contamination. 

Standards for animal drinking water indicate that there should be fewer than 100 bacteria of all 

types per milliliter (ml) of water and fewer than 50 coliform bacteria per ml (Table 2). Recent 

field research indicates that a bacteria level of zero may be desirable to obtain optimum 

performance (Carter and Sneed, 1996). 
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Table 2 - Drinking water quality guidelines 

Contaminant 

 

Level 

Considered 

Average 

Maximum 

Acceptable 

Level 

Remarks 

Bacteria Total 

Bacteria 

0/ml 100/ml 0/ml is desirable 

Coliform 

Bacteria 

0/ml 50/ml 0/ml is desirable 

Nitrogen 

Compounds 

Nitrtate 10mg/1 25mg/1 Levels from 3 to 20 mg / l may 

affect performance 

 

Acidity and 

Hardness 

pH 6.8 - 7.5 - a pH of less than 6.0 is not 

desirable. Levels below 6.3 may 

degrade performance. 

Total 

Hardness 

60 – 180 - Hardness levels less than 60 are 

unusually soft, those above 180, 

very hard. 

 

 

Naturally 

Occurring 

Chemicals 

Calcium 60mg/1 - - 

Chloride 14mg/1 250mg/1 Levels as low as 14 mg / l may be 

detrimental 

Copper 0.002 mg / l 0.6 mg / l Higher levels produce a bitter 

flavor. 

Iron 0.2 mg / l 0.3 mg / l Higher levels produce a bitter 

flavor. 

Lead  0.02 mg / l Higher levels are toxic. 

Magnesium 14 mg / l 125 mg / l Higher levels have a laxative 

effect. 

Sodium 32 mg / l - Levels above 50 mg / l may affect 

performance. 

Sulfate 125 mg / l 250 mg / l Higher levels have a laxative 

effect. 

Zinc 1.50 mg / l  Higher levels are toxic. 

Source: Schwartz DL, "Water Quality," VSE, 81c., Penn. State Univ. (mimeographed); and 

Waggoner R, Good R, and Good R, "Water Quality and Poultry Performance," in Proceedings 

AVMA Annual Conference, July, 1984. 

The acidity or alkalinity of water is expressed as its pH level. Neutral water (that which is neither 

acid nor alkaline) has a pH of 7. Acidic water has a pH lower than 7 and alkaline water has a pH 

greater than 7. Well water normally has a pH in the range from 6.8 to 7.8, although it is not 
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uncommon for the pH to be either higher or lower (Carter and Sneed, 1996). Little is known 

about the specific pH‟s effect on water intake, animal health and production, or the microbial 

environment in the rumen. The preferred pH of drinking water for poultry is 6.5 to 8.5 (Halls, 

2008). Waters with a pH outside of the preferred range may cause nonspecific effects related to 

digestive upset, diarrhea, poor feed conversion and reduced water and feed intake. The pH of 

water may impact animal health in some animals more than in others. For instance, in ruminants, 

consumption of water with a pH below 5.5 may contribute to metabolic acidosis, whereas 

alkaline water with pH greater than 8.5 may result in higher risk of metabolic alkalosis 

(Olkowski, 2009). 

2.2 What are the coliform 
The coliform group includes a broad diversity in terms of genus and species, whether or not they 

belong to the Enterobacteriaceae family. In standard methods for the examination of water and 

wastewater, coliform group members are described as all aerobic and facultative anaerobic, 

Gram negative, non-spore-forming, rod-shaped bacteria that ferment lactose with gas and acid 

formation within 48 h at 35 °C (multiple-tube fermentation technique) or all aerobic and many 

facultative anaerobic, Gram-negative, non-spore forming, rod-shaped bacteria that develop a red 

colony with a metallic sheen within 24 h at 35 °C on an Endo-type medium containing lactose 

(membrane filter technique) (APHA, 1998). 

The concept of coliform as bacterial indicators of microbial water quality is based on the premise 

that because coliforms are present in high numbers in the feces of humans and other warm-

blooded animals, if fecal pollution has entered drinking water, it is likely that these bacteria will 

be present, even after significant dilution. With few exceptions, coliforms themselves are not 

considered to be a health risk, but their presence indicates that fecal pollution may have occurred 

and pathogens might be present as a result. The coliform group of bacteria, is a functionally-

related group which all belong to a single taxonomic family (Enterobacteriaceae) and comprises 

many genera and species. Table 3 contains an example of the relationship between family, 

genera and species for coliforms. There are other genera in the Enterobacteriaceae family, such 

as Salmonella and Shigella that are not considered coliforms (Stevens et al., 2003). 
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The US Environmental Protection Agency (EPA) has approved several methods for coliform 

detection: the multiple-tube fermentation technique, the membrane filter technique and the 

presence/absence test (including the ONPG-MUG test). AFNOR (1990) has approved the 

multiple-tube fermentation technique and the membrane filter technique. 

Table 3 - Family, Genera and Species of some common Coliforms 

Family Genera  Species 

Enterobacteriaceae Escherichia Escherichia coli 

(E. coli) 

 Klebsiella Klebsiella penumoniae 

(K. penumoniae) 

 Enterobacter Enterobacter amnigenus 

(E. amnigenus) 

 Citrobacter Citrobacter freundii 

(C. freundii) 

 

Table 4 - Distribution of Coliform Genera in human and animal faeces. 

Sample Type % of Total Coliform 

E. coli Klebsiella 

spp. 

Enterobacter/Citrobacter 

spp. 

Reference 

Human Faeces 96.8 1.5 1.7 Dufour (1977) 

94.1 - 5.9 Allen and 

Edberg (1995) 

Animal  94 2 4 Dufour (1977) 

 92.6 - 7.4 Allen and 

Edberg (1995) 

 

Of the coliforms normally present in the gut of warm-blooded animals, E. coli is the most 

numerous and is also the only coliform which rarely grows in the environment. Table 4 shows 

the distribution of coliforms present in human and animal feces (Stevens et al., 2003). E. coli is 

the most common coliform among the intestinal flora of warm-blooded animals and its presence 
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might be principally associated with fecal contamination. No E. coli are therefore allowed in 

drinking water. 

2.3 Microbiological safety level of Coliform in poultry drinking water 
In Brazil different research advices that water with total and fecal coliforms of 20,000/100 mL 

and 4,000/100 mL, respectively can be used as drinking water for animals. The observation of 

such values in the drinking water of larger animals may not result in health damage (Brasil, 

1986). Concerning poultry production, these limits may represent sanitary problems to the flock. 

The birds are smaller and precocious animals, and their lower resistance may cause them to be 

more susceptible to infections, mainly caused by pathogens of intestinal origin that might be 

present in water with the fecal pollution. Therefore, Macari (1997) and Englert (1998) 

recommend that waters with potability levels similar to levels applicable to humans should be 

also used for birds. 

Schwartz (1984) and Waggoner and Good, 1984 and Reddy et al., 1995 considered that the 

number of microorganisms in the drinking water of birds should be 100 CFU/mL for total 

bacteria and 50 CFU/mL for coliforms. The mean levels of E. coli in the water of a broiler farm 

that used bell-type drinkers were 104 microorganisms/mL in the first week of life (Barros et al., 

2001), a concerning finding since this is a high fecal contamination associated to young age of 

the birds. Meza (1989) states that there should be a better bacteriological control of the water 

provided to the birds during the initial phase, since there is a fast bacterial growth and the health 

risk is increased for the for birds from 1 to 21 days of age. 

2.4 Escherichia coli(E. coli) 
E. coli were first described in 1885 by Theodor Escherich (Escherich, 1988). Escherich, a 

Bavarian pediatrician, had performed studies on the intestinal flora of infants and had discovered 

a normal microbial inhabitant in healthy individuals, which he named Bacterium coli commune. 

In 1919, the bacterium was renamed in his honour to E. coli (Kaper, 2005).  The species E. coli 

comprises gram-negative, oxidase-negative straight cylindrical rods measuring 1.1-1.5 x 2.0-6.0 

μm. They are aerobic and facultative anaerobic, rendered motile by peritrichous flagella, or non-

motile. The 16S rRNA based phylogenetic tree illustrates its relatedness with other 

representatives of genera within the Enterobacteriaceae family. Phylogenetic analysis has 



Page | 10  
 

demonstrated a very close relation between E. coli, Salmonella spp. and Citrobacter freundii 

(Scheutz & Strockbine, 2005). 

With the exception of Shigella boydii serotype 13, the four species of Shigella, (S. dysentieriae, 

S. flexneri, S.boydi and S. sonnei) show such a high degree of relatedness to E. coli that these 

five could be considered a single species. However, the distinction still prevails, for historical 

and medical reasons (reviewed by Scheutz & Strockbine, 2005). 

The taxonomy of E. coli is summarized below: 

Phylum: Proteobacteria 

   Class:  Gammaproteobacteria 

      Order: Enterobacteriales 

         Family: Enterobacteriaceae 

              Genus: Escherichia 

                Species: Escherichia coli (VetBakt, 2007) 

 

2.4.1 Diversities of Pathogenic E. coli 
Most E. coli are harmless commensals which are part of the natural gastrointestinal flora in the 

lower intestine of warm-blooded animals. These are considered beneficial for maintaining a 

healthy intestinal ecosystem and have even been candidates for probiotic treatment to counteract 

a variety of enteric diseases. However, some subsets of E. coli have acquired specific virulence 

attributes that render them capable of causing a variety of illnesses in healthy humans and 

animals (Kaper et al., 2004). 
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Table 5 - Intestinal pathogenic E. coli  

Pathotype General features Principal  virulence factors 

 

EPEC  

Enteropathogenic 

EPEC was the first pathotype of E. coli 

to be described. 

Pathogenicity island LEE, (McDaniel et 

al., 1995) 

Type III secretion system, intimin, Tir, 

EspA, EspB, EspD, EspF 

ETEC  Enterotoxigenic 

The organism is an important cause of 

childhood and travelers‟ diarrhea in 

developing countries (Nataro & Kaper, 

1998) 

Colonization factor antigens (CFA)  

Heat-labile toxin (LT) 

Heat-stable toxin (STa, STb) 

EHEC  

 

Enterohemorrhagic 

EHEC causes bloody diarrhea 

(hemorrhagic colitis) and hemolytic 

uremic syndrome (HUS).  

Pathogenicity island LEE 

Type III secretion system, intimin, Tir 

The key virulence factor for EHEC is 

Stx, which is also known as 

verocytotoxin The Stx family contains 

two subgroups Stx1 and Stx2  (VT) 

EIEC  Enteroinvasive 

EIEC are responsible for diarrhea  

Invasion plasmid (pINV) 

EAEC/ 

EAggEC 

 

Enteroaggregative 

It is a cause of persistent diarrhea in 

children and adults in both developing 

and developed countries.  

Aggregative adherence fimbrieae 

(AAFs) 

EAEC flagellin 

Toxins (Pic, ShET1, EAST) 

DAEC  

 

Diffuse-adhering 

DAEC have been implicated as a cause 

of diarrhea in several studies, 

particularly in children >12 months of 

age (Nataro & Kaper, 1998) 

Fimbrial adhesin F1845 

 

Interestingly, most acquired virulence factors that distinguish pathogenic E. coli from 

commensals are encoded by mobile genetic elements such as plasmids, bacteriophages and 

transposons. Genes coding for virulence factors are often located in the chromosome on 
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pathogenicity islands (PAI), large genomic regions that cannot be found in commensals. These 

often include genetic elements that might once have been mobile but subsequently evolved to be 

locked into the genome (Scheutz & Strockbine, 2005; Kaper et al., 2004). The pathogenic E. coli 

are divided into different pathotypes according to virulence factors they possess. Different 

pathotypes of E. coli in humans (James et al., 2004) are described in Table 5 and 6. 

Table 6 - Extra-intestinal pathogenic E. coli (ExPEC) 

Pathotype General features Main virulence factors 

UPEC Uropathogenic 

E. coli 

 

The subset of E. coli that causes 

uncomplicated cystitis and acute 

pyelonephritis. 

Adhesins (typ 1, F1C, S, M, Dr) 

P fimbriae (Pap) 

Cytotoxic necrotizing factor 

(CNF-1) 

Haemolysin (HlyA) 

MNEC 

Meningitis/sepsis-

associated E. coli 

This is the most common cause 

of Gram negative neonatal 

meningitis. 

 

Fimbrial adhesin F1845 

 

2.4.2 Risk Associated with E. coli O157 
The bacteria, E. coli O157:H7 and the E. coli O157: H-non-motile variants, generally referred to 

as E. coli O157, have become a significant public health concern throughout the world. From the 

perspective of livestock water quality issues, these bacteria should be recognized as a potential 

hazard because of its ability to survive and multiply in water (Armstrong et al., 1996; Coia, 

1998). 

Cattle are considered a primary source of these bacteria, and water contaminated with cattle 

feces, as well as direct or indirect contact with live cattle, are considered major routes of human 

infection. Cattle that carry E. coli O157 are asymptomatic, but in humans this pathogen creates 

severe disease, and in many cases is the cause of death. The risk to the general population from 

contaminated water sources is very high (remember Walkerton, ON). 
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It is noteworthy that pathogenic E. coli O157 can easily be disseminated among cattle through 

contaminated water sources (Shere et al., 2002), and drinking water can be a long-term reservoir 

and a persistent source of cattle exposure (Lejeune et al., 2001). At the herd level, E. coli O157 

is ubiquitous in both dairy and beef cattle operations (Faith et al., 1996; Hancock et al., 1998; 

Shere et al., 2002; Van Donkersgoed et al., 2001; Renter et al., 2003). In situations more specific 

to the feedlot environment, contamination of drinking water with E. coli O157 appears to be 

wide spread problem. VanDonkersgoed et al. (2001) reported the presence of these bacteria in 

12% of water tanks from pens containing pre-slaughter cattle. A more recent study (Sargeant et 

al., 2004) showed at least one water tank was positive for E. coli O157 on 60% of the feedlots. 

The health hazards associated with pathogens in both humans and livestock are well 

documented. A contaminated water supply may introduce high numbers of organisms into a 

group of animals, and this scenario may create a significant „multiplier‟ effect through the food 

chain. The potential impact of pathogens such as E. coli O157 must be taken seriously in the 

context of water quality issues. In modern agriculture, strict management of water supplies for 

livestock must take into consideration contamination with water-borne microbial pathogens. The 

effort to address these problems should be focused on protection of water sources from 

contamination. 

2.4.3 Mode of transmission 
Horizontal dissemination is the most likely method of transmission (Dho-Moulin et al., 1999) via 

the environment, more specifically from other birds, feces, water and feed however, Barnes et al. 

(1997) suggested that rodents may be carriers of Avian pathogenic E. coli (APEC) and hence a 

source of contamination for the birds. An unfavorable housing climate, like an excess of 

ammonia or dust, renders the respiratory system more susceptible to APEC infections through 

deciliation of the upper respiratory tract (Barnes and Gross, 1997). Airsacculitis is observed at all 

ages in this case the bird is infected by inhalation of dust contaminated with fecal material, 

which may contain 106 CFU of E. coli per gram (Harry, 1964). This aerogenic route of infection 

is considered as the main origin of systemic Colibacillosis or Colisepticemia (Pourbakhsh et al., 

1997; Dho-Moulin, 1999). 
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2.4.4 Isolation and identification of E. coli 

2.4.4.1 Culture 

The MacConkey agar or Eosin methylene blue (EMB) agar (or both) are specific media for 

detection of E. coli. On MacConkey agar, deep red colonies are produced, as the organism is 

lactose-positive, and fermentation of this sugar will cause the medium's pH to drop, leading to 

darkening of the medium. Growth on EMB agar produces black colonies with a greenish-black 

metallic sheen (Paton and Paton, 1998). 

2.4.4.2 Biochemical properties 

The biochemical properties of E. coli are 

 They are lactose positive, and grows on TSI (Triple sugar Iron test) slant with a 

(A/A/g+/H2S-) 

 E. coli ferments glucose and lactose producing acid and carbon dioxide.  Acid causes the 

phenol red indicator in the agar to turn yellow.  Carbon dioxide is observed as bubbles or 

cracks in the agar. There is no hydrogen sulfide production, as indicated by the lack of 

black precipitate in the agar (Carter and Cole,1990) 

 It is also, IMViC  {+ + – –) (Indole positive, methyl red positive and Voges–prauskeur 

negative and citrate negative) 

 E. coli; as it is indole-positive produced (red ring) in the peptone medium 

(Cheesbough,1985) 

 Methyl red-positive (bright red) and VP-negative (no change-colorless in MR-VP(Methyl 

red- and Voges–prauskeur ) broth (Cheesbough,1985) 

 Citrate-negative (no change-green color) in citrate medium 

Tests for toxin production can be done using mammalian cells in tissue culture, which are rapidly 

killed by shiga toxin. Although sensitive and very specific, this method is slow and expensive 

(Paton and Paton, 1998). 

2.4.4.3 Classical methods 

2.4.4.3.1 Multiple-tube fermentation technique 

The technique of enumerating coliforms by means of multiple-tube fermentation (MTF) has been 

used for over 80 years as a water quality monitoring method. The method consists of inoculating 
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a series of tubes with appropriate decimal dilutions of the water sample. Production of gas, acid 

formation or abundant growth in the test tubes after 48 h of incubation at 35 °C constitutes a 

positive presumptive reaction. Both lactose and lauryl tryptose broths can be used as pre- 

sumptive media, but Seidler et al. (1981) and Evans et al. (1981) have obtained interference, 

with high numbers of non-coliform bacteria, using lactose broth. All tubes with a positive 

presumptive reaction are sub-sequently subjected to a confirmation test. The formation of gas in 

a brilliant green lactose bile broth fermentation tube at any time within 48 h at 35 °C constitutes 

a positive confirmation test. The fecal coliform test (using an EC medium) can be applied to 

determine TC that are FC (APHA et al., 1998): the production of gas after 24 h of incubation at 

44.5 °C in an EC broth medium is considered as a positive result. The results of the MTF 

technique are expressed in terms of the most probable number (MPN) of microorganisms 

present. This number is a statistical estimate of the mean number of coliforms in the sample. As 

a consequence, this technique offers a semi-quantitative enumeration of coliforms. Nevertheless, 

the precision of the estimation is low and depends on the number of tubes used for the analysis: 

for example, if only 1 ml is examined in a sample containing 1 coliform/ml, about 37% of 1 ml 

tubes may be expected to yield negative results because of the random distribution of the bacteria 

in the sample. But, if five tubes, each with 1 ml sample, are used, a negative result may be 

expected less than 1% of the time (APHA et al., 1998). Many factors may significantly affect 

coliform bacteria detection by MTF, especially during the presumptive phase. Interference by 

high numbers of non- coliform bacteria (Seidler et al., 1981; Evans et al., 1981; Means and 

Olson, 1981), as well as the inhibitory nature of the media (McFeters et al., 1982), have been 

identified as factors contributing to underestimates of coliform abundance. The MTF technique 

lacks precision in qualitative and quantitative terms. The time required to obtain results is higher 

than with the membrane filter technique that has replaced the MTF technique in many instances 

for the systematic examination of drinking water. However, this technique remains useful, 

especially when the conditions do not allow the use of the membrane filter technique, such as 

turbid or colored waters. MTF is easy to implement and can be performed by a technician with 

basic microbiological training, but the method can become very tedious and labor intensive since 

many dilutions have to be processed for each water sample. However, it is also relatively 

inexpensive, as it requires unsophisticated laboratory equipment. Nevertheless, this method is 
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extremely time-consuming, requiring 48 h for presumptive results, and necessitates a subculture 

stage for confirmation which could take up to a further 48 h. 

2.4.4.3.2 Membrane filter technique 

The membrane filter (MF) technique is fully accepted and approved as a procedure for 

monitoring drinking water microbial quality in many countries. This method consists of filtering 

a water sample on a sterile filter with a 0.45 mm pore size which retains bacteria, incubating this 

filter on a selective medium and enumerating typical colonies on the filter. Many media and 

incubation conditions for the MF method have been tested for optimal recovery of coliforms 

from water samples (Grabow and du Preez, 1979; Rice et al., 1987). Among these, the most 

widely used for drinking water analysis are the Endo-type media in North America (APHA et al., 

1998) and the Tergitol-TTC medium in Europe (AFNOR, 1990). Coliform bacteria form red 

colonies with a metallic sheen on an Endo-type medium containing lactose (incubation 24 h at 35 

°C for TC) or yellow-orange colonies on Tergitol-TTC media (incubation 24 and 48 h at 37 and 

44 °C for TC and FC, respectively). 

2.4.4.4 Molecular Investigation  

The following molecular methods are usually used to identify Escherichia coli 

2.4.4.4.1 Polymerase chain reaction (PCR) 

Candrian et al. (1991) developed a PCR assay specific for E. coli allowing rapid and 

unambiguous identification. It has a relatively modified internal transcribed 16S rRNA gene 

sequence compared to other members of Enterobacteriaceae. 

2.4.4.4.2 Multi Locus sequence Typing (MLST) 

Multi Locus sequence typing is a well established method for characterizing bacteria (Gordon, 

2010). It is used for a variety of different bacteria to understand clonal groups and phylogenetic 

relatedness. In MLST seven housekeeping genes from the core genome are selected and 300-700 

bp region of each of these genes are sequenced (Cooper and Feil, 2004). These sequence profiles 

can be used to determine the ancestry and relatedness of each strain (Gordon, 2010).  

2.4.4.4.3 Pulsed field gel electrophoresis (PFGE) 

It is considered as the gold standard in typing bacterial isolates (Riley, 2004; Georging 2010). 

According to Georging (2010) the method involves the extraction of DNA in a plug followed by 

restriction digestion with the appropriate restriction enzymes (Xba1 and NOTI). The large 
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fragments 30- 50 kbp produced as a result of restriction enzyme digestion is separated on agarose 

gel by altering field direction (current). This forces the small fragments to move faster than the 

large fragments on the agarose gel which results in a DNA pattern specific to each clone. 

2.4.4.4.4 Random amplification of polymorphic DNA  

Random amplification of polymorphic DNA (RAPD) is a simple PCR based genotyping method 

that uses short oligonucleotides of random sequence (Williams et al., 1990). The random 

sequences bind to random priming sites and amplify DNA segments of variable lengths (Hadrys 

et al., 1992). This results in a pattern of small and large DNA fragments (Williams et al., 1990). 

These patterns would be identical for clonal bacterial population (Gordon, 2010) and have been 

proposed as alternatives for using to characterize E. coli isolates of avian origin 

(Chansiripornchai et al., 2001 and de Moura et al., 2001). 

2.4.4.4.5 Clermont phylogenetic grouping 

Clermont phylogenetic grouping is a simple and rapid method that was used by Clermont et al. 

(2007) to identify the phylogenetic groups of E. coli. This method uses a triplex PCR to identify 

the phylogenetic group by examining the presence or absence of two genes (ChuA and YiaA) 

and a DNA fragment (TSPE4.C2). 

2.4.4.4.6 DNA Microarray Technology 

This technique is based on testing water samples for the actual genetic material of a 

microorganism, rather than relying on growing the microbe, or using a microscope. Large 

amounts of known genetic information (DNA or RNA) can be stored on a very small surface and 

used to detect microbes in a sample by reacting with complementary DNA or RNA from the 

microbial population. The microarray method was first developed by Stanford University (Elkins 

and Chu, 1999) and was called “DNA Microarray”. It is envisaged that these methods can reduce 

the time of analyses for fecal indicators to 4 hours and reduce the cost significantly. 

2.4.4.4.7 Fluorescent in situ Hybridisation (FISH) 

FISH is another genetic method for detecting microorganisms. The method uses a fluorescent 

marker attached to the DNA of the microorganism that is being investigated. The sample can be 

processed on a fixed surface, generally a microscope slide, and if the target microorganism is 

present, the reaction results in the microorganism “glowing”. This is then viewed using a 
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fluorescence microscope. A number of FISH methods have been developed for the detection of 

total coliforms and enterococci (Fuchs et al., 1998; Meier et al., 1997; Patel et al., 1998). 

2.5 Microbiological assessment of water samples from different sources 
Malaney and Weiser (1962) isolated coliform bacteria from pond water of Central North, Central 

Southeastern and Southwestern Ohio whereas Kroger and Noll (1969) cultured water samples of 

180 wells and isolated high proportion of E. coli with other members of family 

Enterobacteriaceae. 

Lin et al. (1974) conducted a bacteriological study of spoon river water and found 200 coliforms 

per 100 ml water. However, Dragas and Tratnik (1975) examined 1950 samples of drinking 

water and swimming pool for the presence of enteropathogenic E. coli. They observed that 

21.5% of water samples were microbiologically unsafe and contained a high MPN of E. coli. 

Mieres and Bastardo (1975) studied the presence of enterobacteria in the water of the river 

Manzanares in Venezuela. They found a higher percentage of enteropathogenic organisms in 

water. 

Badge et al. (1982) stated that the growth of aquatic microorganism was affected by a great 

variety of physical and chemical factors. The authors observed that the rate of change in bacterial 

density in water was related to a variety of factors such as (a) assimilable organic nutrient in 

water (b) organisms competing for dominance in the microbial flora, (c) water pH and (d) 

storage temperature. 

Edberg et al. (1996) conducted a research to determine the numbers and types of bacteria found 

in three water sources-bottled water, water cooler water, and tap water-and to determine their 

virulence characteristics. A wide variety of water types were collected and each was analysed for 

Heterotrophic Plate Count (HPC) bacteria, Pseudomonas aeruginosa, and total coliforms. For 

each isolate, virulence characteristics were determined by enzyme analysis (10 associated with 

virulence), antibiotic susceptibility testing (natural and semi-synthetic antibiotics), acid lability 

(survival at pH 3.5) and cytotoxicity testing (HEp-2 cells). Results showed that all water sources 

had a normal bacterial content. Only 2 per cent of bottled water sources had P. aeruginosa. Total 

6 coliforms were isolated only from bottled water that used mixed (water alternating with milk) 

filling lines. Environmental bacteria did not produce significant enzymes associated with 
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virulence, were not acid resistant, were susceptible to semi-synthetic antibiotics, and did not 

produce appreciable cytotoxicity. These natural aqueous bacteria were adopted to a water 

environment, did not grow well at conditions analogous to the human host, and did not have the 

characteristics associated with virulence. Future drinking water revisions and changes to the 

treatment processes should be directed towards the elimination of specific pathogens and to the 

prevention of exogenous sources of contamination rather than the elimination of natural water 

microbial populations. 

Karn and Harada, (2001) stated that in South Asian countries such as Nepal, India, and 

Bangladesh, pollution of river water was more severe and critical near urban stretches due to 

huge amounts of pollution load discharged by urban activities. The Bagmati River in the 

Kathmandu valley, the Yamuna River at Delhi, and peripheral rivers (mainly Buriganga River) 

of Dhaka suffer from severe pollution these days. They observed that during dry season average 

of biochemical oxygen demand (BOD) in all these rivers is in the range of 20-30 mg/liter and 

total coliform are as high as 104-105 MPN/100 ml. Okagbue et al. (2002) analyzed sixty 

processed bottled water samples supplied by three companies in Zimbabwe, for microbial safety. 

The authors observed that four (6.7%) and seven (11.7%) samples to exceeded the recommended 

maximum level of total viable and coliform counts, respectively. 

Johnson et al. (2003) worked on prevalence of E. coli 0157: H7 and Salmonella spp. in surface 

waters. They conducted a 2-year study to estimate the prevalence of E. coli 0157: H7 and 

Salmonella spp. in surface water within the basin. This study was the first of its kind to identify 

E. coli 0157: H7 in surface water collected from a Canadian watershed. They found that 

prevalence of E. coli 0157: H7 and Salmonella spp. in water samples was 0.9% (n = 1483) and 

6.2% (n= 1429), respectively. 

Sultana et al. (2009) studied the whole concepts adopted for microbiological quality is that no 

water intended for human consumption shall contain E. coli in 100 ml sample. Analysis of 

bacteriological quality of pump water and household‟s water showed that 36.36% pump water 

and 42.86% of household water were contaminated with fecal-coliform and coliform of non-

fecal origin. 
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Cabral (2010) stated that water is essential to life, but many people do not have access to clean 

and safe drinking water and many die of waterborne bacterial infections. In this review a general 

characterization of the most important bacterial diseases transmitted through water cholera, 

typhoid fever and bacillary dysentery is presented, focusing on the biology and ecology of the 

causal agents and on the diseases characteristics and their life cycles in the environment. The 

importance of pathogenic E. coli strains and emerging pathogens in drinking water transmitted 

diseases is also briefly discussed. Microbiological water analysis is mainly based on the concept 

of fecal indicator bacteria. The main bacteria present in human and animal feces (focusing on 

their behavior in their hosts and in the environment) and the most important fecal indicator 

bacteria are presented and discussed (focusing on the advantages and limitations of their use as 

markers). Important sources of bacterial fecal pollution of environmental waters are also briefly 

indicated. In the last topic it is discussed which indicators of fecal pollution should be used in 

current drinking water microbiological analysis. It was concluded that safe drinking water for all 

is one of the major challenges of the 21
st
 century and that microbiological control of drinking 

water should be the norm everywhere. Routine basic microbiological analysis of drinking water 

should be carried out by assaying the presence of E. coli by culture methods. Whenever financial 

resources are available, fecal coliform determinations should be complemented with the 

quantification of enterococci. More studies are needed in order to check if ammonia is reliable 

for a preliminary screening for emergency fecal pollution outbreaks. Financial resources should 

be devoted to a better understanding of the ecology and behavior of human and animal fecal 

bacteria in environmental waters. 

Islam et al. (2010) studied the bacteriological quality of treated water of different sources. It was 

determined by presumptive coliorm count. In source wise distribution of samples, 50% of 

mineral water, 87.5% of filtered water and 100% of tap water samples were exceeded the 

drinking water guideline value of WHO. Microorganisms in tap water comprised Escherichia 

coli(60%), Klebsiella spp. (40%), Enterobacter spp. (20%), Pseudomonas spp. (70%), Proteus 

spp. (10%), Staphylococcus spp. (40%) and Salmonella spp. (0%). Furthermore, there was no 

correlation between fecal coliform and the presence of Salmonella species. Results obtained 

from this investigation revealed that municipal tap water of Dhaka city was contaminated with a 

number of enteric bacteria such as E. coli. This organism was considered as a good bio-indicator 

model for surveillance studies of antimicrobial resistance. 
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2.6 Water treatment 
Water disinfection is the usual water treatment used in bird rearing. The aim is to eliminate 

pathogens that might be in the water, both those originated from contamination of the water 

source and those incorporated in the way between the water source and the drinkers. A second 

objective is to leave residual levels of chlorine in the water in order to eliminate pathogens that 

might be added to it if infected birds have access to water in the drinkers. The use of water with 

controlled microbiological quality as drinking water for birds is of fundamental importance, 

considering that: 

- Many birds have access to the water source; 

- Birds intake water daily; 

- Water is considered a good transmission vehicle for many pathogens; 

- Residues from human and animal activities pollute a great number of water sources. 

To assure that the water consumed by birds will not pose risk to the flock health, it should be 

disinfected. The most recommended disinfecting agent is chlorine, due to its efficiency, cost, 

practical use and inequity to birds when adequately applied. Water treatment in the rural area 

may use diverse compounds as chlorine sources, which present different levels of available 

chlorine (Amaral, 2004), among which two are cited below: 

A. Calcium hypochloride - white powder that contains 70% of available chlorine. 

B. Commercial solution of sodium hypochloride - clear liquid with 10-12% available 

chlorine. 

In emergency situations, bleach may also be used as chlorine source; it contains available 

chlorine levels of 2.0%. According to Jefrey (2000), adequate chlorine dosage in drinking water 

for birds is 3 ppm, although birds may tolerate residual chlorine concentrations of more than 

10 ppm. Concentrations of 5 ppm are indicated to control biofilm formation. The presence of 

organic material rapidly inactivates chlorine, therefore, drinkers should be cleaned daily to avoid 

accumulation of organic material. Water pH should be lower than 8.5, and optimal pH values are 

from 6.0 to 8.0. Chlorination should be suspended two days before any vaccination with live 

bacteria and virus via drinking water. Supply of chlorinated water may be resumed 4 hours after 
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vaccination is completed. Residual chlorine concentrations between 2 and 5 ppm has resulted in 

no performance impairment and has been suggested as the levels to be added in the water 

supplied to broilers and laying hens (Damron & Flunker, 1993). The microbiological quality of 

water given to broilers improved at 2 ppm of residual chlorine. 

It should be remembered that chlorine reacts not only with microorganisms during chlorination, 

but also with organic and inorganic substances, generating the water chlorine demand (Tsai et 

al., 1992). The presence of residual chlorine is thus important, since it will be responsible for the 

elimination of the microorganisms that contaminate, by different routes, the water given to the 

birds. Residual chlorine should be measured 30 min after the disinfectant comes into contact 

with the water. 

2.7 Antibiotic resistance 
Bacterial infections are usually treated with antibiotics. However, the antibiotic sensitivities of 

different strains of E. coli vary widely. As Gram-negative organisms, E. coli are resistant to 

many antibiotics that are effective against Gram-positive organisms. Antibiotics which may be 

used to treat E. coli infection include amoxicillin, as well as other semi synthetic penicillins, 

many cephalosporins, carbapenems, aztreonam, trimethoprim-sulfamethoxazole, ciprofloxacin, 

nitrofurantoin and the aminoglycosides.  

Avian pathogenic E. coli strains are often resistant to antimicrobials approved for poultry 

including cephradine (Rahman et al., 2004), tetracyclines (Cloud et al., 1985; Irwin et al., 1989; 

Blanco et al., 1997; Bass et al., 1999),  chloramphenicol (Rahman et al., 2004), sulfonamides 

(Cloud et al., 1985; Blanco et al., 1997; Bass et al., 1999; Li et al., 2007), amino-glycosides 

(Dubel et al., 1982;   Irwin et al., 1989; Allan et al., 1993; Blanco et al., 1997; Bass et al., 1999) 

and β-lactam antibiotics (Cloud  et al., 1985; Blanco et al., 1997; Rahman  et al., 2004; Li  et al., 

2007). 

Resistance to fluoroquinolones was reported within several years of the approval of this class of 

drugs for use in poultry (Blanco et al., 1997; Li et al., 2007; White et al., 2000; Van den et al., 

2001). There is reason for concern that genes conferring resistance to extended-spectrum β-

lactams will emerge in avian pathogenic E. coli strains (Zhao et al., 2001) and reduce the 
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efficacy of ceftiofur, which is currently used on a limited basis in poultry breeding flocks and 

hatcheries (Wooley et al., 1992). 

Wooley et al., (1992) conducted a study at the University of Georgia. They found 97 of 100 

avian pathogenic E. coli isolates to be resistant to streptomycin and sulfonamide and 87% of 

these multiple antimicrobial resistant strains contained a class 1 integron. In 1999 Bass et al., 

reported that intI1, which carried multiple antibiotic resistance genes. Multiple antimicrobial 

resistance traits of avian pathogenic E. coli have also been associated with transmissible R-

plasmids.  

Antibiotic-resistant E. coli may also pass on the genes responsible for antibiotic resistance to 

other species of bacteria, such as Staphylococcus aureus, through a process called horizontal 

gene transfer. E. coli bacteria often carry multiple drug-resistant plasmids, and under stress, 

readily transfer those plasmids to other species. Thus, E. coli and the other enterobacteria are 

important reservoirs of transferable antibiotic resistance (Salyers et al., 2004). 

Antibiotic resistance is a growing problem. Some of this is due to overuse of antibiotics in 

humans, but some of it is probably due to the use of antibiotics as growth promoters in animal 

feed (Johnson et al., 2006). Hasan et al., (2011) studied the antibiotic resistance patterns in avian 

pathogenic E. coli in Bangladesh. Of the 279 dead or sick poultry of different ages, 101 

pathogenic E. coli strains were isolated from broilers and layer hens. The strains were screened 

to determine phenotypic expression of antimicrobial resistance against 13 antibiotics that are 

commonly used in both veterinary and human medicine in Bangladesh. Of the 101 pathogenic E. 

coli isolates, more than 55% were resistant to at least one or more of the tested compounds, and 

36.6% of the isolates showed multiple–drug-resistant phenotypes. The most common resistances 

observed were against tetracycline (45.5%), trimethoprim-sulphamethoxazole (26.7%), nalidixic 

acid (25.7%), ampicillin (25.7%) and streptomycin (20.8%). Resistance to ciprofloxacin 

(12.9%), chlormaphenicol (8.9%), nitrofurantoin (2%) and gentamicin (2%) was also observed. 

One isolate was resistant to cefuroxime (1%), and cefadroxil (1%). Hashem et al., (2012) 

reported E. coli to be highly sensitive to colistin sulphate (100%), intermediately sensitive to 

ciprofloxacin (50%), resistance to amoxicillin (100%), ampicillin (75%), oxytetracycilline 

(50%), penicillin (25%). Resistance also found against cotrimoxazole (100%), gentamicin (75%). 
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Chapter III: Materials and Methods 

3.1 Study area 
Water samples were collected from five commercial layer chicken farms, five commercial 

broiler farms and five breeder farms belonging to 9 places of Chittagong district (Sitakundu, 

Kumira, Patiya, Hat Hazari, Mirorsorai, Raojan, Pahartali, Korer Hat and Chandanaish) (Figure 

1).  The selected study sites were located 40-60 km away from Chittagong city, consisting of 

both high and low lands along with coastal areas. 

 

Figure 1 -  Map showing the location of the study areas (Round colors) 
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3.2 Experimental design 
Water samples used in different poultry farms were subjected to qualitative assessment including 

bacteriological quality. Moreover, E. coli were isolated from the water samples and further 

employed for antimicrobial susceptibility testing. The schematic representation of experimental 

design is presented in Figure 2. 

 

 

Figure 2 - Experimental Design 

Collection of Water samples from different sources from the farm areas 

 

Most Probable Number for Bacteriological Quality 

 

Inoculation of positive samples onto specific media EMB for E. coli 

 

Positive colonies were sub cultured on Mac Conkey agar to obtain pure cultures 

 

Biochemical test such as spot indole tests for E. coli 

 

 

 

Antimicrobial sensitivity test was also done 

for E. coli 

For molecular investigation, DNA extraction 

by boiling method from pure culture and then 

PCR test 

Commercial Broiler Farms   Commercial Layer Farms            Breeder Farms 
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3.3 Study period 
The study was conducted for a period of four months, starting from July 2014 - November 2014. 

3.4 Sample Size  
Total 150 water samples were collected from the mentioned poultry farms. From each farms, 

samples were collected from different sources.  

3.5 Methods 

3.5.1 Collection of water samples 
Water samples were collected in sterile Falcon™ 50mL Conical Centrifuge Tubes from various 

water sources available in and around the selected broiler, layer and breeder farms of Chittagong. 

After collection of water samples in the Falcon Tubes the mouth was tightly covered with 

polyethylene flat-top screw caps and shipped the laboratory of Poultry Research and Training 

Centre (PRTC), CVASU for detail microbiological investigation. During transportation of 

samples in Falcon tubes, cool boxes were used. 

3.5.2 Questionnaire for overall assessment 
A prototype questionnaire was designed to collect the objectives oriented data from each farm 

via interviewing the farmers and observing the record book. The questionnaire has been 

appended in the ANNEX 1. 

3.5.3 Preparation of different media 

3.5.3.1 Mac Conkey broth  

In 1000 ml purified/distilled water 34.51 grams powder of Mac Conkey broth was added. The 

mixture was gently heated for few minutes to dissolve the powder completely with water. Then 

broth was dispensed into test tubes with inverted Durham tubes. The medium was then 

autoclaved at 121°C for 15 minutes at 15 lbs pressure to make it sterile. After autoclaving the 

mixture was put into water bath adjusting temperature 50°C to cool down its temperature. 

3.5.3.2 Eosin Methylene Blue (EMB) Agar Media  

In 1000 ml of distilled water 36 grams powder of EMB agar base was added. The mixture was 

heated to boil for few minutes to dissolve the powder completely with water. The medium was 

then autoclaved for 30 minutes to make it sterile. After autoclaving the mixture was placed into 
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water bath adjusting temperature 50°C to cool down its temperature and allow the media not to 

solidify. From water bath 10-20 ml of medium was poured into small and medium sized sterile 

petridishes under safety hood to make sterile EMB agar plates. After solidifying the medium, the 

plates were then allowed for incubation at 37°C for overnight to check their sterility. 

3.5.3.3 MacConkey Agar Media  

In 1000 ml of distilled water 50 grams powder of MacConkey‟s agar (Difco) base was added. 

The mixture was heated to boil for few minutes to dissolve the powder completely with water. 

The medium was then autoclaved for 30 minutes to make it sterile. After autoclaving the mixture 

was put into water bath adjusting temperature 50°C to cool down its temperature and allow the 

media not to solidify. From water bath 10-20 ml of medium was poured into small and medium 

sized sterile petridishes under safety hood to make sterile MacConkey agar plates. After 

solidifying the medium, the plates were then allowed for incubation at 37°C for overnight to 

check their sterility. 

3.5.3.4 Blood Base Agar (BBA) Media  

Sixty grams of base (Hi-media) was added to 1000 ml of distilled water in a flask and heated 

until boiling to dissolve the medium completely. The medium was then sterilized by autoclaving. 

The autoclaved materials were allowed to cool to a temperature of 50°C in a water bath. 

Defibrinated 5% cattle blood was then added to the medium aseptically and distributed to sterile 

petridishes and then allowed to cool at room temperature for solidification. After solidification of 

the medium, the plates were allowed to incubate at 37°C for overnight to check their sterility and 

stored at 4°C in the refrigerator until used. 

3.5.3.5 Nutrient Agar (NA) Media  

In 1000 ml of distilled water 28 grams powder of nutrient agar base was added. The mixture was 

heated to boil for 5 minutes to dissolve all the powder completely with water. The medium was 

then autoclaved for 30 minutes to make it sterile. After autoclaving the mixture was put into 

water bath adjusting temperature 50°C to cool down its temperature and allow the media not to 

solidify. From water bath 10-20 ml of medium was poured into small and medium sized sterile 

petridish under safety hood to make sterile nutrient agar plates. After solidifying the medium in 

the plates, the plates were then allowed for incubation at 37°C for overnight to check their 

sterility. 
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3.6 Most Probable Number (MPN) 
The Most Probable Number (MPN) method is a statistical, multi-step assay consisting of 

presumptive, confirmed and completed phases for water examination for the presence of 

coliforms. An estimate of the number of coliforms (Most Probable Number) can also be done in 

the presumptive test. In this procedure, 9 test tubes (Large 3 and small 6 pieces) were taken and 

then dispensed 10 ml of dissolved Mac Conkey broth into each test tube. Autoclave was done for 

whole set of test tube along with control water samples. Then, each test tube was inoculated with 

the water samples. Three tubes received 10 ml of water, 3 tubes received 1ml of water, 3 tubes 

received 0.1ml of water. A count of the number of tubes showing gas production was then made 

after 24 hour incubation, and the figure was compared to a table developed by Jacobs and 

Gerstein‟s (1960). The number was the most probable number (MPN) of coliforms per 100 ml of 

the water sample. In the ANNEX 2, MPN table has been added. 

3.7 Isolation and identification of E. coli 

3.7.1 Culture onto different media 
Sterilized platinum loop was used for streaking the lactose broth culture on EMB agar, 

MacConkey agar and Blood agar to get isolates in pure culture. All inoculated media were kept 

at 37°C for overnight in an incubator. 

3.7.1.1 Eosin Methylene Blue (EMB) agar 

Materials from lactose fermentation tubes were inoculated onto EMB agar plates which after 

incubation showed smooth circular colonies with dark centers and metallic sheen. 

3.7.1.2 MacConkey agar 

Positives samples were further cultured onto MacConkey agar to get the pure colonies. Colonies 

from EMB positive plates were inoculated onto MacConkey agar plates which after incubation, 

if positive for E. coli showed rose pink color colonies. 

3.7.2 Identification of E. coli isolates by biochemical tests 

3.7.2.1 Indole test 

Two milliliter (2 ml) of peptone water was inoculated with the 5 ml of bacterial culture and 

incubated at 37°C for 48 hours. Following, 1ml Xyline was poured into the test tube, Kovac‟s 

reagent (0.5 ml) was added, shaked well and examined after 1 minute. A red color in the reagent 
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layer indicated production of indole. In negative case there was no development of red color 

(Cheesbrough, 2006). 

3.8 Detection of virulence genes by PCR 

3.8.1 DNA extraction 
A pure bacterial colony was mixed with 200 µl of PBS which were boiled for 10 minutes then 

immediately kept on ice for 10 minutes. Finally centrifugation was done at 10000 rpm for 10 

minutes. The supernatant was collected and used as DNA template for PCR (Norhan et al., 

2014). 

3.8.2 Primers used for PCR 
All the probable E. coli isolates were investigated for the diversity based on the two virulent 

genes Stx1 and Stx2 by Polymerase Chain Reactions (PCR). The sequences of two 

oligonucleotide sets of primers, respectively, used for Stx1 and Stx2 genes are shown in Table 7. 

Table 7 - Oligonucleotide Primer used to detect Stx1 and Stx2 gene 

Primer Primer  Sequence  (5’ – 3’) Target 

gene 

Anne- 

aling 

temp.( 

°C) 

Size of   

product  

(bp) 

References 

Stx1 F ACA CTG GAT GAT CTC AGT 

GG 

Stx1 58 ~614 desRosier 

et al., 2001 

Stx1 R CTG AAT CCC CCT CCA TTA TG 

Stx2 F CCA TGA CAA CGG ACA GCA 

GTT 

Stx2 58 ~779 Manna et 

al., 2006 

Stx2 R CCT GTC AAC TGA GCA GCA 

CTT T 

 

3.8.3 Preparation of a PCR mixture  
PCR mixture (25 µl) was prepared as follows 

i. Nuclease free water = 6.5 µl  

ii. 2X PCR master mixture (Promega, USA) = 12.5 µl 

iii. Forward primer = 0.5 µl 
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iv. Reverse primer = 0.5 µl 

v. DNA template = 5 µl 

 

3.8.4 PCR reaction profile 
Cycling conditions used for three sets of primers (Nadine et al., 2003) 

i. Initial denaturation = 95°C for 3 min  

ii. Denaturation = 94°C for 30 sec   

iii. Annealing = 56°C for 40 sec  

iv. Extension = 72°C for 1 min  

v. Final extension = 720C for 8 min 

vi. Holding temperature = 4°C until remove from thermo-cycler 

 

3.8.5 Electrophoresis 
1% agarose gel was used for electrophoresis of the PCR products. The procedure of gel 

electrophoresis is given below: 

a) Gel casting tray was assembled with gel comb of appropriate teeth size and number. 

b) 1% agarose solution was prepared in TAE buffer by melting in a microwave oven. 

c) Molten agarose was poured onto the casting tray and allowed to solidify on the bench. 

d) The solid gel in its tray was transferred to the electrophoresis tank containing sufficient 

TAE buffer to cover the gel ≈1mm. The comb was gently removed. 

e) 10 µl of each PCR product was mixed with 2µl loading buffer and the sample was loaded 

to the appropriate well of the gel. 

f) 5 µl DNA size marker (Trackit, invitrogen, USA) was loaded in one well. 

g) The leads of the electrophoresis apparatus were connected to the power supply and the 

electrophoresis was run at 100 V for 30 minutes 

h) When DNA migrated sufficiently, as judged from the migration of bromphenicol blue of 

loading buffer, the power supply was switched off. 

i) The gel stained in ethidium bromide (0.5µg/ml) for 10 minutes, in a dark place. 

35 cycles 
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j) The gel was destained in distilled water for 10 minutes. The destained gel was placed on 

the UVsolo TS imaging system (Biometra, Germany) in the dark chamber of the image 

documentation system. 

k) The UV light of the system was switched on, the image was viewed on the monitor, 

focused, acquired and saved in an USB flash drive. 

3.9 Maintenance of Stock Culture 
Stock culture was prepared by adding 1 ml of 80% sterilized glycerol in 1 ml of pure culture in 

nutrient broth and it was stored at -20˚ C for further use. 

3.10 Antimicrobial Susceptibility Test 
Susceptibility and resistance of different antibiotics was measured by disc diffusion or Kirby-

Bauer method (Bauer et al., 1966). This method allowed for the rapid determination of the 

efficacy of a drug by measuring the diameter of the zone of inhibition that resulted from 

diffusion of the agent into the medium surrounding the disc. One well isolated colony was 

selected from the MS agar plates and EMB agar plate. Colony was touched with a sterile loop 

and streaked onto nutrient agar and incubated overnight at 37 ºC. 4 or 5 well isolated colonies 

were transferred into a tube of sterile physiological saline and vortex thoroughly. The bacterial 

suspension was compared with 0.5 MacFarland standards. The comparison was made by viewing 

this tube against a sheet of white paper on which black lines were dawn. A sterile cotton swab 

was dipped into the bacterial suspension. The excess fluid of swab was removed by pressing 

firmly against the inside of the tube just above the fluid level. The broth was streaked 

homogenously on the medium. Antibiotic discs were applied aseptically to the surface of the 

inoculated plates at an appropriate special arrangement with the help of a sterile forceps on 

Mueller-Hinton agar plates. The plates were then inverted and incubated at 37 ºC for 24 hours. 

The diffusion discs with antimicrobial drugs were placed on the plates and incubated for 18 

hours at 37 ºC. After incubation the diameter of the zone of inhibition (including diameter of the 

discs) was measured in millimeters with a ruler. 

3.10.1 Antimicrobial discs 
The list of commercially available antimicrobial disc (Oxoid, UK) used in this study with their 

concentration is given in Table 8. After placing of the discs on the plate, the plates were inverted 
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and incubated at 37°C for 16 to 18 hours. After incubation, the diameter of the zones of complete 

inhibition (including the diameter of the disc) was measured and recorded in millimeters. The 

measurements were made with a ruler on the undersurface of the plate without opening the lid. 

Table 8 - Antimicrobial agents with their disc concentration 

Antimicrobial agents Symbol Disc concentration (µg/disc) 

Ampicillin AMP 10 

Amoxicillin-clavulanic acid AML 20/10 

Ciprofloxacin CIP 5 

Enrofloxacin ENR 10 

Norfloxacin N 10 

Gentamicin GEN 10 

Doxicycline DO 30 

Tetracycline TE 30 

Colistin Sulphate CT 10 

 

3.10.2 Recording and interpreting results 
The zones of growth inhibition was compared with the zone-size interpretative table (Table 9) 

provided by Clinical and Laboratory Standards Institute (CLSI, 2007). Antimicrobial testing 

results were recorded as susceptible, intermediate and resistant according to zone diameter 

interpretive standards provided by CLSI (2007). 

3.11 Statistical analysis 
Prevalence of E. coli in broiler, layer and breeder farms along with MPN index count, at 

different parameters of bird and poultry farm compared for statistical significance using chi 

square test. A p value of ≤0.05 was considered to be statistically significant. 
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Table 9 - Zone diameter interpretive standards for E. coli. 

Group of 

Antimicrobials 

Antimicrobial 

agents 

Zone diameter (millimeter) 

Resistant Intermediate Sensitive 

Penicillin Ampicillin ≤13 14-16 ≥17 

β-lactamase 

inhibitor 

combination 

Amoxicillin-

clavulanic acid 

≤13 14-17 ≥18 

Fluoroquinolones 

 

Ciprofloxacin ≤15 16-20 ≥21 

Enrofloxacin 
a
 ≤16 17-19 ≥20 

Norfloxacin ≤12 13-16 ≥17 

Aminoglycosides Gentamicin ≤12 13-14 ≥15 

Tetracyclines Doxicycline ≤10 11-13 ≥14 

Tetracycline ≤11 12-14 ≥15 

Lipopeptides Colistin 

Sulphate 
b
 

≤10 11-13 ≥13 

Source: CLSI, 2007; 
a
 Seol et al., 2005; 

b
 Lo-Ten-Foe et al., 2007 
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Chapter IV- Results 

4.1. Overall pH values from the water samples 
All 150 water samples were subjected to pH measurement. Overall, pH value ranged from 4.02 

to 9.04. The highest and lowest pH was recorded in drinkers. However, samples were collected 

from drinkers in highest number. The pH values of different water samples were given below in 

Figure 3. 

 

Figure 3 - pH value of water samples collected from different sources at different poultry 

farms of Chittagong. 

4.2 Most Probable Number (MPN) from collected samples 
All 150 collected water samples from five broilers, five layer and five breeder farms were tested 

for MPN to obtain the coliform load. Of them, 103 samples produced positive results by 

changing the color of the media and gas production. The MPN index count has been grouped 

into four categories according to coliform number (0, 1-200, 201-1000, 1001 and above). 
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4.2.1 Relationship of MPN with pH value of water samples 
The pH values were categorized into four groups (A, B, C and D). The group A, B, C and D 

indicates the pH ranges of 4-5, 6-6.99, 7-7.5 and >7.6, respectively. The highest (60%) number 

of MPN index (1001 and above) was counted in group D (7.6 and above), whereas lowest (14%) 

was in group C (7-7.5). There was a significant variation (P < 0.05) of MPN with pH values was 

observed in the study area (Table 10). However, in case of Group A (4-5), only 6% samples were 

found with no coliform bacteria or zero coliform count, while the highest (42%) number of zero 

coliform count (0) was recorded in Group C (7-7-5). 

Table 10 - Relationship of MPN with pH values 

pH 

Category 

Total 

Number of 

Observation 

Most Probable Number/100 ml 

No of Positive (n) (%)# 

Chi 

Square 

Value 

P –

Value* 

0 1-200 201-

1000 

1001< 

A 

(4-5) 

18 1(6) 5 (28) 6 (33) 6(33)  

 

 

24.0906 

 

 

 

0.004 

B 

(6-6.99) 

73 23(32) 24(33) 6(8) 20(27) 

C 

(7-7.5) 

52 22(42) 20(38) 3(6) 7(14) 

D 

(>7.6) 

5 1(20) 1(20) 0(0) 3(60) 

* Values at P<0.05 are statistically significant; #Number in parenthesis indicates percentage. 

4.2.2 Bacterial load in different sources of water in the selected farms 
Water samples were collected from total 11 sources. The sources have been grouped into four 

categories. Group 1 contained Tank, Upper Tank, Lower Tank and Wash Tank. Group 2 

contained Drinker only. Group 3 contained Motor Pump and Tube Well whereas Group 4 was 
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for China Setter, Dairy farm, Pipeline and Drinking water. However, the sources were not same 

for each farm. China setter was only found in case of Breeder farms. 

In this present study, a significant relationship was found between water source and the MPN 

(Table 11). Samples from Group 1 showed the highest (42%) zero coliform count (0) which 

indicates lower contamination, in contrast the higher bacterial contamination was found in Group 

2 and 4 where only 23% samples were recorded for zero coliform count (0), respectively. The 

highest number of observation (56%) were found into MPN index (1-200) in Group 2, while 

lowest number (4%) of observation was recorded in MPN index (1001 and above) in Group 1. In 

case of MPN index (1001 and above), highest (34%) was detected in Group 3 samples. It 

indicates that Group 2 samples revealed high bacterial load, while more number of coilform 

(1001 and above) were high in Group 3 samples. 

Table 11- Bacterial load in different sources of water in the selected farms 

Water 

Source 

Total 

Number of 

Observation 

Most Probable Number/100 ml 

No of Positive (n) (%)# 

Chi 

Square 

Value 

P –

Value* 

0 1-200 201-

1000 

>1001 

1 24 10 (42) 10 (42) 1 (4) 3 (13)  

 

24.5824 

 

 

0.003 

2 39 9 (23) 22 (56) 3 (8) 5 (13) 

3 74 27 (36) 12 (16) 10 (14) 25 (34) 

4 13 3 (23) 6 (46) 1 (8) 3 (23) 

* Values at P<0.05 are statistically significant; #Number in parenthesis indicates percentage. 

1= Tank; 2= Drinker; 3= Motor Pump and Tube well; 4= Dairy Farm, China setter, Pipe line and 

Drinking Water 

4.2.3 Bacterial load in different farms at different zones of Chittagong 
In our study, we collected water samples of different poultry farms from 9 places. Here, we 

divided the places into five zones (1, 2, 3, 4 and 5) according to their distance. There was a 

significant variation in the bacterial load in water samples with the selected zones (Table 12). 
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The highest (60%) percentage of samples with no bacterial load was observed in Zone 3, in 

contrary only 20% samples were found with zero coliform count in Zone 2 indicating a heavy 

bacterial contamination in zone 2. In case of coilform number (1001 and above), highest (34%) 

percentage of observation was detected on Zone 4, while no observation (0%) was found in Zone 

1. In Zone 2, a total of 10 samples were collected, 8 were found positive, where 60 % were 

positive on 1-200 MPN index and 20% were on 1001 and above. It indicates that Zone 2 is the 

highest coliform prevalent zone (Total 80%). In contrast to this, Zone 3 is the lowest prevalent 

zone. 

Table 12 - Coliform load vs. Farm areas  

Farm 

Areas# 

Total 

Number of 

Observation 

Most Probable Number/100 ml 

No of Positive (n) (%)# 

Chi 

Square 

Value 

P –

Value* 

0 1-200 201-1000 >1001 

 

1 20 6 (30) 14 (70) 0 (0) 0 (0)  

 

32.9930 

 

 

0.001 

2 10 2 (20) 6 (60) 0 (0) 2 (20) 

3 20 12 (60) 3 (15) 1 (5) 4 (20) 

4 70 19 (27) 18 (26) 9 (13) 24 (34) 

5 30 10 (33) 9 (30) 5(17) 6 (20) 

* Values at P<0.05 are statistically significant; #Number in parenthesis indicates percentage. 

#Here, 1= Raojan, Chandanaish; 2= Pahartali; 3= hathazari; 4= sitakunda, kumira, Mirsaria, 

Korer hat; 5= Patiya 

4.2.4 Differences in Coliform load in different types of poultry farms 
In the study, water samples were collected from Broiler, Layer and Breeder farms. Among those 

types of farms, Breeder farms were highly free from bacterial contamination as because highest 

(60%) percentage of samples was found with zero coliform count, On the other hand, 0 coliform 

counts was recorded 16 and 19%, respectively in broiler and layer farms (Table 13). In case of 

coliform count (1001 and above), samples of broiler farms were highly positive (46%). 
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Table 13 - Differences in coliform load in different types of poultry farms 

Farm 

Type 

Total 

Number of 

Observation 

Most Probable Number/100 ml 

No of Positive (n) (%)# 

Chi 

Square 

Value 

P –

Value* 

0 1-200 201-1000 >1001 

Broiler 50 8 (16) 13 (26) 6 (12) 23 (46)  

42.5531 

 

0.000 Layer 50 9 (19) 24 (50) 7 (15) 8 (16) 

Breeder 50 30 (60) 13 (26) 2 (4) 5 (10) 

* Values at P<0.05 are statistically significant; #Number in parenthesis indicates percentage. 

4.2.5 Comparison of Coliform count between bleaching powder treated and 

non-treated water 
In our present study, we observed that water treatment was only practiced by breeder farms, 

however there was no such water treatment in case of layer and broiler farms. In case of treated 

water samples, 60% samples gave zero coliform count, on the other hand, lowest (17%) 

percentage of samples was counted for no bacterial load (Table 14). In all group of MPN index 

(1-200, 200-1000, 1001 and above), treated water samples were in lower percentage comparing 

with non treated water and this variation was found as statistically significant (P<0.005). 

Table 14 - Relationship between water treatment and MPN 

Water 

Treatment 

with 

bleaching 

powder 

Category 

Total 

Number of 

Observation 

Most Probable Number/100 ml 

No of Positive (n) (%)# 

Chi 

Square 

Value 

P –

Value* 

0 1-200 201-

1000 

>1001 

A 

(Treated) 

50 30 (60) 13 (26) 2 (4) 5 (10) 29.495 0.000 

B 

(Non 

treated) 

150 17 (17) 37 (38) 13 (13) 31 (32) 

* Values at P<0.05 are statistically significant; #Number in parenthesis indicates percentage. 
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4.3 Identification of E. coli 
All the 150 water samples collected were inoculated into MacConkey broth and among them a 

total of 103 samples (69%) were found to be positive for coliform growth.  The rest 47 samples 

did not show any growth in the MacConkey broth. The samples showing bacterial growth in the 

MacConkey broth were then inoculated onto EMB agar specific for E. coli. Among the isolates, 

49 were positive in EMB agars (Figure 4). Then positive colonies from EMB agar were 

inoculated on MacConkey agar to obtain pure colonies and 40 samples were found positive via 

observing pink colonies on MacConkey agar (Figure 5). Finally, the positive colonies from 

MacConkey agar were subjected to indole test and 35 were revealed the positive result against E. 

coli (Figure 6).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4 - Growth of E. coli on 

EMB agar 

Figure 5 - Growth of E. 

coli on MacConkey agar 

Figure 6 - Indole test for 

identification of E. coli 
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4.3.1 Prevalence of E. coli in water samples of different farms 
We found similar prevalence of E. coli in Broiler and Layer farms which was 30% respectively 

(Table 15). In case of Breeder farms, only 5 samples were positive out of 50 and placed into 

lowest prevalence group (10%). A significant variation was observed in water samples of 

different farms. 

Table 15 - Prevalence of E. coli in different farms. 

Water 

Source 

Total Number 

of Observation 

E. coli (n) (%)# Chi Square 

Value 

P –Value* 

Positive Negative 

Broiler 50 15 (30) 35 (70)  

7.4534 

 

0.024 Layer 50 15 (30) 35 (70) 

Breeder 50 5 (10) 45 (90) 

* Values at P<0.05 are statistically significant; #Number in parenthesis indicates percentage. 

4.3.2 Prevalence of E. coli in different water sources 
The groups of different water sources have been described earlier. The E. coli was prevailed in 

highest rate (31%) in group 4, whereas Group 1 samples revealed lowest (8%) prevalence of E. 

coli. However, no significant variation was found in E. coli prevalence at different water sources.  

Table 16 - Water sources vs. Prevalence of E. coli 

Water 

Source 

Total Number 

of Observation 

E. coli (n) (%)# Chi Square 

Value 

P –Value* 

Positive Negative 

1 24 2 (8) 22 (92)  

5.7450 

 

0.125 2 39 7 (18) 32 (82) 

3 74 22 (30) 52 (70) 

4 13 4 (31) 9 (69) 

* Values at P<0.05 are statistically significant; #Number in parenthesis indicates percentage. 
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1= Tank; 2= Drinker; 3= Motor Pump and Tube well; 4= Dairy Farm, China setter, Pipe line and 

Drinking Water 

4.4 Detection of virulence genes 

For molecular detection from among the culturally and biochemically positive samples 35 

isolates from each of either E. coli were selected for DNA extraction. PCR amplification of 

specific DNA fragments was then conducted using specific primer sets for shiga toxin producing 

E. coli (targeting stx1 and stx2 genes for E. coli). The PCR products were then run in 1% agarose 

gel with ethedium bromide, incorporating 100bp size markers and visualized under UV light. 

However, none of the sample showed containing stx1 and stx2 genes (Figure 7). 

 

 

 

 

 

 

 

 

 

 

 

Figure 7 - Results of PCR for stx1 and stx2 genes of E. coli 



Page | 42  
 

4.5 Results of Antibiogram Study 
All the 35 isolates were tested for susceptibility to 9 different antimicrobial agents. The 

frequencies of isolates showing sensitive, intermediately resistant and resistant to the 

antimicrobials tested are shown in Figure 8. Of the tested isolates 94.29% and 82.86% were 

sensitive to gentamicin and colistin sulphate, respectively; 94.29% isolates were resistant to 

tetracycline, 91.43% to ampicillin and 88.57% to amoxicillin. 

More than 90% resistance observed in ampicillin and tetracycline. Very close to 90% (88.57%) 

resistance was shown in amoxicillin. The least percentage resistance was found in gentamicin. 

More than 80% sensitivity was found only with two antibiotics (gentamicin and colistin 

sulphate). 

 

 

 

 

 

 

 

 

 

 

Figure 8 - Results of antimicrobial susceptibility testing; S, I, R = proportional 

representations of sensitive, intermediately-resistant and resistant isolates, respectively, against 

the antimicrobials tested; AML, Amoxicillin; CIP, Ciprofloxain; TE, Tetracyclin; 

AMP,Ampicillin; DO, Doxicyclin; GEN, Gentamicin; N, Norfloxacin; ENR, Enrofloxacin; CT, 

Colistin Sulphate. 
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Chapter V- Discussion 

The results of the study revealed that, bacterial load was found in 103 out of total 150 water 

samples by observing the change in color of MacConkey broth and gas production after 

incubation. After culturing this positive samples into EMB agar, MacConkey agar and Indole test 

(biochemical), only 35 (15%) were found to be E. coli and rest were probably not E. coli. 

Coliform count (1001 and above) and E. coli load was found highest in broiler farms accounting 

46% and 30%, respectively; whereas lowest (10%) was recorded in breeder farms. 

Lowest pH value (4.02) was recorded in drinkers from different poultry farms. It might be due to 

using the same drinkers for large number of birds. Carter and Sneed (1996) stated that well water 

normally should have pH in the range from 6.8 to 7.8, although it is not uncommon for the pH to 

be either higher or lower which is almost similar with our present study (6.13 to 7.36). The water 

pH value was almost neutral in breeder farms. They treated water with chlorine before using to 

birds and it might be a reason for neutral pH value.  There was a significant variation in MPN 

index with pH values in the current study. Water samples with lower pH group A (4-5) showed 

only 6% zero coliform counts which indicates high bacterial load, while the  highest (42%) 

number of zero coliform count (0) was recorded in Group C (pH Value, 7-7-5) which indicates 

lower bacterial contamination. Number of coliforms above 1001 was found highest (60%) in 

group D (pH value, 7.6 and above) and lowest (14%) in group C (pH value, 7 – 7.5). It indicates 

that neutral water harbors less coliforms than acidic water. From the current study, a high 

contamination of fecal coliforms was found in water samples collected from drinkers as because 

only 23% samples showed no coliform. In contrast, water samples from Tanks; and Motor Pump 

and Tube well showed 42% and 36% zero coliform count, respectively. All water samples 

presented MPN values were higher than the international standards (Amaral et al., 2001; Bettega 

et al., 2006; Carter et al., 2010). This contamination may be due to the use of bell drinkers. 

Studying the water quality in different types of drinkers, Barros et al. (2001) and Valias & Silva 

(2001) found that bell drinkers may reduce the biological quality of the water provided to 

broilers, posing a high risk of contamination. In our study, we found higher contamination in 

drinkers which is almost similar with the findings of the above researchers. And, higher 

contamination in drinkers in studied farms might be occurred via shedding of intestinal flora of 
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birds during watering. Or, due to using same drinker for large number of birds where water can 

get contaminated from sick birds.  

As the hygienic status of drinking water varies greatly among farms, methods and strategies to 

identify critical contamination points need to be identified and updated, and measured to control 

water-borne diseases at farm level need to be applied. Work on water samples from open wells in 

Conakry was carried out by Gelinas et al. (1996) and reported widespread well water 

contamination for nitrate and fecal bacteria. Reason for this was linked to insufficient well 

maintenance, high permeability of the soil and shallow water table of the area sampled. Lewis et 

al. (1981) reported the pit latrine sanitation and shallow underground water exploitation for 

drinking purposes conflict one another because of the facilitated migration of contaminants, both 

bacteriological and chemicals, through the soil. 

A significant difference found among bacterial load and farm locations. Bacterial load was found 

in almost all places, however the ranges are not same for all places. The  highest  (60%)  

percentage  of  samples  with  no  bacterial  load  was  observed  in  Zone  3 (Hathazari),  in 

contrary only  20% samples were found positive with zero coliform count in Zone 2 (Pahatali) 

indicating a  heavy  bacterial  contamination  in  zone  2. Interestingly, there were no water 

samples with number of coliform above 201 in case of Zone 1 (Raojan and Chandanaish). This 

might be due to influence of geographical locations on bacterial loads. Hassan et al. (2009) 

conducted a research on fifteen (15) different water sources in some rural communities of Zaria, 

Nigeria for microbial index of water quality in relation to seasonal influence and found that the 

microbial quality of the water sources located near point sources of fecal contamination (pit 

latrine, sanitary drainage) raised some points of concern particularly during the rainy season 

when the water sources become extensively contaminated. Whereas, Ferguson et al. (1996) 

studied the relationship between indicators and water quality in an estuarine system and 

associated rainfall and sewage overflows with significant increases in MPN index count. 

Though, we did not include this parameter in our study. But, it might have influence along with 

geographical locations in increased MPN index count. 

Present study showed zero coliform count in Broiler farms, Layer farms and Breeder farms were 

16%, 19% and 60% respectively which states the highest contamination of water in Broiler 

farms. Also, In  case  of  coliform  count  (1001  and  above),  samples  of  broiler  farms  were  
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highly positive (46%). Koelkebeck et al. (1999) studied the effect of water quality using different 

water sources for layers, and the experimental results indicated that the quality of drinking water 

may greatly affect layer performance. Considering that water consumption (both daily and per 

cycle) is a key indicator of bird welfare, appropriate water supply and management is highly 

desirable (Manning et al., 2007). Total bacteria and coliform bacteria concentrations should not 

exceed 100 and 50 colony-forming units/100 ml, respectively, in the drinking water of broilers 

(Carter et al., 2010; Valias & Silva, 2001). 

In our study, we found water treatment only practiced in Breeder farms and bacterial load was 

lowest (60%) there comparing with non-treatment water. In order to avoid diseases transmission, 

attention must be paid for the sources of infection inside farms and hygienic construction of such 

troughs and disinfection of drinking water in order to avoid diseases transmission (Draz et al., 

1996). In case of Broiler and Layer farms, we found same number of E. coli positive samples 

(30% for both), whereas lowest E. coli positive samples was found in Breeder farms (10%). 

Concerning E. coli, it was observed that the obtained incidence in case of broiler farms (10.2 %) 

was higher to that recorded by Sotohy et al. (1989) (9.19%), Basha et al. (1997) (10.93%) and 

Mohammed (2005) (11.43%), while it was similar with that recorded by Draz et al. (1996) (36.7 

%), Abd El-Haleem (2000) (20.8 %), El-Zarka et al. (2003) (25%), and Shita et al. (2009) (21.3 

%). Samaha et al. (2013) examined 25 water samples collected from broiler farms and layer 

farms respectively and found 10.2 % and 12.6 % respectively. But, in our study we found higher 

prevalence rate than this. It might be due to different biosecurity and management practices in 

the farms. 

In case of Tank, only 8% samples were found positive for E. coli, whereas more positive isolates 

were found in motor China setter, pipeline, dairy farms and drinking water. Interestingly, no 

significant variation amount was found among the different water sources. This difference in E. 

coli percentage in water samples that collected from both broiler farms and layer farms may be 

due to the variety of watering systems as layer farms use nipple watering system versus 

automatic and manual drinkers in broiler farms which are exposed to contamination from birds 

and litter particles. 

The identities of 35 bacterial isolates that yielded red color ring in Indole test were subjected to 

PCR to detect two genes, stx1 and stx2 (Shiga toxin producing), however none of the isolates 
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yielded any of the two genes. Exact cause is unknown. Whether the samples really did not have 

any shiga toxin producing gene (stx1, stx2) or it might be due to not optimization of PCR 

condition for detecting the genes. Due to time constraint, enough time was not found for 

optimizing PCR condition. 

E. coli is able to acquire resistance easily; therefore it is a good bioindicator model for 

surveillance studies of antimicrobial resistance. Antimicrobial resistance testing was performed 

by disc diffusion method using 9 different antibiotics. For E. coli, doxicycline (25.71%) and 

norfloxacin (37.14%) showed intermediate sensitivity but, tetracycline, ampicillin, and 

amoxycillin showed 94.29%, 91.43% and 88.57% resistance respectively. This finding was 

supported by Cloud et al. (1985), Irwin et al. (1989), Blanco et al. (1997), Bass et al. (1999) and 

Li et al. (2007). For colistin sulphate and gentamicin the organism showed 94.29% and 82.86% 

sensitivity respectively. Nazir et al. (2005) and Hashem et al. (2012) also got similar result who 

reported E. coli to be highly sensitive to colistin sulphate (100%) and ciprofloxacin to be 

intermediately (50%) sensitive.  However, Rahman et al. (2004) reported E. coli to be highly 

sensitive to ciprofloxacin but, they opined that it may be due to that ciprofloxacin was then 

newly introduced in the treatment of poultry in Bangladesh when the organism did not have 

enough time to grow resistance against the drug. 

The major limitation of this study was time limit; seasonal variation was also not included. 

Secondly, the study was conducted with only limited number of samples. So, the study should 

also be performed at different location of Chittagong Division along with the consideration of 

total suspended solid (TSS), turbidity, seasonal and temperature variation. 
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Chapter VI- Conclusion 

Total 103 out of 150 water samples were found positive with MPN index count. Samples from 

Broiler farms showed higher (46%) MPN index (1001 and above) than Layer and Breeder farms. 

The bacaterial load was more in Drinkers than other sources. And, there was a significant 

variation in MPN index count with water treatment and pH value. In case of lower pH value, the 

bacterial load was more comparing with higher pH values. Similar observation found in case of 

non-treated water where maximum bacterial load was counted. However, water treatment was 

only performed in Breeder farms in our current findings. Geographical locations were also 

associated with variation in bacterial load. Out of 103 positive samples from MPN, only 35 were 

found positive for E. coli. Among them, highest number of E. coli isolates (30% respectively) 

was obtained from Broiler and Layer farms. However, no significant variation was found in E. 

coli prevalence at different water sources. None of the isolates yielded any Shiga toxin producing 

gene (stx1, stx2). The E. coli isolates were susceptible to Colistin Sulphate and Gentamycin with 

an intermediate sensitivity to norfloxacin and doxycyline. The organisms showed 94.29% and 

91.43% resistance to ampcillin and tetracycline, respectively. This knowledge of antibiotic 

sensitivity could be used in prescribing antibiotics for the treatment of colibacillosis in the 

Chittagong region. However, for detecting virulence genes of E. coli further work is needed for 

establishing a molecular diagnostic method. 
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ANNEX 1 

 

Questionnaire relating to water sample collection to detect E. coli 

 

Sample ID …………………………………… 

Farm Name …………………………………… 

Location of the farm …………………………………… 

Total Bird …………………………………… 

Bird type …………………………………. 

Source of Water …………………………………… 

Washing Frequency of Tank or Pipeline …………………………………… 

Water treatment with bleaching powder …………………………………… 

Previous history of Colibacillosis in Farm …………………………………… 

Information about recent anitibiotic use …………………………………… 

pH value of the sample …………………………………… 

Additional Comment …………………………………… 
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ANNEX 2 

Most Probable Number per 100 ml using three tubes each inoculated with 10, 1.0 and 0.1ml 

of sample. 

Tubes Positive M.P.N Tubes Positive M.P.N Tubes Positive M.P.N 

10 

ml 

1.0 

ml 

0.1 

ml 

 10 

ml 

1.0 

ml 

0.1 

ml 

 10 

ml 

1.0 

ml 

0.1 

ml 

 

0 0 1 3 1 2 0 11 2 3 3 53 

0 0 2 6 1 2 1 15 3 0 0 23 

0 0 3 9 1 2 2 20 3 0 1 39 

0 1 0 3 1 2 3 24 3 0 2 64 

0 1 1 6 1 3 0 16 3 0 3 95 

0 1 2 9 1 3 1 20 3 1 0 43 

0 1 3 12 1 3 2 14 3 1 1 75 

0 2 0 6 1 3 3 29 3 1 2 120 

0 2 1 9 2 0 0 9 3 1 3 160 

0 2 2 12 2 0 1 14 3 2 0 93 

0 2 3 16 2 0 2 20 3 2 1 150 

0 3 0 9 2 0 3 26 3 2 2 210 

0 3 1 13 2 1 0 15 3 2 3 290 

0 3 2 16 2 1 1 20 3 3 0 240 

0 3 3 19 2 1 2 27 3 3 1 460 

1 0 0 4 2 1 3 34 3 3 2 1100 

1 0 1 7 2 2 0 21 3 3 3 1100+ 

1 0 2 11 2 2 1 28   

1 0 3 15 2 2 2 35  

1 1 0 7 2 2 3 42  

1 1 1 11 2 3 0 29 

1 1 2 15 2 3 1 36 

1 1 3 19 2 3 2 44 

From Jacobs and Gerstein‟s Handbook of microbiology, csopyright, 1960 
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