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Abstract

Geographical variation of antibiotic resistance (ABR) is a great diffi-
culty for the empirical antibiotic’s prescription for infectious diseases. 
The development of ABR in bacteria is believed in associated with 
some risk factors. In addition, ABR against antibiotic drugs due to its 
associated risk factors has been linked with various negative health 
outcomes. However, almost no information is available in relation to 
such issues of bacteria isolated from environmental samples in Ban-
gladesh. This study first time describes that information’s of E. coli 
isolated from foodstuffs and drinking water in urban and rural areas 
in Bangladesh. We isolated E. coli from 72 samples (urban 36 and rural 
36) from foodstuffs (rice, carrot and tomato) and drinking water (fil-
tered water, tea stall water and tube well water) in Sylhet division, and 
tested the antibiogram by disc diffusion and spread plate methods 
against 14 commonly used antibiotics. Sociodemographic data by us-
ing a structured questionnaire were collected from 577 participant’s 
child, adolescent and old in urban and rural areas. In this study, we 
found the occurrence of E. coli isolated from foodstuffs and drinking 
water is 33.33% and 11.11% in urban and rural areas respectively. This 
study represents E. coli is resistant (100%) to AMP, AMX, E and P in 
both the urban and rural areas. However, CTX (83%), C (100%), COT 
(33%), GEN (83%), DO (17%), AK (83%) and NA (50%) are resistant 
only in the urban but not rural area. On the other hand, AZM (100%), 
CIP (100%) and TE (100%) are completely sensitive to E.coli in both the 
urban and rural areas whereas CTX (100%) is only to rural E.coli. Im-
portantly, multiple antibiotic resistance (MAR) of E.coli is significantly 
higher in urban than rural samples. Moreover, our data also indicates 
that ABR associated risk factors link with negative health outcomes in 
Sylhet division.
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Introduction

Antibiotic resistance (ABR) has turned into a severe global 
health crisis and yet people are not completely aware of the 
threat that poses at the individual level as well as the communi-
ty level [1-3]. Remarkly, the ABR costs are comparatively high in 
the developing countries where the healthcare system is not as 
advanced. As a result, ABR causes significant morbidity world-
wide, and some estimates indicate attributable mortality could 
reach up to 10 million by 2050 [1-6]. Accordingly, bacterial ABR 
is now becoming main hindrance to use antibiotic in treating 
infectious disease in middle income country Bangladesh. Direct 
or indirect contact with drinking water and foodstuffs contami-
nated by antibiotic resistance bacteria (ABRB) could harm and 
infect the human population [7-10]. However, the presence and 
distribution of ABRB in a drinking water source, is always ne-
glected due to strict legal protection and less anthropogenic ac-
tivities. According to literatures, the context of ABR in drinking 
water sources is of serious grave concern [9,11-14]. Thus, con-
sidering the source of water and foodstuffs are directly related 
with human activity and health, understanding the prevalence 
of ABR in these sources is of great importance.

It is well known that ABR occurs as a natural process at low 
rates in bacteria [15]. In addition, ABR occurs via molecular 
mechanisms antibiotics efflux, enzymatic modifications of an-
tibiotics, enzymatic breakdown of antibiotics and modification 
in target sites [1,2,6,16-18]. Thus, bacteria that cause infections 
in humans can develop or acquire resistance to antibiotics com-
monly used against them [5,19]. In Bacteria, the gradual devel-
opment of ABR is mediated by diverse resistance genes that 
evolve as a result of antibiotic selection pressure exerted by 
the irrational overuse of antibiotics, misuse of antibiotics, self-
medication, ignorance of the common people to complete the 
course of antibiotics prescribed by the healthcare professionals 
and excessive use antibiotics in livestock’s, agriculture and food 
industry [2,3,5,15,17,19-24]. Additionally, ABR against antibi-
otic drugs due to its associated factors have been linked with 
various negative health outcomes infectious disease, chronic 
disease, respiratory disease, skin problem, severe allergies, hy-
persensitivity and risk of obesity, brain stroke, heart attack and 
cancer [25-35]. 

Escherichia coli (E. coli) a member of the faecal coliform 
group, has been used as an indicator of human enteric patho-
gens, infectious diseases and antimicrobial resistance [36-39]. 
Accordingly, E. coli is frequently associated with ABR that can 
survive well in aquatic environments, and is highly adept at 
horizontal gene transfer who is deemed as the vector for ABR 
dissemination [40, 41].  In many countries E. coli has shown that 
the variation of ABR, the associating factors of ABR and the neg-
ative health outcomes of ABR [5,20,21,23,28,34,42]. However, 
almost no information is available in relation to such issues of 
E.coli isolated from environmental samples in Bangladesh. This 
study first time describes that information’s of E. coli isolated 
from foodstuffs and drinking water in urban and rural areas of 
Sylhet division of Bangladesh. We determined the prevalence 
of E. coli and water quality in urban and rural areas. We inves-
tigated the antibiogram of E. coli isolated from foodstuffs and 
drinking water samples against 14 antibiotics commonly used in 
medical practices. Moreover, existences of regional differences 

in multiple antibiotic resistance (MAR) profiles will be estimat-
ed. We further examined the effects of water quality on MAR. 
Finally, we also studied the presence of possible link between 
factors associated with ABR and its negative health outcomes.

Material and methods

Sampling sites, samples collection, data collection and wa-
ter quality data 

From March 2018-February 2019, foodstuffs and drinking 
water were collected from urban and rural areas in Sylhet divi-
sion. Foodstuffs (rice, tomatoes, and carrot) and drinking water 
(filter water, tap water and tea-stall water) were taken in this 
study. A structured questionnaire was used to collect data on 
socio-demographics (age, sex, education etc.), ABR associated 
factors, health diseases etc. from children, adolescent and old 
people in urban and rural areas. Data were entered in Excel file 
and generated graph by student’s t-test method. Water quality 
parameters were measured according to Bangladesh National 
Standard Methods. Briefly, water temperature (Thermometer 
method), pH (Glass electrode method), and dissolved oxygen 
(Electrochemical probe method) were measured in using a 
digital display thermometer (Ruiming, Changzhou, China), a pH 
meter (METTLER, Switzerland) and an YSI-58 instrument (Yellow 
Spring, USA) respectively in the Department of Geography and 
Environment, Shahjalal University of Science and Technology, 
Sylhet, Bangladesh.

Isolation of E. coli from foodstuffs and water samples and 
their antibiogram test

Membrane filtration method [43] was used to isolate E. coli 
from food stuffs and drinking water from urban and rural areas 
in Sylhet division. Briefly, a 100 ml aliquot of water from sample 
was filtered through a 0.22 μm membrane filter (Millipore, Car-
rightwohill, IRL) using a filter funnel and vacuum system (mod-
el, NC-10023). The membranes were placed on E. coli-Coliforms 
Chromogenic Mediums (Nissui, Qingdao, China) and incubated 
at 37◦C for 24 h. After incubation, blue colonies represented E. 
coli. Typical E. coli were picked and purified on the MacConkey 
Agar (Nissui, Qingdao, China). 

Antibiotic susceptibility testing for confirmed E. coli was 
conducted by the Kirby-Bauer disk diffusion and spread plate 
methods on Luria agar medium (Oxoid, Basingstoke, England) 
as recommended by Clinical Laboratory Standard Institute [44]. 
14 (fourteen) different antibiotics (Figure 2) were used in this 
study ciprofloxacin (CIP), Ampicillin (AMP), Amoxicillin (AMX), 
Erythromycin (E), Amikacin (AK), Gentamicin (GEN), Chloram-
phenicol (C), Co-trimoxazole (COT), Nalidixic acid (NA), Azithro-
mycin (AZM), PenicillinG (P), Cefotaxime (CTX), Tetracycline (TE) 
and Doxycycline (DO) (Oxoid, England). “Sensitive” “intermedi-
ate resistant” or “fully resistant” patterns of E. coli were judged 
using antibiotic minimum inhibitory concentration provided by 
the guidelines of the CLSI. 

Disc diffusion method 

This method was performed by using the antibiotic discs, 
which contain antibiotics at a particular concentration [45]. 
Ciprofloxacin, Ampicillin, Amoxicillin, Erythromycin, Amikacin, 
Gentamicin, Chloramphenicol, Co-trimoxazole, Nalidixic acid, 
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Azithromycin, PenicillinG, Cefotaxime, Tetracycline and Doxy-
cycline were used for this method. When the antibiotics are 
placed on the LA media with bacteria, it diffuses from the disc 
and spread outside the surrounding of the disc and produce cir-
cular zone. If the microorganism in the plate is sensitive, it will 
create a clear zone of circle around the disc on the other hand 
it will not create a clear zone which means the bacteria is resis-
tant. Slide caliper was used to measure the zone of inhibition 
(ZOI) and categorized as Sensitive, Intermediate resistance and 
fully resistance.

Spread plate method 

In spread plate method antibiotic solutions at specific con-
centration are mixed with the LA media. 13 different antibiot-
ics were used in this method. In spread plate method bacterial 
colony was countered by colony counting device.

Figure 1: This study area is carried out in Sylhet division (location 
symbol) in Bangladesh.

Figure 2: Classes of antibiotics used in this study. Aminoglycosides, 
Beta-Lactam, Macrolids, Cephalosporin, Fluroquinolone, Tetracy-
cline and other classes are used.

Results

Water quality of rural and urban drinking water

We measured water quality temperature, PH, BOD and DO 
in water from urban and rural samples (Table 1). We found that 
there are no remarkable changes of PH and temperature be-
tween urban and rural water.   In addition, BOD value of rural 
water is considerably higher than unban water indicating pol-
luted water in urban. Moderately polluted water has BOD value 
range of 2-8 mg/L. DO value was good in rural water than urban 
water. Healthy water should generally have DO concentrations 
above 6.5-8 mg.

The prevalence and antibiogram of E. coli in urban and rural 
samples in Sylhet

We collected total 72 samples (n=36 from urban and n=36 
from rural areas) from food stuffs (Tomato n=6, carrot n=6 and 
rice n=6 from refrigerator) and drinking water (tap water n=6, 
filtered water n=6 and tea stall water n=6) in Sylhet division. 
We found E. coli 12 (33.33%) and 4 (11.11%) in urban and ru-
ral samples respectively (Table 2). We tested antibiogram of 14 
commonly used antibiotics by disc diffusion and spread plate 
(data not shown) methods in E.coli isolated from Carrot, toma-
to (data not shown), rice (data not shown), tea stall water, tap 
water (data not shown) and filtered water (data not shown) in 
urban and rural areas. 

In the case of urban samples, our disc diffusion results show 
that P, CTX, AMP, E and AMX are completely, and C, AK and GEN 
are intermediate resistant whereas TE, DO, NA, CIP, AZM and 
COT are sensitive to E. coli isolated from carrot sample (Figure 
3). E. coli from urban tea stall water is completely resistant to 
AMP, CTX, AMX, NA, E, P and COT, and intermediate resistant to 
DO, C and TE whereas sensitive to AK, GEN AZM and CIP (Figure 
4). Our statistical analysis of urban samples show that E. coli is 
resistant to AMP (100%), AMX (100%), E (100%), P (100%), C 
(100%), CTX (83%), COT (33%), GEN (83%), DO (17%), AK (83%) 
and NA (50%), and intermediate resistant to CTX (17%), TE 
(33%), GEN (17%), DO (50%) and AK (17%) whereas sensitive to 
AZM (83%), COT (67%), CIP (100%), TE (67%), DO and NA (50%) 
(Figure 5). 

In the case of rural samples, our disc diffusion results show 
that E, P and AMX are completely resistant, and AMP is inter-
mediate resistant whereas AK, TE, AZM, CTX, COT, GEN, C, DO, 
NA and CIP are sensitive to E.coli isolated from carrot sample 
(Figure 6) E.coli from tea stall water is completely resistant to 
E, AMX, P and AMP and intermediate resistant to TE whereas 
sensitive to COT, C, NA, GEN, CIP, CTX, DO, AZM and AK. (Figure 
7). Our statistical analysis of rural samples show that E. coli is 
resistant to AMP (100%), AMX (100%), E (100%) and P (100%), 
and intermediate resistant to CTX (50%) and TE (17%) whereas 
sensitive to CTX (50%), C (100%), AZM (100%), COT (100%), CIP 
(100%), TE (83%) GEN (100%), DO (100%), AK (100%) and NA 
(100%) (Figure 8).

In summary, AMP, AMX, E and P all are resistant (100%) in 
both the urban and rural area in Sylhet division. However, CTX 
(83%), C (100%), COT (33%), GEN (83%), DO (17%), AK (83%) 
and NA (50%) are resistant only in the urban but not rural area 
of this division (Figure 9). On the other hand, AZM (100%) CIP 
(100%) and TE (100%) are completely sensitive to E.coli in both 
the urban and rural area (Figure 9). In addition, rural E.coli is 
sensitive to CTX (100%) and urban E.coli to CTX (17%), COT 
(66%), GEN (17%), DO (83%), AK (17%) and NA (50%) (Figure 
9). Importantly, multiple antibiotic resistance (MAR) of E. coli 
is significantly higher in urban than rural samples (Table 3). To-
gether, our results suggest geographical variations of antibiotics 
resistance exist in Sylhet Division. 

Occurrence of antibiotic resistance associated factors and 
its related diseases

We analyzed total 577 questionnaires from urban (n=283) 
and rural (n=284) areas in this study.  Male and female chil-
dren (n=100), adolescent (n=82) and old (n=102) from urban 
and children (n=100), adolescent (n=102) and old (n=91) from 
rural areas were included in this study. A structured question-
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naire form was used to collect information about factors asso-
ciated with ABR and its related negative health outcomes like 
infectious diseases, chronic diseases and antibiotic allergy. In 
this study, we considered following factors associated with ABR 
are: no idea of antibiotic, no knowledge of antibiotic resistance, 
take antibiotic for fever, take antibiotic for cold/sore throat, self 
medication, incomplete course of antibiotics, not checking ex-
pire date of antibiotics, keep leftover antibiotics and stop taking 
antibiotic when feel better (Figure 10). 

Our data indicates that the higher rate of no idea of antibiot-
ic (in urban 72% and rural 89%), no knowledge of antibiotic re-
sistance (in urban 79% and rural 94%), self medication (in urban 
30% and rural 51%), incomplete course of antibiotics (in urban 
62% and rural 72%), not checking expire date of antibiotics (in 

Table 1: Measurement of water Quality parameters in urban and 
rural areas. Mild difference in temperature and No difference of PH 
between urban and rural filtered and tube well water.  The value of 
BOD is increased in urban filtered and tube well water compared 
to rural water. The DO value is little high in rural water than urban. 

Water quality Param-
eters

Urban water Rural water

Filtered 
water

Tube well 
water

Filtered  
water

Tube well 
water

Temperature (°C) 28 27.5 30.25 30

pH 7.6 6.87 7.4 7.4

Biological Oxygen De-
mand (BOD) mg/dl

3.5 3 2 2

Dissolved Oxygen (DO)
mg/dl

6.5 7 8 9

urban 42% and rural 70%), and stop taking antibiotic (in urban 
30% and rural 70%) in rural than urban people. Nevertheless, 
our data also indicates that the higher rate of take antibiotic for 
fever (in urban 34% and rural 23%), take antibiotic for cold/sore 
throat (in urban 39% and rural 25%) and keep leftover antibiot-
ics (in urban 37% and rural 13%) in urban than rural people (Fig-
ure 10). We next aimed in this study, whether or not those ABR 
associated factors have any effect on negative health outcomes 
(Figure 11). In child, we found that the higher occurrence rate of 
chronic disease and antibiotic allergy in urban than rural area. 
However, the occurrence rate of infectious disease in child was 
higher in rural than urban area. In the case old, the occurrence 
rate of infectious disease, chronic disease and antibiotic allergy 
were higher in urban than rural area (Figure 11).

Table 2: Prevalence of E. coli in urban and rural samples. In urban, 
12 samples have E. coli among 36 samples (33.33%). In rural, 4 
samples have E. coli among 36 samples (11.11%).

Sampling area
No. of Samples 

tested 
No. of Samples have 

E. Coli
Occurrence of 

E. Coli (%)

Filtered water Tube well water Filtered water

Temperature (°C) 28 27.5 30.25

Table 3: Prevalence of E. coli in urban and rural samples. In urban, 
12 samples have E. coli among 36 samples (33.33%). In rural, 4 
samples have E. coli among 36 samples (11.11%).

Samples

Multiple antibiotic resistant (MAR) of E. 
Coli. (MAR=a/b, a= number of resistant  
antibiotics, b= total numbver of antibiotics

Rural Urban

Foodstuffs

Tomato E. Coli not Present 0.64

Carrot 0.28 0.50

Rice E. Coli not Present 0.42

Drinking Water

Tap Water E. Coli not Present 0.35

Filtered Water E. Coli not Present 0.57

Tea stall water 0.28 0.57

Figure 3: Antibiotic susceptibility test in E.coli from urban carrot 
sample. E.coli from urban carrot is completely resistant to P, CTX, 
AMP, E and AMX and intermediate resistant to C, AK and GEN. Con-
versely, E.coli is sensitive to TE, DO, NA, CIP, AZM and COT (Fully 
resistance ZI≤13mm, Intermediate resistance ZI=14-16mm and 
Sensitive ZI≥ 17mm).

Figure 4: Antibiotic susceptibility test in E.coli from urban tea stall 
water sample. E.coli from urban tea stall water is completely re-
sistant to AMP, CTX, AMX, NA, E, P and COT and intermediate re-
sistant to DO, C and TE. Conversely, E.coli is sensitive to AK, GEN 
AZM and CIP (Fully resistance ZI≤13mm, Intermediate resistance 
ZI=14-16mm and Sensitive ZI≥ 17mm).
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Figure 5: The antibiogram of urban samples. Amoxicillin (100%), 
Erythromycin (100%), Penicillin (100%), Cefotaxime (83%), Chlor-
amphenicol (100%), Co-trimoxazole (33%), Gentamicin (83%), 
Doxycycline (17%), Amikacin (83%) and Nalidixic acid (50%) are 
fully resistant to E. coli isolated from urban samples. Cefotaxime 
(17%), Tetracycline (33%), Gentamicin (17%), Doxycycline (50%) 
and Amikacin (17%) are intermediate resistant to E. coli isolated 
from urban samples. On the other hand, Azithromycin (100%), Cip-
rofloxacin (100%), Tetracycline (67%), Doxycycline (33%) and Nali-
dixic acid (50%) are sensitive to E. coli isolated from urban samples.

Figure 6: Antibiotic susceptibility test in E.coli from rural carrot 
sample.  E.coli from rural carrot is completely resistant to E, P and 
AMX and intermediate resistant to AMP. Conversely, E.coli is sensi-
tive to AK, TE, AZM, CTX, COT, GEN, C, DO, NA and CIP (Fully resis-
tance ZI≤13mm, Intermediate resistance ZI=14-16mm and Sensi-
tive ZI≥ 17mm).

Figure 7: Antibiogram of E.coli from rural tea stall water sample. 
E.coli from rural tea stall water is completely resistant to E, AMX, 
P and AMP and intermediate resistant to TE. Conversely, E.coli is 
sensitive to COT, C, NA, GEN, CIP, CTX, DO, AZM and AK (Fully resis-
tance ZI≤13mm, Intermediate resistance ZI=14-16mm and Sensi-
tive ZI≥ 17mm).

Figure 8: The antibiogram of rural samples. Ampicillin (100%), 
Amoxicillin (100%), Erythromycin (100%) and Penicillin (100%) are 
fully resistant to E. coli isolated from rural samples. Cefotaxime 
(50%) and Tetracycline (17%) are intermediate resistant to E. coli 
isolated from rural samples. On the other hand, Cefotaxime (50%), 
Chloramphenicol (100%), Azithromycin (100%), Co-trimoxazole 
(100%), Ciprofloxacin (100%), Tetracycline (83%), Gentamicin 
(100%), Doxycycline (100%), Amikacin (100%) and Nalidixic acid 
(100%) are sensitive to E. coli isolated from rural samples.
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Figure 9: Compare the antibiogram of E.coli isolated from urban 
and rural samples. Ampicillin (100%), Amoxicillin (100%), Erythro-
mycin (100%) and Penicillin (100%) are fully resistant to the both 
urban and rural E. coli. Whereas the Cefotaxime (83%), Chloram-
phenicol (100%), Co-trimoxazole (33%), Gentamicin (83%), Doxy-
cycline (17%), Amikacin (83%) and Nalidixic acid (50%) are only 
fully resistant to the urban E. coli. On the other hand, Azithromycin 
(100%), Ciprofloxacin (100%) and Tetracycline (100%) are sensitive 
to the both urban and rural E. coli. In addition, Cefotaxime (100%) 
in rural and Cefotaxime (17%), Co-trimoxazole (66%), Gentamicin 
(17%), Doxycycline (83%), Amikacin (17%) and Nalidixic acid (50%) 
in urban are sensitive.

Figure 10: The occurrence rate of antibiotic resistance associated 
risk factors in urban and rural areas. The occurrence rate of no idea 
of antibiotic (in urban 72% and rural 89%), no knowledge of anti-
biotic resistance (in urban 79% and rural 94%), take antibiotic for 
fever (in urban 34% and rural 23%), take antibiotic for cold/sore 
throat (in urban 39% and rural 25%), self medication (in urban 30% 
and rural 51%), incomplete course of antibiotics (in urban 62% and 
rural 72%), not checking expire date of antibiotics (in urban 42% 
and rural 70%), keep leftover antibiotics (in urban 37% and rural 
13%), and stop taking antibiotic when feel better (in urban 30% 
and rural 70%).

Figure 11: The occurrence rate of infectious diseases, chronic dis-
eases and antibiotic allergy in urban and rural areas. In the case 
urban area, infectious diseases (in child 34%, in adolescent 55% 
and in old 61%), chronic diseases (in child 8%, in adolescent 10% 
and in old 29%), and antibiotic allergy (in child 25%, in adolescent 
12% and in old 20%). In the case rural area, infectious diseases (in 
child 50%, in adolescent 50% and in old 54%), chronic diseases (in 
child 6%, in adolescent 13% and in old 26%), and antibiotic allergy 
(in child 15%, in adolescent 10% and in old 11%).  

Discussion

In this study, we compare the geographical variation of the 
antibiotic resistance of E. coli first time in Bangladesh. Our re-
search group aims to make antibiotic resistance variation pro-
files 8 divisions of Bangladesh. Accordingly, our first study is in 
the urban and rural Sylhet division of Bangladesh. We also as-
sessed the presence in this study if the antibiotic resistance and 
its associated factors lead to negative health outcomes.

In this study, we found the prevalence of E. coli is higher 
in urban than rural area suggesting that faecal contamination 
could be higher in urban region (Table 2). E. coli, a member 

of the faecal coliform group, has been used as an indicator of 
human enteric pathogens for many years [36]. A study among 
adults from eight developing countries found the contrasting 
result that the prevalence of resistance in fecal E. coli was more 
common in urban than in rural areas [38].  We also found that E. 
coli is resistant (100%) to AMP, AMX, E and P in both the urban 
and rural areas in Sylhet division. However, CTX (83%), C (100%), 
COT (33%), GEN (83%), DO (17%), AK (83%) and NA (50%) are 
resistant only in the urban but not rural area of this division 
(Figure 9). On the other hand, AZM (100%) CIP (100%) and TE 
(100%) are completely sensitive to E. coli in both the urban and 
rural area. In addition, rural E. coli is sensitive to CTX (100%) and 
urban E. coli to CTX (17%), COT (66%), GEN (17%), DO (83%), AK 
(17%) and NA (50%) (Figure 9). ABR pattern and their criteria are 
quite different in developed and developing countries [47, 48]. 
E. coli isolated from patient’s urine is resistant to Azithromycin, 
Ampicillin, Amoxicillin, Tetracycline, Doxycycline, Ciprofloxacin, 
Cephradine, PenicillinG and Chloramphenicol in Rajshahi city 
Bangladesh [49]. The geographical variation of ABR in E. coli 
from environmental samples has found in many studies [50-58]. 
Thus, our results suggest a geographical variation of ABR is ex-
isted in Sylhet Division.  In addition, we found higher MAR index 
of E. coli from drinking water and foodstuffs in urban area than 
rural area of Sylhet division (Table 3). Notably, a MAR index 
˃0.2 indicates the high-risk source of contamination [46]. 
E. coli from environmental samples has shown MAR profiles in 
India [58]. Multi drug resistance (MDR) E. coli was also reported 
from poultry farms, wild birds, pigeons, dogs, and humans [59]. 
We found water quality is relatively bad in urban area might be 
passively leading E.coli to be MAR (Table 1). Study has found the 
relation between water quality an antibiotic resistant [60]. Im-
portantly, bacteria can develop MDR patterns through different 
genetic mechanisms [61,62]. Accordingly, our results suggest 
that the urban E. coli has high contamination rate leading 
poor antibiotic treatment for the E. coli infections. 
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Furthermore, our study found that the higher rate of no idea 
of antibiotic, no knowledge of antibiotic resistance, self medica-
tion, incomplete course of antibiotics, not checking expire date 
of antibiotics and stop taking antibiotic in rural than urban peo-
ple. Our data also indicates that the high rate of take antibiotic 
for fever, take antibiotic for cold/sore throat and keep leftover 
antibiotics in urban than rural people (Figure 10). In addition, 
we also found that in child the higher occurrence rate of chronic 
disease and antibiotic allergy in urban than rural area. However, 
the occurrence rate of infectious disease in child was higher in 
rural than urban area. In the case old, the occurrence rate of 
infectious disease, chronic disease and antibiotic allergy were 
higher in urban than rural area (Figure 11). Accordingly, our re-
sults suggest that the correlation between the occurrence rates 
of ABR associated factors and its negative health outcomes is 
not exhibited. One reason, the urban area possibly posse’s high 
prevalence of pathogenic E. coli leading high ABR and nega-
tive health outcomes although having the lower occurrence of 
ABR associated factors. Infections caused by resistant bacterial 
strains lead to up to two-fold higher rates of adverse outcomes 
compared with similar infections caused by susceptible strains 
[63]. Antibiotic overdose can also cause some other health 
threats such as skin problems, severe allergies, hypersensitivity 
etc. Improved knowledge and more awareness among the non-
medical population about allopathic drugs, especially an un-
derstanding of the usage of antibiotics can help in limiting the 
microbial resistance issues globally [25]. Due to aberrant use of 
antibiotics, numerous bacterial human pathogens have evolved 
into MDR types. Therapeutic preferences for these resistant mi-
crobes are less, and these are associated with a prolonged stay 
at hospital and increased economic cost. MDR types bacteria 
become more pathogenic over times. Antibiotic resistance en-
ables bacteria able to overcome therapeutics and virulence is 
necessary to fight the host immune system leading infections 
in human [64, 65].

Conclusions

In conclusion, this study shows first time in Bangladesh the 
prevalence of antibiogram in E. coli isolated from food stuffs 
and drinking water in Sylhet division. In addition, this study also 
shows the presence of antibiotic resistance, its associated fac-
tors and negative health outcomes in Sylhet division.

1. 	 Our findings suggest that fecal contamination is higher in 
urban region than rural in Sylhet division.

2. 	 Our findings indicate the geographic variation of antibi-
otic resistance of E.coli is existed in Sylhet division.

3. 	 Azithromycin, Ciprofloxacin and Tetracycline are sensitive 
to E. coli in both rural & urban region in Sylhet.

4. 	 Ampicillin, Amoxicillin, Erythromycin and Penicillin are re-
sistant to E. coli in both rural & urban region in Sylhet.

5. 	 Cefotaxime, Chloramphenicol, Co-trimoxazole, Gentami-
cin, Doxycycline, Amikacin and Nalidixic acid are sensitive 
and resistant to E. coli in rural and urban area respectively 
in Sylhet division.

6. 	 The prevalence rate of antibiotic resistance associated 
factors is higher in rural area than urban area.

7. 	 The negative health outcomes related with antibiotic re-
sistance and its risk factors are relatively higher in urban 
than rural area. 
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