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Abstract  

 

A research was conducted to determine the anti-microbial susceptibility of some Escherichia coli isolates against 

common anti-microbial agents and Multi Drug Resistance (MDR) indices. The Escherichia coli isolates (n=51) obtained 

from cattle faeces and manure in abattoirs, cattle farms and livestock markets of Bauchi, Darazo and Katagum local 

governments of Bauchi state, Nigeria were screened for anti-microbial susceptibility against 12 common anti-microbial 

agents. The susceptibility test was carried on all the 51 isolates to determine their antibiotic resistant profiles using the 

disc diffusion method developed by Kirby – Bauer and standardized by the World Health organization (WHO), 

commercially available antimicrobial disks impregnated with the different antibiotics were then tested. The results 

revealed highest resistances of the isolates to Cephazolin (86.2%), followed by Sulfamethoxazole (82.4%) and 

Enrofloxacin (78.4%). The research also revealed that the highest level of susceptibility of the isolates to the 

antimicrobial agents was found against chloramphenicol (78.4%), followed by gentamycin and Imipenem with (68.6%) 

and Ceftriaxone (58.8%) respectively, the results further indicated 50(98%) of the isolates resistance to 3 or more of the 

antibiotics. All isolates showed Multi-drug resistance pattern (MDR), some among the isolates showed resistance against 

up to 8 antimicrobial agents belonging to 7 different groups of the antimicrobial agents. The MDR indices of E. coli 

strains indicated resistance against the antimicrobial agents at various levels of antibiotic groups.  

Keywords: Antimicrobial, susceptibility, Escherichia coli, Multi-drug, resistance, pattern. 

Copyright @ 2019: This is an open-access article distributed under the terms of the Creative Commons Attribution license which permits unrestricted 
use, distribution, and reproduction in any medium for non-commercial use (NonCommercial, or CC-BY-NC) provided the original author and source 

are credited. 

 

INTRODUCTION 

The development of antimicrobial resistance 

can be seen as a global problem in microbial ecology 

and is the best-known example of a rapid adaptation of 

bacteria to a new ecosystem [1]. Widespread use of 

these drugs led to the emergence of antibiotic resistance 

in many important pathogens [2]. This resistance 

contributes to higher rates of morbidity and, in the case 

of severe bacterial infections, therapeutic failure [3]. 

Degrees of antimicrobial susceptibility/resistance in 

clinical isolates are often defined in terms of the 

Minimum Inhibitory Concentration (MIC) of an 

antimicrobial compound required to prevent bacterial 

growth. Bacteria can be defined as being resistant to an 

antimicrobial compound, when its MIC is higher than 

its wild-type counterpart [4, 5]. This study is basically 

aimed to determine the anti-microbial susceptibility of 

the isolates obtained from cattle faeces and manure 

against common anti-microbial agents and their Multi 

Drug Resistance (MDR) indices. 

The global increase in antibiotic-resistant 

bacteria is of major concern and thus, antibiotic use for 

medical and agricultural applications is a major risk 

factor for the increased occurrence of resistant 

organisms [6,8]. Besides medical use in humans, there 

is the troubling issue of their use in agriculture, 

specifically in livestock production where antibiotics 

have long been regularly used not only for the treatment 

of infections, but also as a means of getting animals to 

market faster through growth promotion by adding 

feed-based antibiotics constantly. 

 

Antibiotics accumulate in the tissues of 

animals and hence, can be ingested by consumers 

whose own resident micro flora may become resistant 

[9]. Thereby serving as an important means of 

dissemination of resistance in humansas through the 

food chain [10]. Beta–lactamases target the peptidases 

of bacterial cell-wall biosynthetic process. Extended-

spectrum beta-lactamases (ESBLs) have evolved 
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through a series of substitutions of amino acids and 

provide resistance to third generation cephalosporins. 

ESBLs are produced by gram-negative bacteria and 

have been reported from many species [11]. 

 

Antibiotic resistance in pathogenic bacteria has 

been an increasing medical problem for decades [12]. 

Microbes may develop resistance to antibiotics under 

selective pressure, or they may acquire antibiotic 

resistance determinants without direct exposure to an 

antibiotic. Furthermore, acquired resistance 

determinants are spread among different species and 

even genera which include potential and obligate 

pathogens [12]. This is especially favored in settings 

that allow the close association of densely packed 

microorganisms such as the intestine of humans and 

animals [13]. Consequently, antimicrobial-resistant 

bacteria are selected for; thereby posing a serious public 

health threat in that antimicrobial treatment 

effectiveness may be reduced [14]. 

 

Certain management practices have shown 

evidence that antimicrobial drug residues in livestock 

effluent can contribute to elevated antimicrobial 

resistance (AMR) levels, it is important to improve our 

understanding of how current management systems 

may impact AMR transmission to the public. Pan-

microbial approaches enable access to this microbial 

resistance ecology and provide information on how 

livestock production practices influence the density and 

composition of antimicrobial resistance genes (ARGs) 

(i.e., the resistome) [15]. With this insight, practical 

mitigation strategies can be proposed to minimize the 

flow of ARGs into aquatic, terrestrial and atmospheric 

ecosystems. However, very little is currently known 

about the cattle production resistome. The few 

published studies are descriptive in nature, utilizing 

samples taken from a small number of non-commercial 

animals [16, 17].  

 

 

MATERIALS AND METHODS 

Antibiotic susceptibility test was carried on all 

the isolates to determine their antibiotic resistant 

profiles using the disc diffusion method developed by 

Kirby – Bauer [18] and standardized by the World 

Health organization (WHO) as modified by Sozmen et 

al., [19]. Commercially available antimicrobial disks 

impregnated with Imipenem (10μg), tetracycline 

(30μg), Sulfamethoxazole (23.75μg), ciprofloxacin 

(5μg), chloramphenicol (30μg), Amoxicillin / 

clavulanate (10+20µg) Ticarcillinclavulanate 

(75+10µg), gentamycin (10μg), Erythromycin (15µg), 

Enrofloxacin (5µg), Ceftriaxone (30µg) and Cefazolin 

(30µg) were obtained from Oxoid (UK).  

 

The antibiotic susceptibility test procedure 

consisted of inoculating the bacteria on tryptone soy 

broth and incubated at 37
o
C for 24hrs. The turbidity of 

the broth was adjusted to 0.5 McFarland standard and a 

sterile swab stick was eluted into the overnight culture 

broth and excess moisture was expressed by pressing 

the swab against the side of the tube and the surfaces of 

the Mueller – Hinton agar were swabbed completely 

and then turned at 90
o 

and the swabbing process was 

repeated until the entire circumference of the plate was 

covered. The media were allowed to dry for about 5 

mins before placing the antibiotic discs using antibiotic 

dispenser.  Then each disc was lightly touched with a 

sterile inoculating loop to make sure it was in good 

contact with the agar surface, and then incubated upside 

down at 37
o
C overnight. 

 

The result of the incubated of the culture with 

the anti-microbial discs was interpreted by using a 

transparent plastic metric ruler across the zone of 

inhibition (Z I), at the widest diameter to measure from 

edges of the zones in millimeters. In a situation where 

there was no zone at all, it was recorded as 0. A chart 

was used to report result on a table as sensitive, 

resistant or intermediate [20].  

 

Table-1: Antimicrobial susceptibility of E. coli isolates from cattle faeces and manure 

 

LGA 

 

Sample  

Type 

 

No. 

Isolates 

Antimicrobial agents 

Imipenem (IPM) 

(Disc content = 

10µg) 

Tetracyclines 

(TE) 

(Disc content = 

30µg) 

Sulfamethoxazole 

(SXT) 

(Disc content = 

23.75µg) 

Ciprofloxazole (CIP) 

(Disc content = 5µg) 

S 

≥23 

I 

20-

22 

R 

≤19 

S 

≥15 

I 

12-

14 

R 

≤11 

S 

≥16 

I 

11-

15 

R 

≤10 

S 

≥21(30) 

I 

16-

20 

R  

≤15(20) 

Bauchi Faeces 5 5  0 0 0 0 5 0 0  5 4 0 1 

Manure 0 _ _ _ _ _ _ _ _ _ _ _ _ 

Darazo Faeces 6 4 2 0 1 0   5 0 1 5 4 2 0 

Manure 0 _ _ _ _ _ _ _ _ _ _ _ _ 

Katagum Faeces 36 24 5 7 19 4 13 0 8 28 14 8 14 

Manure 4 1 1 2 3 0 1 0 0 4 1 3 0 

Total  51 _ _ _ _ _ _ _ _ _ _ _ _ 

Key: S =Sensitive, I=Intermediate, R=Resistance 
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RESULTS AND DISCUSSION 

Results 

The fifty-one (51) E. coli identified positive 

from faecal and manure samples were found to be 

2(4.2%) from the abattoirs, 22(45.8%) were from cattle 

farms while the remaining 24(50.0%) were from 

livestock markets. The 51 isolates that were found 

positive for E. coli were subjected to antibiotic 

susceptibility tests against 12 commonly used 

antimicrobial agents (Table 1-3). The results showed 

highest resistances of the isolates to Cephazolin 

(86.2%), followed by Sulfamethoxazole (82.4%) and 

Enrofloxacin (78.4%). It was also observed that the 

highest level of susceptibility of the isolates to the 

antimicrobial agents was found against 

chloramphenicol (78.4%), followed by gentamycin and 

Imipenem (68.6%) and Ceftriaxone (58.8%). 

 

Table-2: Antimicrobial susceptibility of E. coli isolates from cattle faeces and manure 

 

LGA 

 

Sample  

Type 

 

No. 

Isolates 

Antimicrobial agents 

Chloramphenicol 

(C) 

(Disc content = 

30µg) 

Amoxicillin 

clavulanate (AMC) 

(Disc content = 10 

+10µg+20µg) 

Ticarcillinclavulanate  

(TIM) 

(Disc content = 75 

+10µg) 

Gentamycin  

(CN) 

(Disc content + 

10µg) 

S 

≥18 

I 

13-

17 

R 

≤12 

S 

≥18 

I 

14-

17 

R 

≤13 

S 

≥20 

I 

15-19 

R 

≤14 

S 

≥15 

I 

13-

14 

R  

≤12 

Bauchi Faeces 5 4 1 0 1 3 1 2 1 2 5 0  0 

 Manure 0 - - - - - - - - - - - - 

Darazo Faeces 6 4 2 0 2 0 4 4 1 1 3 1 2 

 Manure 0 - - - - - - - - - - - - 

Katagum Faeces 36 29 4 3 13 10 13 15 11 10 25 4 7 

 Manure 4 3 0 1 0 2 2 2 1 1 2 1 1 

Total  51 - - - - - - - - - - - - 

Key: S =Sensitive, I=Intermediate, R=Resistance 

 

Table-3: Antimicrobial susceptibility of E. coli isolates from cattle faeces and manure 

 

LGA 

Sample  

Type 

No. 

Isolates 

Antimicrobial agents 

Erythromycin (E) 

(Disc content = 

50µg) 

Enrofloxacin  

(ENR) 

(Disc content = 

5µg) 

Ceftriaxone  (CRO) 

(Disc content = 

30µg) 

Cefazolin (KZ) 

(Dsc content = 

30µg) 

S 

≥18 

I 

13-

17 

R 

≤12 

S 

≥18 

I 

14-

17 

R 

≤13 

S 

≥20 

I 

15-

19 

R 

≤14 

S 

≥15 

I 

13-

14 

R  

≤12 

Bauchi Faeces 5 0 2 3 0 1 4 4 1 0 0 0     5  

Manure 0 - - - - - - - - - - - - 

Darazo Faeces 6 0 3 3 0 1 5 2 3 1 0 0 6 

Manure 0 - - - - - - - - - - - - 

Katagum Faeces 36 0 10 26 0 9 27 22 3 11 0 7 29 

Manure 4 0 1 3 0 0 4 2 1 1 0 0 4 

Total  51             

Key: S =Sensitive, I=Intermediate, R=Resistance 

 

The antibiotic susceptibility pattern of the 

isolates (from faecal and manure samples) were 

determined against twelve (12) antibiotics and the 

results showed chloramphenicol 40(78.4%) to have the 

highest susceptibility to the isolates followed by 

Gentamycin and Imipedin with 35(68.6%) each. The 

isolates tested were found not susceptible to four (4) of 

the antibiotics (Enrofloxacin, Cefazolin, Erythromycin 

and Sulfamethoxazole). With regards to resistance 

Cefazoline 44(86.2%) was found to show the highest 

resistance followed by sulfamethoxazole and 

Enrofloxacin with 42(82.4%) and 40(78.4%) 

respectively (Table-4 and Figure-1). 
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Table-4:  Antimicrobial susceptibility pattern of 51 E. coli isolates from cattle faeces and manure in Bauchi state, 

Nigeria 

 

Antibiotic tested  

Antimicrobial sensitivity pattern 

No. (%) Susceptible No. (%) Intermediate No. (%) Resistant 

Amoxicillin  clavulanate 16 (31.4) 14 (27.5) 21 (41.1) 

Cefazolin  0 (0.0) 7 (13.8) 44 (86.2) 

Ceftriaxone 30 (58.8) 8 (15.7) 13 (25.5) 

Chloramphenicol  40 (78.4) 7 (13.8) 4 (7.8) 

Ciprofloxacin 23 (45.0) 13 (25.5) 21 (29.5) 

Enrofloxacin 0 (0.0) 11 (21.6) 40 (78.4) 

Erythromycin 0 (0.0) 16 (31.4) 35 (68.6) 

Gentamicin 35 (68.6) 6 (11.8) 10 (19.6) 

Imipenem  35 (68.6) 8 (15.7) 8 (15.7) 

Tetracycline 23 (45.0) 4 (7.84) 24 (47.0) 

Ticarcillinclavulanate 23 (45.0) 14 (27.5) 14 (27.5) 

Sulfamethoxazole 0 (0.0) 9 (17.6) 42 (82.4) 

 

 
Fig-1: Percentage of Multiple Drug Resistance indices E .colifrom cattle faeces and manure 

 

All isolates showed Multi-drug resistance 

pattern (MDR). Some of the isolates showed resistance 

against up to 8 antimicrobial agents belonging to 7 

groups of antimicrobial agents (Table 5 and 6a). Out of 

the 51 E. coli isolates tested against 12 anti-microbial 

agents 3 sets of isolates were found to be resistant to 4 

different types of anti-microbial agents that belong to 4 

groups of antibiotics. And also another 3 sets of isolates 

showed resistance to 5 different antimicrobial agents 

that belong to 4 different groups of antibiotics. It was 

also observed that 2 other sets of isolates tested were 

resistant to 4 and 6 anti-microbial agents that belong to 

5 and 3 antibiotic groups respectively. While all other 

isolates indicated resistance to only one set of 

antimicrobial agents ranging from 2 – 8 that belongs to 

a range of 3 – 7 groups of antibiotics (Table 5 and  6). 
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Table-5:  Multi-drug resistance pattern of E. coli isolates 

Sample No. Anti-microbial agents showing  

resistance to E. coli isolates  

No of Antibiotics No. of Groups 

1, 27, 28 TE, SXT, ENR, KZ 4 4 

02 SXT, E, ENR, KZ, AMC 5 4 

03 TE, SXT, KZ  3 3 

04 TE, SXT, CIP, ENR, KZ, AMC, TIM 7 6 

5,6 TE, SXT, E, ENR, KZ  5 4 

07 TE, SXT, ENR, CRO, KZ, TIM 6 5 

08 IPM, E, CRO, KZ, AMC, TIM 6 4 

09 TE, C, SXT, E, CIP, ENR, KZ, AMC 8 7 

10, 33, 39 SXT, E, CIP, ENR, KZ 5 4 

11 SXT, E, CRO, KZ,  4 3 

12 SXT, E, KZ, TIM 4 4 

13 TE, E, ENR, CRO, CN, KZ, AMC 7 4 

14 E, ENR, CRO, KZ, AMC 5 3 

15 IPM, SXT, ENR, CN, KZ, TIM 6 5 

16, 17 TE, SXT, E, ENR, KZ, TIM 6 5 

18 TE, SXT, E, ENR, KZ, AMC 6 5 

19 SXT, E, CRO, KZ, AMC 5 4 

20 TE, C, E, ENR, CRO, KZ, AMC 7 5 

21 C, SXT, ENR, KZ, AMC 5 5 

22 SXT, E, CRO, KZ, AMC 5 4 

23 SXT, E, CIP, ENR, CRO, CN, KZ,  7 4 

24 TE, SXT, E, ENR, CN, KZ, AMC 7 5 

 

Table-6:  Multi-drug resistance pattern of E. coli isolates 

Sample No. Anti-microbial agents Resistance to E. coli isolates  No of Antibiotics No. of Groups 

29 TE, ENR, KZ, AMC 4 4 

30 SXT, E, CIP  3 3 

31 TE, SXT, E, CN, KZ  5 4 

32 SXT, E, ENR, CN, KZ 5 3 

34 SXT, CIP, ENR, CN, KZ, TIM 6 5 

35 SXT, ENR, TIM 3 3 

36, 37 SXT, E, ENR, TIM  4 3 

38 TE, E, CIP, ENR, KZ,  5 4 

40 IPM, TE, C, SXT, ENR, CRO, KZ, TIM 8 7 

41 TE, SXT, E, CIP, CRO, KZ, AMC 7 6 

42 SXT, ENR, CRO, KZ 4 3 

43 ENR, KZ,  2 2 

44 TE, SXT, E, ENR, CRO, KZ,  6 4 

45 SXT, E, CIP, CN, KZ,  5 4 

46 SXT, CIP, ENR, KZ, AMC, TIM 6 5 

47 IPM, TE, E, CIP, ENR, CN, AMC 7 5 

48 IPM, TE, SXT, E, CIP, ENR, KZ, AMC 8 7 

49 IPM, E, CIP, KZ,  4 4 

50 IPM, SXT, E, ENR, KZ, AMC 6 5 

51 IPM, SXT, ENR, AMC 4 4 

25 TE, SXT, ENR, CN, KZ, AMC 6 5 

26 TE, SXT, E, ENR, KZ 5 4 

 

Furthermore, the results indicated that of the 

51 isolates, 50(98%) were resistant to 3 or more of the 

antibiotics. The results further showed that 3(5.9%) of 

the isolates were resistant to 8(66.7%) of the 

antimicrobial agents used in the study, while 7(13.7%) 

others were resistant to 7(58.3%) different antimicrobial 

agents and 11(21.6%) of the isolates indicated 

resistance to 6(50%) antimicrobial agents. Also only 

4(7.8%) of the isolates showed a resistance to less than 

4(33.3%) of the antimicrobial agents (Table-7).  
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Table-7:  Multiple drug resistance indices (MDR) of E. coli isolated from cattle faeces and manure in selected 

Local Government Areas of Bauchi State, Nigeria 

No. of E. coli 

isolates tested 

% of Isolates resistance to the drugs tested MDR Index 

1 1.9 0.1 

4 7.8 0.2 

9 17.6 0.3 

16 31.4 0.4 

11 21.6 0.5 

7 13.7 0.6 

3 5.9 0.7 

51 100  

 

Discussion 

Results of the antibiotic susceptibility testing 

for E. coli isolates indicated many of the isolates 

showing resistant to commonly used antimicrobial 

agents and this is an indication of higher risk of urinary 

tract infections (UTI) and possibly increased hemolytic 

uremic syndrome (HUS) in individuals especially those 

associated with the use of manure as stated by Christy 

et al., [21] that pathogenic bacteria population of public 

health and environmental significance needs to be 

controlled by a combination of two or more methods 

depending on the feasibility and economic viability of 

the farm. It was also observed that antimicrobial agents 

were available and accessible to the public even at 

remote areas and being indiscriminately used, the 

results also indicated no control of prescription for 

drugs hawked and are also being openly used and that 

situation is cautioned by the WHO [22], document that 

the current practice of indiscriminate use of antibiotics 

is increasingly leading to resistance to medicines, 

persistence of infections and treatment failure.  

 

Some of the factors observed to facilitate the 

above situations include patent chemist shops operated 

by non-qualified personnel as stated by the WHO [23] 

that the increasing use of antibiotics has resulted in the 

development of resistant microorganisms which are 

causing diseases in the community and hospitals. Poor 

environmental health due to open gutters was also seen 

around the study areas. The MDR patterns of E. coli 

O157:H7 for this research is similar to one obtained in a 

recent work conducted in Zaria by Igwe et al., [24] 

where they evaluated phenotypic virulent characters of 

the organism that contributes to the expression of MDR 

properties of E. coli. Their work showed E. coli to be 

largely resistant to tetracycline, sulfonamide etc. and 

have also observed a similar MDR pattern obtained in 

this research with a significant number 51(59.3%) of 

the E. coli resistant to 4 and above antibiotics tested in 

their work. 

 

The MDR pattern of E. coli is of concern as 

shown in this research work and as in a similar research 

carried out in Lagos by Adenipekun et al., [25] which 

showed that the emergence of MAR of two (2) or more 

antimicrobials encountered in the treatment of infected 

patient with UTI. The studies demonstrated circulating 

MDR E. coli in Nigerian community and suggested 

monitoring of it as to be of paramount importance. The 

result also found that a similar research indicates food 

producing animals in Nigeria as a reservoir of MDR E. 

coli that may be transferred from animals to humans via 

the food chain. The MAR index of 0.2 observed in this 

research i.e. 98% of the E. coli isolates have multiple 

resistance to 3 or more of the antimicrobial agents used, 

the results clearly showed an indiscriminate use of 

different classes of the antimicrobials which is an 

indication of lack of control or monitoring of use of 

such antibiotics in the prevention or treatment of 

animals or as growth promoters in some instances. This 

is as indicated in a research by Alien, et al., [26] who 

stated that the indiscriminate use of antibiotics in 

animal husbandry should be discouraged because of the 

resistant pathogens that can be transmitted to humans 

through consumption of foods harvouring such 

pathogens.   

 

Of great importance and concern to this 

research is the MAR Index of 98% recorded especially 

when compared to MAR Index of 96.4% recorded by 

Umaru et al., [27] in a separate research carried out in 

Zaria, the value shows a slight increase in the MAR 

index despite the variation in samples and location 

where the research was carried out. This situation 

actually calls for enforcement of control measures 

against the indiscriminate use of antibiotics by farmers 

in the treatment of their animals. 

 

The resistance patterns of the 51 E. coli 

isolates showed all (except one) were resistant (98%) to 

three antibiotics or more, with highest resistance 

recorded on Cefazolin (86.2%), Sulfamethoxazole 

(82.4%), Enrofloxacin (78.4%) and Erythromycin 

(68.6%) this result is similar though with slightly lower 

MAR Index than what was obtained by Avijit et al., 

[28] in Khulshi Bangladesh with 100% MAR index for 

the E. coli isolates to the antimicrobial agents tested. 

And this research also indicated an upward increase 

trend of antimicrobial resistance in pathogens which 

was as predicted by Tadesse et al., [29]. Also, the 

antimicrobial resistance pattern showed by the isolates 

in this research is similar to what has been obtained by 

Bello et al., [30] and therefore serves as an indication 

that adequate measure need be taken to regulate drug 
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use in both humans and animals in order to minimize 

the risk of increasing antimicrobial resistance.  

 

The high MAR and the multi-drug resistance 

pattern observed in this research work is alarming 

especially considering the fact that drugs that are not 

known to be used for the treatment of animals in the 

study area were found to show resistance. The above 

phenomenon may be attributed to horizontal gene 

transfer especially considering the fact that this same 

research has detected antimicrobial resistance genes in 

some of the isolates showing these MAR, and could be 

linked to what has been stated by Igwe et al., [31] that it 

is imperative to checkmate the rate at which over the 

counter drugs are sold and antibiotic misused in animal 

feeds, as it will play a key role in decreasing the 

emergence of resistance bacteria trains within our 

environment.  

 

Moreover, the higher susceptibility indicated 

by some of the E. coli isolates to Chloramphenicol 

(78.4%), Gentamycin (68.6%), Imipenem (68.6%) and 

Ceftriaxone (58.8%) give some respite that few 

common antimicrobial agents among the commonly 

used ones in the study area have showed high level of 

susceptibility and this is in line with the statement by 

Alonso et al., [32] that rapid increase in the rate of 

antimicrobial resistance (AMR) reinforced by some 

opposite tendency in development of new active drugs 

may no longer be a health threats as recognized by 

World Health organization (WHO). 

 

CONCLUSION 

All the 51 isolates that were tested for 

antimicrobial susceptibility for this research work 

showed that 2(4.2%) were from the abattoirs, 

22(45.8%) from the CF while 24(50.0%) from the LM. 

And that all the isolates tested for susceptibility showed 

MDR with some isolates showing resistance to up to 8 

antimicrobial agents belonging to 7 groups of 

antimicrobial agents. The MAR index of 0.2 observed 

for this research work i.e. 98% of the E. coli isolates 

have multiple resistance to 3 or more of the 

antimicrobial agents used. 

 

Government should enforce laws preventing 

the indiscriminate and unauthorized use of drugs for 

treatment and prevention of animal. Relevant agencies 

should collaborate to organize stakeholders’ meetings 

on ways to curtail the abuse and unauthorized use of 

antibiotics. Clinicians should avoid or minimize 

unnecessary use of multiple antibiotics in the treatment 

of clinical disease conditions 
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