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ABSTRACT: With the increasing use of antibiotics and widespread of antibiotics resistance which 

has been amplified by the production of ESBLs in clinical isolates; the study was to determine the 

multidrug resistance Profile and Extended-spectrum Beta-lactamase production in faecal 

Escherichia coli isolated from HIV and TB Patients in Ekiti-State, Nigeria. Three hundred isolates of 

E. coli were obtained from the stool samples of HIV/AIDS patients, TB patients and apparently 

healthy individuals. The sample was cultured on Eosin-Methylene Blue (EMB) agar plate and 

incubated at 37ºC for 24 hours. The colony showing greenish metallic sheen was identified using the 

conventional biochemical. Antimicrobial susceptibility testing was performed by Kirby-Bauer disc 

diffusion technique. Bacteria showing resistance to at least three different classes of antibiotics were 

considered multidrug resistant (MDR). Extended spectrum beta-lactamase production was detected 

by combined disc method using ceftriaxone/cefotaxime and Amoxicillin/clavulanic acid discs.A total 

of 141(47%) males and 159(53%) female patients were involved in the study. Based on the age 

distribution, age group 30-39(n=80) has the highest percentage while age group 60 and above (29) 

has the lowest participation among the age groups. E. coli isolated from HIV/TB co-infected reveals 

40(80%), 26(52%), 21(42%) and 37(82%) resistant to SXT, AMC, SAM and AZM respectively while 

24(48%), 36(72%), 23(46%) and 26(52%) of E. coli isolated from HIV patients on treatment were 

resistant to SXT, AMC, SAM and AZM. Tuberculosis patients on anti- TB treatment had 45(90%), 

34(68%), 36(72%) and 44(88%) of the isolates resistant to SXT, AMC, SAM and AZM respectively 

while E. coli isolated from newly diagnosed HIV patients were 31(62%), 29(58%), 15(30%) and 

27(54%) of the E. coli were resistant to SXT, AMC, SAM and AZM. Similarly, 33(66%), 36(72%), 

15(30%) and 39(78%) of the isolated E. coli from newly diagnosed TB patients showed resistance to 

SXT, AMC, SAM and AZM respectively. Among the 148 multiple antibiotic resistant E. coli isolates 

38 (23.75%) were found to be Extended β-lactamase (EBLS) positive with majority of the positive 

EBSL E. coli isolate from TB and TB associated patients. The increase in the prevalence of ESBL 

among faecal E. coli, an indicator organism for enteric pathogens, however, express the urgent need 

for serious antibiotics stewardship and control among clinicians and other health personnel 

especially in developing and under developed countries for proper management of the immune-

impaired individuals.  

 

KEYWORD: E. coli, HIV/AIDS, TB, extended-spectrum beta-lactamase (ESBL) 
 

 

 

INTRODUCTION 

 

Antibiotic resistance is a major global public health concern (49; 40), particularly with the emergence 

and dissemination of antimicrobial resistance in bacteria which is well documented (39; 11). Diseases 
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caused by E. coli often require antimicrobial therapy; however, antibiotic resistant strains of E. coli 

have shown more harmful tendencies than their antibiotic susceptible counterparts. Several studies 

have shown sharp increase in the antibiotic resistance in E. coli more especially in E. coli O157:H7 

over time (22; 29) 

 
Bacteria have an amazing genetic flexibility that allows them to respond to a wide range of 

environmental threats, including the presence of antibiotic molecules that may put their existence in 

serious jeopardy. However, bacteria uses two major genetic strategies to resist antibiotic attack; 

Mutations in gene(s) often associated with the mechanism of action of the compound, and acquisition 

of foreign DNA coding for resistance determinants through horizontal gene transfer (45; 30; 5). The 

defence mechanisms within the category of antibiotic inactivation include the production of enzymes 

that degrade or modify the drug itself, and biochemical strategies which includes; hydrolysis, group 

transfer, and redox mechanisms (42). Several enzymes are known to destroy antibiotic activity by 

targeting and cleaving these bonds. These enzymes can often be excreted by the bacteria, inactivating 

antibiotics before they reach their target within the bacteria (47). One of the main mechanisms of 

resistance to antibacterial agents is the production of β-lactamase enzymes. In most cases, β-

lactamase causes bacteria to get resistant to broad spectrum antibiotics like fluoroquinolones, 

aminoglycosides, trimethoprim and cephalosporin (38; 19; 30). 
 

There is no general definition of ESBLs. A frequently used definition is that, ESBLs are β-lactamases 

capable of causing bacterial resistance to the penicillins; first-, second- and third-generation 

cephalosporins; and aztreonam (except cephamycins or carbapenems) by hydrolysis of these 

antibiotics, and which are inhibited by β-lactamase inhibitors such as clavulanic acid (35). 

Escherichia coli and many Gram-negative and Gram-positive bacteria produce β-lactamase enzymes 

and more than 200 different β-lactamases have been identified (13). β -Lactamases are classified into 

four groups on the basis of functional characteristics, including preferred antibiotic substrate. Clinical 

isolates often produce β -lactamases belonging to different functional groups (13). They can be both 

chromosomal and plasmid-encoded β-lactamases which can be transferred from different bacteria 

(28). These antibiotics have a common element in their molecular structure (a four atom ring known 

as a β-lactam). The lactamase enzyme breaks that ring open, deactivating the molecule's antibacterial 

properties. β-Lactamase is an enzyme comprised of short chains of amino acids. Its most promising 

use is as a catalyst for the hydrolysis and aminolysis of depsipeptides. Extended-spectrum β-

lactamases (ESBLs) mediate resistance to all penicillins, third generation cephalosporins (e.g. 

ceftazidime, cefotaxime, ceftriaxone) and aztreonam, but not cephamycins (cefoxitin and cefotetan), 

carbapenems and quinolones. ESBLs are very diverse; more than 180 different ESBLs have been 

identified. Strains producing ESBL are commonly resistant but their resistance depends not on 

multiple resistance plasmids but on mutations in gyrA and parC genes, such strains are found among 

E. coli (25). 

 
Extended-spectrum-beta-lactamases (ESBLs) are plasmid-mediated beta-lactamase of predominantly 

Bush class A, so far described only in gram negative bacilli (16). Extended-Spectrum-Beta-

Lactamases are capable of efficiently hydrolyzing penicillin, narrow spectrum cephalosporins 

(cefotaxime, ceftazidine) and monobactams (aztreonam). Beta-Lactamase, inhibitors (clavulanic acid, 

sulbactam and tazobactam) generally inhibits ESBLs-producing strain (31). Mostly ESBLs are 

mutant of TEM-1, TEM-2 and SHV-1, to date none has been described that is able to hydrolyze 

cephamycin or carbapenems (imipenem, meropenem) (16). In addition to Escherichia coli, resistance 

to the extended spectrum cephalosporin has also been noted in Klebsiella pneumoniae (44). 

Extended-Spectrum-Beta-Lactamase antibiotics such as third generation cephalosporin (3GC) form 



European Journal of Biology and Medical Science Research 

  Vol.7, No.4, pp.10-21, October 2019 

              Published by ECRTD- UK  

                                                                              Print ISSN: ISSN 2053-406X, Online ISSN: ISSN 2053-4078 

12 
 

the major component of the empiric antibacterial chemotherapy in most clinical set ups and 

especially in tertiary care centers (7). Extensive use of third generation cephalosporins has 

contributed to the evolution of ESBL producing strains in bacteria (7). Extended- Spectrum-Beta-

Lactamase also occurs predominantly in other organisms including Salmonella spp., Pseudomonas 

aeruginosa and other Enterobacteriaceae (44). 
 
MATERIALS AND METHODS 

 

A total of 300 samples were collected from HIV/AIDS, Tuberculosis (TB) and HIV/AIDS/TB co-

infected patients on standard treatment regimen and normal individual without any underline disease 

or infection, attending clinics at Tertiary Hospitals in Ekiti State. To determine the antibiotics profile 

and Extended-spectrum Beta-lactamase production among  HIV/AIDS patients on treatment, 

HIV/AIDS patients not on treatment, HIV/TB co-infected patients, TB patients on treatment, TB 

patients not on treatment and apparently healthy individuals , Sensitivity study was done using E. coli 

strains from stool sample collected from new TB cases, TB patients on standard Anti-TB treatment, 

New HIV cases, HIV patients on treatment regimen and TB/HIV negative individuals. 
 

Culturing and Identification of Colonies 

The stool sample was initially cultured on MacConkey agar (OXOID) plate and incubated at 37ºC 

overnight. Suspected E. coli strains were sub-cultured and purified on EMB agar plate. 

Representative colonies of the bacterial that showed the characteristic black metallic chin coloration 

was selected Gram stained and identified through strings of conventional biochemical reactions. 
  

Antibiotics Susceptibility 

Antimicrobial susceptibility testing was performed by Kirby-Bauer disc diffusion technique. 

Extended spectrum beta-lactamase production was detected by combined disc method using 

ceftazidime and ceftazidime/clavulanic acid discs and cefotaxime and cefotaxime/clavulanic acid 

discs (10). Inoculated plates were incubated overnight at 37°C for 18–24 hours, after which 

antibiotics sensitivity of the E. coli were tested using the following antibiotics disk; CIP = 

Ciprofloxacin (5 µg), MEM = Meropenem (10 µg), AZM = Azithromycin (15 µg), CRO= 

Ceftriaxone (30 µg), AMC = Amocicyllin/Cluvanic acid (20/10 µg), SXT = Sulfamethoxazole (25 

μg), FEP = Cefepime (30 µg), SAM = Ampicilin/Sulbactam (10/10 µg), CXM= Cefuroxime (30 µg) 
 

Determination of Multiple Antibiotic Resistance Index (MARI) 
The frequency of multiple antibiotic resistance (MAR) has been defined as joint resistance of E. coli 

isolates to more than two antibiotics (32). Bacteria showing resistance to at least three different 

classes of antibiotics were considered multidrug resistant (MDR).The multiple antibiotic resistances 

(MAR) index was determined for each isolate as shown in the equation below. MAR index is the 

number of antibiotic(s) to which the organism is resistant divided by the total number of antibiotics 

tested (2). 
MARI = Number of Antibiotic (s) to which isolate was resistant 
Total number of antibiotics tested 

 

Detection of Extended Spectrum Beta Lactamases (ESBL) 

The isolates with multiple resistance to cephalosporins were screened for possible ESBL production 

using ceftazidime (30 μg) and cefotaxime (30 μg). According to the CLSI guidelines, the isolates 

showing reduced susceptibility to at least one of these drugs with zone of inhibition for ceftazidime 

≤ 22 mm and cefotaxime ≤ 27 mm were considered as the possible ESBL producing strains. The  
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suspected ESBL producing strains were confirmed for ESBL production by combined disc assay 

using ceftazidime (30  μg) and ceftazidime/clavulanic acid (30/10  μg) discs and cefotaxime (30  μg) 

and cefotaxime/clavulanic acid discs (30/10 μg). The zones of inhibition for the ceftazidime and 

cefotaxime discs were compared to those of the ceftazidime/clavulanic acid and 

cefotaxime/clavulanic acid discs. An increase in zone diameter of ≥ 5 mm in the presence of 

clavulanic acid was confirmed as positive for ESBL production (10). Bacteria showing resistance to 

at least three different classes of antibiotics were considered multidrug resistant (27). 

 

Statistical Analysis. 

Data obtain from the research was analysed statistically using Anova and chi square of the SPSS 

(Statistical Procedure for Social Science). 

 

RESULT 

 

A total of 360 stool samples were obtained from interested patients and individuals among which 40 

samples were rejected and 20 samples did not yield any growth. 300 isolates of E. coli were obtained 

from the stool samples of diarrhoeic and non-diarrhoeic HIV/AIDS patients on treatment (n=50), 

HIV/AIDS patients not on treatment (n=50), HIV/TB Co- Infected patients (n=50), TB patients on 

treatment (n=50), TB patients not on treatment (n=50) and individuals (n=50) (non- reactive HIV and 

smear negative TB) who were attending clinics at major tertiary Hospitals in Ekiti State, Nigeria. The 

source distribution revealed a total of 141(47%) males and 159(53%) female patients were involved 

in the study. Source distribution of the isolates based on the Age of the patients with highest 

percentage participation among the group of 30-39(n=80) followed by the ≥ 30 group. 
 

 

Table 1: Age distribution of the sources of the E. coli isolates   
Age 

Groups 

                                                     Category of Subject 

CI (%) 

n=50 

HD (%) 

n=50 

TD (%) 

n=50 

H (%) 

n=50 

T (%) 

n=50 

NI (%) 

n=50 

 

<30 

 

7(14.0) 

 

13(26.0) 

 

12(24.0) 

 

3(6.0) 

 

11(22.0) 

 

30(60.0) 

 

30-39 

 

 

14(28.0) 

 

8(16.0) 

 

10(20.0) 

 

19(38.0) 

 

15(30.0) 

 

14(28.0) 

 

40-49 

 

 

14(28.0) 

 

13(26.0) 

 

10(20.0) 

 

16(32.0) 

 

12(24.0) 

 

4(8.0) 

 

50-59 

 

 

11(22.0) 

 

9(18.0) 

 

9(18.0) 

 

7(14.0) 

 

6(12.0) 

 

1(2.0) 

 

60 and  

above 

 

 

4(8.0) 

 

7(14.0) 

 

9(18.0) 

 

5(10.0) 

 

6(12.0) 

 

1(2.0) 

KEY: Co-infected patients =CI; HIV/AIDS patients on treatment = HD; Tuberculosis (TB) 

patients on treatment = TD; HIV/AIDS patients not yet on treatment regimen = H; 

Tuberculosis (TB) patients not yet on treatment = T; Normal Individuals (Control) = NI 
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Table 2: Antibiotics sensitivity of the E. coli isolates   
 

 

 

Antibiotics 

                                                     Category of Subject 

CI (%) 

n=50 

HD (%) 

n=50 

TD (%) 

n=50 

H (%) 

n=50 

T (%) 

n=50 

NI (%) 

n=50 

 

SAM 

 

21(42.0) 

 

23(46.0) 

 

36(72) 

 

15(30.0) 

 

15(30.0) 

 

3(6.0) 

 

CIP 

 

 

7(14.0) 

 

1(2.0) 

 

5(10.0) 

 

5(10.0) 

 

2(4.0) 

 

1(2.0) 

 

AZM 

 

 

35(70.0) 

 

26(52.0) 

 

44(88.0) 

 

27(54.0) 

 

39(78.0) 

 

14(28.0) 

 

AMC 

 

 

26(52.0) 

 

36(72.0) 

 

34(68.0) 

 

29(58.0) 

 

36(72.0) 

 

10(20.0) 

 

FEP 

 

0(0.0) 

 

3(6.0) 

 

2(4.0) 

 

4(8.0) 

 

2(4.0) 

 

0(0.0) 

 

MEM 

 

0(0.0) 

 

0(0.0) 

 

0(0) 

 

0(0.0) 

 

0(0.0) 

 

0(0.0) 

 

CRO 

 

 

10(20.0) 

 

6(12.0) 

 

12(24) 

 

8(16.0) 

 

16(32) 

 

0(0.0) 

 

CXM 

 

0(0.0) 

 

1(2.0.0) 

 

0(0.0) 

 

5(10.0) 

 

4(8.0) 

 

0(0.0) 

 

SXT 40(80.0) 24(48.0) 45(90.0) 31(62.0) 33(66.0) 15(30.0) 

KEY: Co-infected patients =CI; HIV/AIDS patients on treatment = HD; Tuberculosis (TB) 

patients on treatment = TD; HIV/AIDS patients not yet on treatment regimen = H; 

Tuberculosis (TB) patients not yet on treatment = T; Normal Individuals (Control) = NI 

CIP=Ciprofloxacin (5 µg); MEM = Meropenem (10 µg); AZM = Azithromycin (15 µg); CRO = 

Ceftriaxone (30 µg); AMC = Amoxicillin/Clavulanic acid (20/10 µg), SXT = Sulfamethoxazole 

(25 μg); FEP=Cefepime (30 µg); SAM = Ampicillin/Sulbactam (10/10 µg); CXM = Cefuroxime 

(30µg) 

 

 

 Multiple Antibiotic Resistance Index 

 
The multiple antibiotic resistance (MAR) indices obtained from this study as shown in Table 2 were 

0.1, 0.2, 0.3, 0.4, 0.5 and 0.6 respectively.Table 2 indicates the multiple antibiotic resistance of the 

isolated E. coli to different classes of antibiotics, 10% of the isolates were resistant to a single class 

of antibiotics > 82(27.33%) were resistant to two classes of antibiotics, 72(24%) of the isolates were 

resistant to three classes of antibiotics while 54(18%) of the isolates were resistant to four classes of 

antibiotics, 18(6%) of the isolates were resistant to five classes of antibiotics and 2(0.7%) of the 

isolates were resistant to 6 classes of antibiotics and at this level, there is a significant level of misuse 

of these antibiotics. In Nigeria, even prescription drugs can readily be obtained over the counter 

without prescription from a clinician. Antibiotics is said to be abused if the MAR Index is ≥0.2 in a 
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particular environment which can add to the increase of drug resistance worldwide (46); hence, 

threatening the ability to effectively treat patients. E. coli isolated from HIV/TB co-infected reveals 

40(80%), 26(52%), 21(42%) and 37(82%) resistant to SXT, AMC, SAM and AZM respectively 

while 24(48%), 36(72%), 23(46%) and 26(52%) of E. coli isolated from HIV patients on treatment 

were resistant to SXT, AMC, SAM and AZM. Tuberculosis patients on anti- TB treatment had 

45(90%), 34(68%), 36(72%) and 44(88%) of the isolates resistant to SXT, AMC, SAM and AZM 

respectively while E. coli isolated from newly diagnosed HIV patients were 31(62%), 29(58%), 

15(30%) and 27(54%) of the E. coli were resistant to SXT, AMC, SAM and AZM. Similarly, 

33(66%), 36(72%), 15(30%) and 39(78%) of the isolated E. coli from newly diagnosed TB patients 

show resistance SXT, AMC, SAM and AZM respectively. Ciprofloxacin, cefuroxime, ceftriaxone 

and Cefepime showed reasonable sensitivity to the E.coli isolate while Meropenem was sensitive to 

all the isolates. 
 

Table 3: Frequency of multiple antibiotic resistance (MAR) and multiple antibiotic resistance 

indices of E.coli isolates from HIV/AIDS and TB patients in Ekiti State, Nigeria. 
 

S/N Resistance pattern Antibiotic 

classes 
Numbers   MAR Index  

1    SAM, 1 11 0.1 

2    SXT, 1 10 0.1 

3    AMC 1 8 0.1 

4    AZM 1 12 0.1 

5  AZM, AMC 2 15 0.2 

6 AZM, SXT 2 20 0.2 

7 SXT, SAM 2 9 0.2 

8 AMC, SXT 2 12 0.2 

9 AMC, SAM 2 3 0.2 

10 AZM, SAM 2 6 0.2 

11 CRO, SAM 2 1 0.2 

12 CRO, AMC 2 2 0.2 

13 AMC, CXM 2 5 0.2 

14 AMC, CRO 2 1 0.2 

15 CRO, SXT 2 1 0.2 

16 MEM, FEP 2 1 0.2 

17 AMC,SXT,SAM 3 12 0.3 

18 AZM,AMC,SAM 3 16 0.3 

19 AZM,AMC,SXT 3 23 0.3 

20 AMC,CXM,SXT 3 2 0.3 

21 CIP,AMC,SAM 3 1 0.3 

22 AMC,FEP,CRO 3 1 0.3 

23 AZM,FEP,SXT 3 2 0.3 

24 CRO,SXT,SAM 3 1 0.3 

25 AZM,SXT,SAM 3 9 0.3 

26 AZM,AMC,CXM 3 2 0.3 

27 AZM,AMC,CRO 3 2 0.3 

28 AZM,FEP,SAM 3 1 0.3 

29 FEP,SXT,SAM 3 1 0.3 

30 CIP,AZM,AMC 3 3 0.3 
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31 AZM,CXM,SXT 3 1 0.3 

32 AZM,CRO,SXT 3 1 0.3 

33 AZM,AMC,SXT,SAM 4 23 0.4 
34 CIP,AZM,SXT,SAM 4 1 0.4 

35 AZM,FEP,SXT,SAM 4 4 0.4 

36 AMC,CRO,SXT,SAM 4 1 0.4 

37 AMC,FEP,SXT,SAM 4 1 0.4 
38 AZM,AMC,CRO,SAM 4 2 0.4 

39 AZM,AMC,CXM,SXT 4 2 0.4 
40 CIP,AZM,AMC,SXT 4 9 0.4 

41 AZM,FEP,CRO,SXT 4 1 0.4 

42 AZM,AMC,FEP,CXM 4 1 0.4 

 43 AMC,FEP,CRO,SXT 4 1 0.4 
44 AZM,MEM.SXT,SAM 4 1 0.4 

45 AMC,FEP,SXT,SAM 4 1 0.4 

46 AZM,CRO,SXT,SAM 4 1 0.4 

47 AZM,AMC,FEP,SXT 4 1 0.4 
48 AZM,AMC,CRO,SXT 4 1 0.4 

49 AZM,CRO,SXT,SAM 4 1 0.4 

50 AZM,FEP,CXM,SAM 4 1 0.4 

51 AZM,AMC,CRO,SXT,SAM 5 3 0.5 

52 AZM,AMC,CXM,SXT,SAM 5 2 0.5 

53 CIP,AMC,CRO,SXT,SAM 5 4 0.5 

54 AZM,AMC,FEP,SXT,SAM 5 2 0.5 

55 CIP,AZM,AMC,SXT,SAM 5 3 0.5 

56 CIP,AZM,FEP,SXT,SAM 5 1 0.5 

57 CIP,AZM,AMC,CXM,SXT,SAM 6 1 0.6 

58 AZM,AMC,FEP,CXM,SXT,SAM 6 1 0.6 

Key: CIP=Ciprofloxacin (5 µg); MEM = Meropenem (10 µg); AZM = Azithromycin (15 µg); 

CRO = Ceftriaxone (30 µg); AMC = Amoxicillin/Clavulanic acid (20/10 µg), SXT = 

Sulfamethoxazole (25 μg); FEP=Cefepime (30 µg); SAM = Ampicillin/Sulbactam (10/10 µg); 

CXM = Cefuroxime (30µg)  
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Figure 1. Prevalence of Extended Spectrum Beta Lactamases (ESBL) 
The above figure shows the frequency of positive ESBL producing isolates from all the groups. This 

revealed that majority (29 of 38) of the ESBL producing isolates are from TB and TB associated 

groups with five ESBL producing isolates were from HIV/AIDS patient that are on treatment, and 

three ESBL producing isolates were isolated from newly diagnosed HIV patients while none of the 

isolates from normal individuals is positive to ESBL production Among the 148 multiple antibiotic 

resistant E. coli isolates 38 (23.75%) were found to be Extended β-lactamase (EBLS) positive with 

majority of the positive EBSL E. coli isolate from TB and TB associated patients while 122 (76.25%) 

were found to be Extended β-lactamase (EBLS) negative. This high prevalence of ESBL positive 

isolates is in line with the studies conducted in Kano on the prevalence of Extended Spectrum Beta 

Lactamases (ESBL) Producing Escherichia coli and Klebsiella pneumoniae in Tuberculosis patients 

in Kano and another study done in Lagos, both in Nigeria. They got the overall prevalence of ESBL 

among tuberculosis patient to as 37.1% and 20% respectively (1, 52).  

 

The increase in the prevalence of ESBL among faecal E. coli, an indicator organism for enteric 

pathogens, however, express the urgent need for serious antibiotics stewardship and control among 

clinicians and other health personnel  especially in developing and under developed countries for 

proper management of the immune-impaired individuals. As a result, ESBL-producing organisms 

pose a major problem for clinical case management. The multidrug resistance profiling of the E. coli 

isolates showed a high prevalence of resistance to most of the commonly used antibiotics. A possible 

pressure imposed by the use of these antibiotics in human medicine for prophylaxis or case 

management, is a major factor in antimicrobial resistance in E. coli. This however calls for a need to 

enact and enforce  laws  to  limit  the  prescription  and  dispensing  of  antibiotics  to  only  qualified 

professionals. Also vigorous  and continuous education  of  the  public  on  the  dangers  of  reckless  

use  and purchase of  antibiotics is  also very important.  

 
 

CONCLUSION 

 

This work reveals that faecal E. coli, an indicator organism for enteric pathogens, rapidly develops 

resistance to different classes of antibiotics with an increase in the prevalence of ESBL among faecal 

E. coli   increase in the production of ESBL most especially among tuberculosis patients studied. 

This raises the fear of rapid spread of antibiotic resistance strains in hospital and communities. The 

reliance on common antibiotics especially the third generation cephalosporins in treating infections 

caused by ESBL producers may result in treatment failure and thus leading to economic stress and 

further complicate the health condition of immuno-compromised HIV and TB patients. 

 

It is therefore recommended that adequate attention and routine screening for ESBL should be carry 

out in all hospital laboratories to prevent its rapid spread among patients in the in the hospital 

community. Similarly, urgent need for serious antibiotics stewardship and control among clinicians 

and other health personnel especially in developing and under developed countries for proper 

management of the immune-impaired individuals.  

 

 

 

 

 

 



European Journal of Biology and Medical Science Research 

  Vol.7, No.4, pp.10-21, October 2019 

              Published by ECRTD- UK  

                                                                              Print ISSN: ISSN 2053-406X, Online ISSN: ISSN 2053-4078 

18 
 

REFERENCES 

 

1. Aibinu, I., Odugbemi, P.  and Brian,  J.M.  (2003).Extended-spectrum β-lactamase in isolates of 

Klebsiella spp and Escherichia coli from Lagos. Nigerian Journal of Health and Biomedical 

science, 2: 53-60  

2. Akinjogunla, O.J. and I.O. Enabulele, 2010. Virulence factors, plasmid profiling and curing 

analysis of multi-drug resistant Staphylococcus aureus and coagulase negative 

Staphylococcus spp. isolated from patients with acute otitis media. Journal of American 

Science., 6: 1022-1033. 
3. Anes, J., Mccusker, M. P., Fanning, S., & Martins, M. (2015). The ins and outs of RND efflux 

pumps in Escherichia coli. Frontiers in Microbiology, 6.  
4. Babypadmini, S. and Appalaraju, B. (2004). Extended -spectrum  β-lactamases  in  urinary  

isolates  of Escherichia  coli  and  Klebsiella  pneumoniae  - Prevalence  and  susceptibility  

pattern  in  a tertiary  care  hospital.  Indian  Journal  of  Medical Microbiolology. 22(3):172-

174.  

5. Banerjee, R., & Starke, J. R. (2016). What tuberculosis can teach us about combating multidrug-

resistant Gram negative bacilli. Journal of Clinical Tuberculosis and Other Mycobacterial 

Diseases, 3, 28-34.  
6. Bradford,  P.A.  (2001).  Extended  spectrum  beta lactamases  in  the  21st  century:  

Characterization, epidemiology and detection of  this  important  resitance  threat.  Clinical 

Microbiology Review. 48:933-51   

7. Chaudary,  U.  and  Aggarwal,  R.  (2004).  Extended spectrum  beta  lactamases  on  emerging 

throat.  Indian  Journal  of    Medical Microbiology. 22: 75-80  

8. Cheesbrough,  M.  (2002)  District  Laboratory  Practices in  Tropical  Countries  (Part  2).  

Cambridge University Press. Pp.77-140  

9. Ciorba V, Odone A, Veronesi L, Pasquarella C, Signorelli C.(2015); Antibiotic resistance as a 

major public health concern: epidemiology and economic impact. Ann Ig. 2015 May-

Jun;27(3):562-79. doi: 10.7416/ai.2015.2048. 
10. Clinical and Laboratory Standards Institute (CLSI)(2015): Performance Standards for 

Antimicrobial Disk Susceptibility Tests, Approved standard-Ninth Edition (M2-A9). Wayne, 

PA: Clinical and Laboratory Standards Institute; 2015 

11. Cohen, M. L. (2000). Changing patterns of infectious disease. Nature, 406(6797), 762-767. 

doi:10.1038/35021206  
12. Coudron, P.E., S.E. Moland and Sanders, C.E. (1997). Occurrence  and  detection  of  extended 

spectrum beta lactamases in members of the family  Enterobacteriaceae  at  a  veteran medical  

confers  Journal  of    Clinical Microbiology. 35: 2593-2597  

13. Deepti Rawat, Deepthi Nair (2018); Extended-spectrum β-lactamases in Gram Negative Bacteria: 

Journal of Global Infectious Diseases, 2(3): 263-274 

14. Didi, Senka. (2008). Antibiotic Resistance Mechanisms in Bacteria: Biochemical and Genetic 

Aspects. Food Technology and Biotechnology 

15. El-Khizzi,  N.A.  and  Bakeshwain,  S.M.  (2006): Prevalence  of  extended  spectrum  beta 

lactamases among Enterobacteriacea isolated from blood culture in a tertiary care hospital. 

Saudi Medical Journal 27 (1): 37-40  

16. Emery, C.L. and Weymouth, L.A.  (1997). Detection and clinical significance of Extended 

spectrum beta lactamases in a  tertiary  care  medical center.  J.  Cli.  Mic. 35:2061-2067   

17. Gangoue-Pieboji. J., Benedic,  B.,  Koulla-Shiro,  S., Randegger, C.,  Adiogo,  D., Ngassam,  P., 

Ndumbe,  P.  and  Hachler,  H.  (2005).  ESBL producing  Enterobacteriacea  in  Yaounde, 

Cameroon.  J. of  Cli  Mic. 43 (7): 3237-7  

https://www.ncbi.nlm.nih.gov/pubmed/26152543


European Journal of Biology and Medical Science Research 

  Vol.7, No.4, pp.10-21, October 2019 

              Published by ECRTD- UK  

                                                                              Print ISSN: ISSN 2053-406X, Online ISSN: ISSN 2053-4078 

19 
 

18. Iroha, I.R., Amadi, E.S., Nwazo, A.C. and Ejike-ugwu, P.C.  (2010). Detection  of  Plasmid  

borne ESBLs from blood and urine isolates of Gram Negative  Bacteria  from  University  

Teaching Hospital in Nigeria. Curr Res Bacterial ;3:77-83  

19. Jacoby G.A. AmpC beta-lactamases. Clin Microbiol Rev. 2009 Jan;22(1):161–82 
20. Jasmer,  R,M.  and  Nahid,  P.  (2002).  Clinical  practice.Latent tuberculosis infection. N Egnl. J. 

Med. 347(23). 60 – 66  

21. Jayapradha,  R.,  Murugesh,  S.,  Mahesh,  N  and Brahatheeswaran,  D.  (2007).  Prevalence  of 

ESBL  Producing  Strains  in  Tuberculosis Patients. Research Journal of Microbiology, 2: 

491-495  

22. Käppeli, U., Hächler, H., Giezendanner, N., Beutin, L., & Stephan, R. (2011). Human Infections 

with Non-O157 Shiga Toxin–producingEscherichia coli, Switzerland, 2000–2009. Emerging 

Infectious Diseases,17(2), 180-185. doi:10.3201/eid1702.100909 
23. Kiratisin, P., Apisarnthanarak, A., Laesripa, C.  and Saifon, P.  (2008).  Molecular   

characterization and epidemiology of  extended-spectrum  β-lactamaseproducing  Escherichia  

coli and Klebsiella pneumoniae isolates causing health care-associated  infection  in  

Thailand,  where then CTX-M  family  is  endemic.  Antimicrobial Agents of Chemotherapy. 

52(8):2818-24.  

24. Kong, K. F., Schneper, L., & Mathee, K. (2010). Beta-lactam antibiotics: from antibiosis to 

resistance and bacteriology. APMIS : acta pathologica, microbiologica, et immunologica 

Scandinavica, 118(1), 1–36. doi:10.1111/j.1600-0463.2009.02563. 
25. Lakshmi. R, Nusrin K.S, Georgy Sharon Ann, Sreelakshmi K.S, (2014), Role of Beta Lactamases 

In Antibiotic Resistance: A REVIEW : International Research Journal of Pharmacy: ISSN 

2230 – 8407 :DOI: 10.7897/2230-8407.050207 
26. Lautenbach, E., Patel, J.B. and Fishman, P.H. (2001). Extended  spectrum  beta  lactamases 

producing  Escherichia  coli  and  Klebsiella  pneumoniae.  Risk  factors  for  infection  and 

impact  of  resistance  on  outcomes.  Clinical Infectious Diseases. 32:1162-1171  

27. Magiorakos A.P, Srinivasan A, Carey R.B, Carmeli Y, Falagas M.E, Giske C.G,(2012) 

Multidrug-resistant, extensively drug-resistant and pan drug resistant bacteria: an 

international expert proposal for interim standard definitions for acquired resistance. Clin 

Microbiol Infect. 2012;18:268–81 

28. Mims C, Dockrell H.M, Goering R.V, Roitt I, Wakelin D, Zuckerman M (2004). Attacking the 

enemy: antimicrobial agents and chemotherapy. Medical microbiology. Elsevier Mosby; 

2004. p. 473-507 
29. Mora, A., Blanco, J. E., Blanco, M., Alonso, M. P., Dhabi, G., Echeita, A., . . . Blanco, J. (2005). 

Antimicrobial resistance of Shiga toxin (verotoxin)-producing Escherichia coli O157:H7 and 

non-O157 strains isolated from humans, cattle, sheep and food in Spain. Research in 

Microbiology, 156(7), 793-806. doi:10.1016/j.resmic.2005.03.006  
30. Munita, J. M., & Arias, C. A. (2016). Mechanisms of Antibiotic Resistance. Microbiology 

spectrum,4(2),10.1128/microbiolspec.VMBF-0016 2015.doi:10.1128/microbiolspec. VMBF-

0016-2015 
31. Naumoskil, L.  and Palzkill,  T.  (1996). Outbreak of ceftazidime resistance due to moral 

extended spectrum beta-lactamases in isolates from cancer patients. Antimicrobial agents of 

chemotherapy 36(4): 91-95.   

32. Ngwai Y.B, Nwankwo H.N., & Adoga M.P(2011).Multi-drug resistant Escherichia coli from 

Human Immunodeficiency Virus/Acquired Immunodeficiency Syndrome (HIV/AIDS) 

patients in Keffi, Nigeria; International Research Journal of Microbiology Vol. 2(4) pp. 122-

125 



European Journal of Biology and Medical Science Research 

  Vol.7, No.4, pp.10-21, October 2019 

              Published by ECRTD- UK  

                                                                              Print ISSN: ISSN 2053-406X, Online ISSN: ISSN 2053-4078 

20 
 

33. NCCLs  (National  Committee  for  Clinical  Laboratory Standards)  (2000).  Performance  

standards for antimicrobial disk susceptibility testing. 7th edition  

34. Paterson,  D.L.,  KO,  W.C.  and  Goossens,  H.  (2004). Antibiotic therapy for Klebsiella  

pneumoniae bacteremia.  Implication  of  production  of Extended  spectrum  beta  lactamases  

Journal of  Clinical Microbiology. 39(5): 50 – 57. 

35. Paterson D.L, Bonomo RA, authors. Extended-spectrum β-lactamases: A clinical update. Clin 

Microbiol Rev. 2005;18:657–86. [PubMed] . 

36. Pitout J.D, Nordmann P, Kevin B, Laupland K.B, Poirel L, authors. Emergence of 

Enterobacteriaceae producing extended-spectrum β-lactamases (ESBLs) in the community. J 

Antimicrob Chemother. 2005;56:52–9.   
37. Philippon,  A.,  Arlet,  B.  and  Jacoby,  G.A.  (2002). Plasmid  determined  AMPC  –  type  13  – 

lactamases.  Antimicrobial  agent  of Chemotherapy. 46(4): 1 – 11. 

38. Poole, K. (2004) Resistance to β -lactam antibiotics. Cellular and Molecular Life Sciences, 

61(17). doi:10.1007/s00018-004-4060-9  
39. Salyers, A., Gupta, A., & Wang, Y. (2004). Human intestinal bacteria as reservoirs for antibiotic 

resistance genes. Trends in Microbiology, 12(9), 412-416. doi:10.1016/j.tim.2004.07.004 
40. Shakya, P., Barrett, P., Diwan, V., Marothi, Y., Shah, H., Chhari, N., . . . Lundborg, C. S. (2013). 

Antibiotic resistance among Escherichia coli isolates from stool samples of children aged 3 to 

14 years from Ujjain, India. BMC Infectious Diseases, 13(1). doi:10.1186/1471-2334-13-47 
41. Shi, E., Zhou, J. and Qin, J. (2009). Transconjugation and  Genotyping  of  the  Plasmid  

Mediated Ampc  beta  Lactamases  and  ESBL  Genes  in Klebsiella  pneumoniae  Chinese  

Medical Journal 122: 1092-1096  

42. Sonia Bindu Pandra, David Banji, Otilia J. F. Banji, Ranjith Kumar Aavula and Swetha 

Merugu(2010); Antibiotic Resistance: Overview and Mechanisms, International Journal Of 

Pharmaceutical Sciences And Research; Vol. 1 (12): 17-27 ISSN: 0975-8232 
43. Southwick, F. (2007). Pulmonary infections disease. A clinical short course. 2nd edition. 

McGraw-Hill Medical Publishing. Pg 121-4  

44. Spanu, T.F.,  Luzzaru,  A.,  Tonioto,  P.  and Feeddo G (2002).  Occurrence  of  Extended  

spectrum beat  lactamases  in  members  of  the  family Enterobacteriaceae  in  Italy.  

Implication of resistance  to  beta  lactamases  and  other antimicrobial  drugs.  Antimicrobial  

Agent  of Chemotherapy. 46: 196-202.   

45. Stanford, K., Agopsowicz, C. A., & Mcallister, T. A. (2012). Genetic diversity and antimicrobial 

resistance among isolates of Escherichia coli O157: H7 from feces and hides of super-

shedders and low-shedding pen-mates in two commercial beef feedlots. BMC Veterinary 

Research, 8(1), 178. doi:10.1186/1746-6148-8-178  

46. Talbot, G.H., Bradley, J. J., Edwards, E.J., Gilbert, D.,Scheld, M. and Bartlett, J.G. (2006). 

Bad bugs need drugs: an update on the development pipeline from the Antimicrobial Availability 

Task Force of the Infectious Diseases Society of America. Clinical Infectious Disease, 42: 

657-668. 

47. Timothy J. Foster (2017); Antibiotic resistance in Staphylococcus aureus. Current status and 

future prospects .  FEMS Microbiology Reviews, Volume 41, Issue 3, May 2017, Pages 430–

449,  

48. World Health Organization. Antimicrobial resistance: global report onsurveillance 2014. 

Available at:http://www.who.int/drugresistance 

49. WHO,2018. Antibiotics Resistance. Retrived from www.who.int/news-room/fact-

sheets/detail/antibiotic-resistance 

50. WHO, (2010). Tuberculosis  Fact  Sheet,  World  Health Organization  (2010).  Retrieved  from 

www.crawer.com on 3rd December, 2010.   

javascript:;


European Journal of Biology and Medical Science Research 

  Vol.7, No.4, pp.10-21, October 2019 

              Published by ECRTD- UK  

                                                                              Print ISSN: ISSN 2053-406X, Online ISSN: ISSN 2053-4078 

21 
 

51. Yusha’u, M., Olonitola, S. O., and Aliyu, B. S. (2007): Prevalence  of  Extended  –  Spectrum  

Beta lactamases  (ESBLs)  Among  members  of  the Enterobacteriaceae  isolates  obtained  

from Mohammed  Abdullahi  Wase  Specialist Hospital, Kano, Nigeria. International Journal 

of Pure and Applied Sciences 1 (3): 42 – 48  

52. Yusuf, I., Arzai, A.H., Umar, A., Magaji, N., Salisu, N., Tukur, A., Haruna, M. and Hamid, K.M. 

(2011). Prevalence of extended spectrum beta lactamases (ESBLl) producing escherichia coli 

and klebsiella pneumoniae inTuberculosis patients in kano, Nigeria. Bayero Journal of Pure 

and Applied Sciences, 4(2): 182 – 185:  

 

  

View publication stats

https://www.researchgate.net/publication/346588040

