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Extended spectrum beta-lactamases (ESBLS) are enzymes that are now becoming major sources of
resistance to B-lactamase antibiotics more especially in enteric bacteria such as Klebsiella
pneumoniae, P. aeruginosa and Escherichia coli. Increase in the frequency of the B-lactam resistance in
bacteria has become a serious threat for treating bacterial infections caused by enterobacteriaceae.
This study aims to determine the prevalence of ESBLs producers among enteric Gram negative bacteria
isolated from patients in OAUTHC, lle-Ife, Osun State. The subject used in this study involved patients
presenting with evidence of hospital infections. The collected sputum specimens were processed for
the isolation and identification of Gram negative bacilli. Resistance of the isolates to different
antibiotics tested was determined using the standard disc diffusion method of Kirby-Bauer. Phenotypic
and confirmatory test of the isolates were done for ESBL production using double disc synergy test
(DDST) on Mueller Hinton agar according to CLSI 2013 guidelines. Results reveal that the highest
occurrence of bacteria was recovered in Klebsiella species (35%), followed by Enterobacter sp. (13%),
P. aeruginosa (10%), Escherichia coli and Salmonella sp. (7%) while the least occurs in Proteus sp. All
the isolates were 100% resistance to class piperacillin, 76.6% to beta-lactamase inhibitor and 52%
resistance to cephalosporins while they were susceptible to carbapenems, nitrofurans, and
fluoroquinolones. The prevalence of ESBLs producing isolates was 51.1% while non-ESBL producing
strains were 48.8%. Therefore, it can be concluded that extended spectrum beta lactamases are
gradually increasing in Nigeria with co-resistance to some other classes of antibiotics which is very
alarming. There is a limited number of drugs sensitivity for these bacteria and the drug of choice is
imipenem, ciprofloxacin and ofloxacin.
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INTRODUCTION

Extended spectrum pB-lactamases (ESBLs) are beta-
lactamases enzymes that are capable of conferring
bacteria resistance to the penicillins, first, second and
third generation cephalosporins, and aztreonam and

those that do not confer resistance to the cephamycins or
carbapenems groups of antibiotics. They confer
resistance by hydrolysis of these antibiotics which are
inhibited by B-lactamase inhibitors such as clavulanic
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acid, tazobactam or sulbactam, and they are encoded by
genes that can be exchanged between bacteria
(Paterson and Bonomo, 2005; Shaikh et al., 2015). The
first ESBL was identified by Knothe et al. (1983) in a
nosocomial Klebsiella pneumoniae strain isolated in
Germany in 1983 since then over 500 variants of the
clavulanic acid-inhibited form (TEM, CTX-M, SHV, OXA)
have been described worldwide (Kiratisin et al., 2008).
They are most prevalent in Klebsiella sp and their
epidemiology reflects a mixture of mutations, plasmid
transfer and or clonal spread (Livermore and Woodford,
2006). The most common ESBL phenotypes arise from
point mutations in the blaTEM ,blaSHV, or blaCTX genes
resulting in alteration of the primary amino acid sequence
of the enzyme (Bradford, 2001; Gniadkowski, 2001;
Paterson and Bonomo, 2005; Paterson, 2006). In the
past years there has been an increase in the incident of
extended spectrum beta lactamase infections and those
related to ESBL infections.

This study has been carried out to examine the
occurrence of ESBLs among Gram negative isolates from
patients with respiratory tract infections.

METHODS

The study was conducted on in-patients and out-patients attending
Obafemi  Awolowo University Teaching Hospital Complex
(OAUTHC). Ethical approval was obtained from the Hospital Ethical
and Research Committee of the institution. Sputum samples were
collected aseptically from subjects between the period of January,
2015 and February, 2016. Sample size was determined using
Cochran’s formula of N= Z2 pg/d? (Bartlett et al., 2001). In all, a total
of 471 enteric bacteria isolates (Gram-negative) were collected
altogether from both inpatients and outpatients. The morphological
and conventional methods of the bacteria strains were done and
confirmation of the bacteria was determined by biochemical test
and with the use of API 20E kit. (APl Bio Merieux, Germany). The
resistance of isolates to different antibiotics was done using the
method of Kirby-Bauer standard disc diffusion method.

Extended spectrum beta-lactamase production from the isolates
were screened by using disc diffusion of cefotaxime (CTX) and
ceftazidime (CAZ) placed on Muller Hinton agar plate seeded with
the isolates according to the CLSI recommendations.

Phenotypic confirmatory test for ESBL positive strains were
determined by double disc synergy test (DDST) for all the ESBL
producing isolates using CLSI (2015) guidelines. Bacterial colony
was re-suspended in nutrient broth to 0.5 McFarland standards and
was inoculated directly on a Mueller-Hinton agar plates. Single
discs containing ceftazidime with and cefotaxime was placed center
to center, 25 mm apart to the amoxycillin/clavulanic acid (20/10 pg)
disc on a lawn culture of the isolate on Mueller-Hinton agar plate.
The plates were then incubated at 37°C for 18 - 24 h. An enhanced
cleared zone of inhibition towards the amoxycillin/clavulanic acid
(20/10 pg) disc showed positive ESBL production (Iroha et al.,
2009).

RESULTS

Four hundred and seventy-one enteric Gram-negative
bacteria which consist of thirty-two different species

were recovered from patients with respiratory tract
infection. They are K. pneumoniae, Citrobacter freundii,
Escherichia coli, Proteus mirabilis, Aeromonas
salmonicida, Serratia liquefaciens and Salmonella
arizonae. Out of four hundred and seventy-one (471)
isolates, 241 (51%) isolates produced extended spectrum
beta-lactamase, while 230 (49%) were not extended
spectrum beta-lactamase producers (Table 1). The ESBL
producers are 51% while non-ESBL producing strain are
48.8% (Table 2). Most of the ESBL-producers were
multiple drug resistant to piperacillin, augmentin,
ceftazidime, cefoxtazime, cefuroxime, cefixime and beta
lactam inhibitor, 95.6 and 96.4% of isolates were found
sensitive to imipenem and ofloxacin respectively while
other isolates showed resistance to piperacillin (100%)
(Table 3). The multiple antibiotic resistance (MAR)
phenotypes of bacterial isolates recovered from patients
diagnosed with LRTI in lle-Ife showed diversities of MAR
patterns which occurred among the isolates (Table 4).

DISCUSSION

The antibiotic resistance among the respiratory
pathogens is a major barrier that might interfere with an
effective treatment. The emergence of multidrug resistant
strains poses a major threat to the patients globally.
Among the isolates, various mechanisms of antibiotic
resistance have been attributed, among which production
of beta-lactamases is a leading cause of resistance.
Extensive use of broad spectrum antibiotics has further
increased the multidrug resistance. Carbapenem-
hydrolyzing beta-lactamases of Ambler class B
(metalloenzymes), Ambler class D (oxacillinases) and
extended-spectrum beta-lactamases (ESBLs) of Ambler
class A are sources of multidrug resistance in Gram-
negative isolates (Noyal et al., 2009).

In this study, two hundred and forty-one (51.1%)
bacterial isolates were extended spectrum beta-
lactamases producers. Sherchan et al. (2012) reported
20% ESBL production among the Gram-negative isolates
which is in contrast to this present study. Statistically,
there were no significant differences (P>0.05) among the
ESBL producers and non-ESBL producers. The
emergence of these ESBLs in Gram-negative bacilli is
becoming a therapeutic challenge. Carbapenem group of
antibiotics play a vital role in the management of Gram-
negative infection, because of their broad spectrum
activity and stability to hydrolysis by most of the beta-
lactamase including ESBLs (Sherchan et al., 2012).

Another finding in this study was that the isolates
showed low level of susceptibility to third generation
cephalosporins such as cefotaxime, ceftriazone, and
ceftazidime, that is, they were highly resistant to third
generation cephalosporins. This may be due to the fact
that many of the organisms are ESBL producers which
are evident from these findings as they showed ESBL



Table 1. Percentage distribution of bacterial pathogens isolated.
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Bacteria pathogens Number of occurrence Percentage
Klebsiella sp. 166 35.2
Enterobacter sp. 53 11.3
Proteus vulgaris 2 0.4
Pseudomonas aeruginosa 47 5.0
Escherichia coli 33 7.0
Providencia stuartii 4 0.8
Shigella sp. 28 5.9
Aeromonas sp. 29 6.1
Citrobacter sp. 37 7.8
Salmonella sp. 32 6.7
Serratia sp. 20 4.2
Yersinia sp. 10 23
Total number of isolates 471 100

Table 2. Frequency of ESBL producing bacteria isolates.

Bacterial isolates

No of isolates

ESBL positive (%)

ESBL negative (%)

Enterobacter sp. 63 18 (28.6) 45 (71.4)
Klebsiella sp. 166 102 (61.4) 64 (38.6)
Proteus sp . 2 2 (100) 0

P. aeruginosa 35 16 (34.0) 31 (66.0)
Escherichia coli 33 22 (66.7) 11 (33.3)
Serratia sp. 20 14 (70) 6 (30)
Aeromonas sp. 29 13 (44.8) 16 (55.2)
Citrobacter sp. 37 23 (62.2) 14 (37.8)
Salmonella sp. 32 13 (40.6) 19 (59.4)
Providencia sp. 4 0 4 (100)
Yersinia sp. 10 4 (40) 6 (60)
Shigella sp. 28 14 (50) 14 (50)
Total 471 241 (51.1) 230 (48.8)

Table 3. Antibiotic resistance among isolates cultured from sputum samples of patients diagnosed with RTI.
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Classes of antibiotics tested

Specific antibiotics

Number of isolates resistant

% Resistance

Penicillins

Cephalosporins (Cephems)

Beta-Lactamase Inhibitor

Carbapenems
Nitrofurans
Aminoglycosides

Fluoroquinolones

Piperacillin

Cefoxtazime
Cefoxitin
Cefuroxime
Cefixime
Ceftazidime
Augmentin

Imipenem

Nitrofurantoin

Gentamicin

Ciprofloxacin
Ofloxacin

Amoxicillin-clavulanic acid

471

208
128
176
239
178
293

361
21
75
58

20
17

100

44.1
27.1
38.0
50.7
37.7
62.2

76.6
4.4
15.9
12.3

4.24
3.60
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Table 4. Multiple antibiotics resistance profile of the isolates.

Multiple antibiotics resistance profile of the isolates

No of isolates Overall (%)

Aug, Prl

Amc, Aug, Prl
Amc, Gen, Prl
Aug, Ofl, Prl
Aug, Nit, Prl
Aug, Ipm, Prl
Aug, Gen, Prl

Amc, Aug, Gen, Prl
Amc, Aug, Ipm, Prl
Amc, Aug, Ofl, Prl
Amc, Gen, Nit, Prl
Aug, Ipm, Nit, Prl
Aug, Gen, Ofl, Prl
Amc, Aug, Nit, Prl

Aug, Gen, Nit, Ofl, Prl
Amc, Aug, Ipm, Nit, Prl
Amc, Aug, Gen, Nit, Prl
Amc, Aug, Gen, Ofl, Prl
Amc, Aug, Ofl, Nit, Prl

Amc, Aug, Gen, Nit, Ofl, Prl
Amc, Aug, Ipm, Ofl, Nit, Prl
Amc, Aug, Ofl, Gen, Ipm, Prl
Amc, Aug, Gen, Ipm, Nit, Ofl, Prl

Total number of MAR pattern = 23

25 25 (6.28)
233
9
2
260 (65.3)
8
4
4
22
3
3
1 86 (21.6)
3
6
48
1
12
3 22 (5.5)
5
1
1
1 3(0.75)
1
1 1(0.25)
398 84.5

production at a very high rate, especially in Klebsiella
spp, E. coli and P. aeruginosa. Other reason may be that
the third generation cephalosporins antibiotics have been
misused for a long period by individuals, so that over this
time pathogens have developed and become resistance.
The misuse of broad spectrum antibiotics, insufficient
hygiene, immunosuppression, and a prolonged stay in
the hospital are some other major aetiological factors that
enhance the chances of multi drug resistant infections
(Manjunath et al., 2011). Studies from Indian and Nigeria
reported high level of resistance (87 - 89%) and (84.8 -
96%) respectively to cephalosporins (Egbebi and
Famurewa, 2011; Gupta et al., 2012). The decreased
susceptibility of third generation cephalosporins could
also be due to production of ESBL and AmpC beta-
lactamases. In the present study, 23.4% isolates were
sensitive to amoxicillin-clavulanic acid. Such low level of
sensitivity has also been reported in other Indian studies
stating 49.3% to as low as 9% (Gupta et al., 2012;
Namratha et al., 2015).

Conclusion

The prevalence and incidence of respiratory infections
has been on the increase side, which are caused by beta
lactam resistant organisms and due to the production of
different enzymes has increased recently. Detection of
strains producing ESBL is of paramount importance in
both hospital acquired and community acquired isolates.
The close monitoring of this pathogens in laboratories is
required to minimize the spread of these bacteria and
help to select appropriate antibiotics to combat them. The
detection of extended spectrum beta lactamase
producing isolates in the study area are multidrug
resistance; thus, there is a need for constant and careful
surveillance for multidrug-resistant bacteria in the study
area.
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