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ABSTRACT

Resistance to antibiotics by microorganisms has increased dramatically in the past few years. Resistance to third generation
cephalosporins and other classes of antibiotics is attributed to the production of beta-lactamase genes located on mobile genetic
elements, which facilitate their transfer between different species. This study was undertaken to determine the presence of ESBLS
in 400 isolates of Escherichia coli obtained from various clinical specimens (urine, stool, blood, wound swabs, sputum and throat
swabs) collected from 216 female and 184 male patients attending various health facilities in Makurdi, Benue State, Nigeria; and
to relate ESBL production with antibiotic resistance. Antibiotic susceptibility test using penicillin, ceftriaxone, ceftazidime,
cefuroxime, cefotaxime, amoxicillin and clavulanic acid, gentamycin, chloramphenicol and imipenem antibiotic discs sourced
from OXOID, USA was carried out, using NCCLS guidelines on the isolates. Presence of ESBLs was determined using the Double
Disc Synergy (DDST) test. The isolates showed the highest resistance to penicillin 392(98%) producing 62(15.8%) ESBLs. Only 8
(2%) isolates were susceptible to penicillin. This was closely followed by resistance to ceftriaxone (385; 96.3%), producing
62(16.1%) ESBLs. The isolates were also resistant to other classes of antibiotics: aminoglycosides (gentamycin) 331(82.7%),
carbapenem, imipenem 2(0.5%) which was the least. Three hundred and ninety-eight (99.5%) of the isolates were susceptible to
imipenem. Isolates from blood specimens (26.3%; n=>5) harboured the highest percentage of ESBLs, followed by isolates from

wound swab specimens (17.3%; n=9). The study showed moderate production of ESBLS resulting in multiple antibiotic resistance.
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1.0 INTRODUCTION

Introduction of third generation cephalosporins in the early 1980s have been met with serious resistance by ESBL-producing
Escherichia coli and other Gram-negative bacteria. This resistance came as a result of these bacteria’s ability to produce mutated
versions of beta-lactamase, called extended spectrum beta-lactamase (ESBL) which strengthened them to neutralize the activity of
expanded-spectrum cephalosporins and monbactams [*]. ESBLs can be inhibited by clavulanic acid and tazobactam [?].

The production of ESBLs by entreobacteriacea has posed a serious public health problem Worldwide. The consequence of this is
therapeutic failure in individuals that have been given inappropriate antibiotics. The matter is worsened by lack of sensitive
diagnostic methods to guide therapy, monitor resistance development and implement intervention strategies [*]. Enterobacteriacea
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producing ESBLs show variable susceptibility patterns for aminoglycosides, fluoroquinolones and fourth generation
cephalosporins [*]. Carbapenems are the only class of antibiotics active against ESBLS.

Genes encoding ESBLs are frequently found on the same plasmid as those encoding resistance to other classes of antibiotics such
as aminoglycosides, fluoroquinolones and sluphonomides [']. Selective pressure by use of second and third generations of
cephalosporins favour the development of mutations that result in conformational changes in the active serine site of amino acid
sequence of TEM and SHV enzymes [°].

Previous use of B-lactam antibiotics and fluoroquinolones has been mentioned as risk factors to acquiring ESBL infections. These
drugs constitute the drugs of choice for treatment of infections caused by Gram-negative organisms in the study area [°]. Previous
studies in this region (North-central) revealed prevalence of 18.6% ['] and 16.0% in the study area [®]. With these varying records
of prevalence of ESBL in the region it will be useful to know if antibiotics resistance is related to ESBL production by
enterobacteriacea in the study population. Antibiotic susceptibility patterns of the isolates will aid clinicians to decide empiric
treatment for infections caused by ESBL-producing microorganisms.

2.0 MATERIALS AND METHODS

A total of four hundred clinical specimens of urine (n=200), stool (n=110), blood (n=19), sputum (n=12), wound swabs (n=52)
and throat swabs (n=7) collected from six selected health facilities grouped into tertiary, secondary and primary, after obtaining
ethical clearance from institutions and consent from subjects, were used for the cross-sectional study. These specimens were
inoculated on to various culture media to isolate Escherichia coli, which were identified by standard microbiological methods: -
colonial morphology, Gram’s reaction, biochemical tests covering TSI, indole, and motility.

Antibiotic susceptibility testing was carried out using Kirby-Buaer disk diffusion method, using Mueller-Hinton agar according to
BSAC guidelines. Antimicrobial agents used for susceptibility test were penicillin, ceftazidime, cefuroxime, cefotaxime, mipenem
and ceftriaxone. Others included ciprofloxacin, gentamycin and chloramphenicol. The susceptibility break point was determined
by measurement of zones of inhibition and compared with standards given by EUCAST (European Committee of Antimicrobial
Susceptibility Testing).

Presence of extended spectrum beta-lactamase production (ESBL) was determined by inoculating the isolates on Mueller-Hinton
agar and subjecting them to cefotaxime (30ug) and ceftazidime (30ug) antibiotic discs alone and in combination with amoxicillin
and clavulanic acid (10 pg) (Oxoid; Basingstoke, UK). The turbidity of respective bacterial suspensions of the bacterium was
adjusted to 0.5 with McFarland standard. The plates were incubated at 37° C for 24 hours.

The results were interpreted according to guidelines of Clinical and Laboratory Standards Institute (CLSI), where interpretive
criteria for ESBL activity was based on an increase of >5mm in diameter of the inhibition zone around discs containing clavulanic
acid as compared to diameters of the inhibition zone around discs that contained no clavulanic acid, which is a beta-lactamase
inhibitor (CLSI, 2014).

3.0 STATISTICAL ANALYSIS

Data obtained from the research were tabulated and analyzed using SPSS version 20.0. Chi square was applied at 95% to test
degree of association.

4.0 RESULTS

ESBL-producing Escherichia coli demonstrated highest resistance to penicillin 98% (n=392) with the production of 62 (15.8%)
ESBLs. Even the 2% (n=8) that were susceptible to penicillin also produced 2 ESBLs. Resistance to cefotaxime was 92.8%
(n=371) with production of 55 ESBLs (14.8%). Susceptibility to cefotaxime was 7.2% (n=29) showing a significant difference
between resistance and susceptibility to cefotaxime (p=0.02). The isolates showed least resistance to mipenem 0.5% (n=2) and
highest susceptibility 99.5% (n=398). Up to 63 ESBLs were produced by 398 susceptible isolates, but these could not inactivate
mipenem, a carbapenem, which are known to be stable in the presence of beta-lactamases (Table 1). There is no significant
difference between susceptibility and resistance to mipenem (p=0.19).

Clinical isolates from blood specimens harboured more ESBLS (26.3%; n=5) than other specimens. This was followed by isolates
from wound specimens 17.3% (n=9). Throat swab isolates harboured no ESBLs (0%; n=0) (Table 2).
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Table 1: Occurrence of ESBL-producing Escherichia coli clinical isolates according to Antibiotic

susceptibility profile

ESBL detection

Antibiotic Susceptibility Number (%) Number positive (%) P value
Susceptible 8(2.0) 2(25.0)

Penicillin Resistant 392(98.0) 62(15.8)
Total 400(100.0) 64(16.0) 0.49 0.48
Susceptible 15(3.7) 2(13.3)

Ceftriaxone Resistant 385(96.3) 62(16.1)
Total 400(100.0) 64(16.0) 0.82 0.77
Susceptible 24(6.0) 5(20.8)

Cefuroxime Resistant 376(94.0) 59(15.7)
Total 400(100.0) 64(16.0) 0.44 0.51
Susceptible 29(7.2) 9(31.0)

Cefotaxime Resistant 371(92.8) 55(14.8)
Total 400(100.0) 64(16.0) 5.26 0.02
Susceptible 52(13.0) 7(13.5)

Chloramphenicol Resistant 348(87.0) 57(16.4)
Total 400(100.0) 64(16.0) 0.29 0.59
Susceptible 64(16.0) 12(18.8)

Ciprofloxacin Resistant 336(84.0) 52(15.5)
Total 400(100.0) 64(16.0) 0.43 0.51
Susceptible 67(16.8) 12(17.9)

Ceftazidime Resistant 333(83.2) 52(15.6)
Total 400(100.0) 64(16.0) 0.22 0.64

15(21.7

Susceptible 69(17.3)

Gentamycin Resistant 331(82.7) 49(14.8)
Total 400(100.0) 64(16.0) 2.04 0.15
Susceptible 398(99.5) 63(15.8)

Mipenem Resistant 2(0.5) 1(50.0)
Total 400(100.0) 64(16.0) 1.73 0.19
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Table 2: Distribution of ESBL-producing Escherichia coli isolates by clinical specimens

ESBL DETECTION
Specimen Number positive (%) Number negative(%b6) Total number

examined (%)

Blood 5(26.3) 14(73.7) 19(100)
Wound swabs 9(17.3) 43(82.7) 52(100.0)
Urine 33(16.5) 167(83.5) 200(100.0)
Stool 16(14.5) 94(85.5) 110(100.0)
Sputum 1(8.3) 11(91.7) 12(100.0)
Throat swabs 0(0.0) 7(100) 7(100.0)
Total 64(16.0) 336(84.0) 400(100.0)

¥’ =3.64; df = 5; p = 0.60
Key:
ESBL = Extended Spectrum Beta-lactamase.

5.0 DISCUSSION

Infections resulting from antibiotic resistant bacteria are more difficult and, in some instances, impossible to treat with current
available antibiotics. Such infections lead to higher morbidity and mortality, imposing huge healthcare cost [°]. Bacterial
resistance to two or more classes of antibiotics occur as a result of selective pressure or horizontal gene transfer.

The current study showed high level of resistance to various classes of antibiotics by Escherichia coli bacterium isolated from
various clinical specimens with resistance to penicillin (98%; n=392) being the highest, and the least resistance to mipenem
(0.5%, n=2). Other researchers have previously recorded high resistance of Escherichia coli isolates to penicillin, which support
the finding of this work: [*°] reported 80 to 100% resistance to ESBL-producing E. coli. [*?] reported 0% resistance to mipenem in
Australia, which agreed with the findings of the present study. Resistance to fluoroquinolone class of antibiotics was also high.
Resistance to ciprofloxacin for instance was 84% (336). This corroborates with [**] who reported 93% resistance to ciprofloxacin
in Dhaka city.

Ability of Escherichia coli to produce extended spectrum beta-lactamases (ESBLs) makes them more resistant. [**] reported that
large amounts of ESBLs in the periplasmic space either bind or slowly hydrolyze the antibiotic before it reaches its target. Sixty-
four (64) out of 400 isolates of various specimens produced ESBLs in the present study (Table 2). Isolates from blood specimens
harboured more ESBLs, 26.3% (5) than 5 other specimens. This finding is contrary to the report of [*] who recovered most
ESBLs from isolates of urine specimens (60.3%; 35) in Enugu, South East Nigeria. Throat swab specimens carried no ESBLs, 0%
(0). There was no significant difference between ESBL production and clinical specimens (3* = 3.64; p = 0.60). Previous use of
antimicrobial agents, especially cephalosporins and quinolones has been reported as risk factors for ESBLs [*°]. These agents
constitute the drug of choice for treating infections with Gram-negative bacteria in Nigeria [*']

6.0 CONCLUSION

The isolates of Escherichia coli studied exhibited multidrug resistance. Highest resistance was to penicillin, a beta-lactam.
Ciprofloxacin from the fluoroquinolone class was also strongly resisted (84%; 336); gentamycin (aminoglycoside) was equally
resisted (82.7%; 331). Extended spectrum beta-lactamase (ESBL) was expressed by 16% of the isolates. ESBL production may
contribute to high resistance of Escherichia coli to antimicrobial agents. Mipenem, a carbapenem is the most active antimicrobial
agent for the treatment of ESBL-producing strains of Escherichia coli.
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