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ABSTRACT

Background and Objectives: This study investigated the incidence and antibiotic susceptibility profile of extended spec-
trum B-lactamase (ESBL) producing uropathogenic Escherichia coli recovered from HIV/AIDS patients in Awka metropolis,
Nigeria.

Materials and Methods: A total of 363 urine samples were bacteriologically analyzed for the isolation of E. coli isolates
which were further characterized using standard microbiology techniques. The isolated uropathogenic E. coli was tested for
susceptibility to a range of clinically important antibiotics using the modified disk diffusion technique. All E. coli isolates
were phenotypically screened for ESBL production using the combined disk technique, and strains which were positive were
further confirmed for the presence of ESBL genes using PCR technique.

Results: A total 160 (44.1%) non-duplicate isolates were bacteriologically confirmed to be uropathogenic E. coli (UPEC).
The E. coli isolates showed reduced susceptibility to important antibiotics including ceftazidime (76.88%), cefuroxime
(77.5%), cefixime (61.88%), amoxicillin-clavulanic (32.5%) and ciprofloxacin (34.38%). Twenty-seven of the UPEC iso-
lates were phenotypically confirmed to be ESBL producers. PCR test confirmed some important genes mediating ESBL
production in Gram negative bacteria including bla,, (5.0%) and bla_,, ,, .. (6.9%) genes.

Conclusion: We report a high prevalence of ESBL producers among HIV/AIDS patients in Awka, Nigeria. This result is
important as antibiotic resistance (ABR) particularly those mediated by multidrug resistant bacteria as reported in this current
study could complicate treatment outcome, worsen the individual’s health, and even increase cost of treatment and hospital-
ization. It is therefore important to lookout for ESBL positive UPEC amongst HIVV/AIDS patients in Nigeria.

Keywords: HIV; Drug resistance; Uropathogenic Escherichia coli; Antimicrobial resistance; Extended-spectrum p-lact-
amase

INTRODUCTION lem that negatively affects the health sector and inca-
pacitates our ability to effectively threat and manage

Antibiotic resistance particularly those caused by infectious diseases caused by these pathogens. Ex-
multidrug resistant bacteria is a global health prob- tended-spectrum B-lactamases (ESBLS) are p-lact-

“Corresponding author: Malachy C. Ugwu, Ph.D, Department of Pharmaceutical Microbiology & Biotechnology, Faculty of Pharmaceu-
tical Sciences, Nnamdi Azikiwe University, Awka, Nigeria. Tel: +2348039460570 Email: mc.ugwu@unizik.edu.ng

Copyright © 2022 The Authors. Published by Tehran University of Medical Sciences.
() This work is licensed under a Creative Commons Attribution-Non Commercial 4.0 International license
(https://creativecommons.org/licenses/by-nc/4.0/). Noncommercial uses of the work are permitted, provided the original work is properly cited.

334


mailto:ugwu@unizik.edu.ng
https://creativecommons.org/licenses/by-nc/4.0/

amase enzymes that hydrolyze extended - spectrum
cephalosporins with an oxyimino side chain but are
inhibited by clavulanic acid. They occur mostly in
Gram-negative bacteria including members of the
Enterobacteriaceae family (1), and they are medi-
ate multidrug resistance in organisms harbouring
mobile genetic elements or genes for their produc-
tion. Antibiotic resistance affects human health, an-
imal health, the environment and food security. It is
a common occurrence among people with urinary
tract infections and other hospital and community
acquired infections.

Urinary tract infections (UTIs) are among the
commonest human bacterial infections occurring
both in the community and hospital settings mostly
in developing countries with a high rate of casual-
ty and financial implications (2-3). Clinically, UTI
occurs when the number of microorganisms (> 10°
cells per milliliter) in urine is detected in properly
collected mid-stream clean catch urine samples (2,
4). UTI’s are caused by a variety of bacterial patho-
gens but mostly by the members of the Enterobacte-
riaceae family including Escherichia coli, Klebsiella
and Proteus (3, 5-6). Individuals that are HIV posi-
tive are more inclined to getting a UTI because their
immunity is already suppressed due to the unique
pathogenesis of the virus (HIVV) which decreases the
CD4* cells of HIV infected individuals (7).

Escherichia coli accounts for about 75-95% of all
UTIs because E. coli is a normal flora of the GIT and
can easily migrate to the urethra from the perineum
when proper personal hygiene is not imbibed. Anti-
biotics particularly antibacterial drugs such as nitro-
furantoin, aminoglycosides and fluoroquinolones are
mostly the drugs of choice for most UTI’s. Howev-
er, ESBL mediated resistance has been increasingly
reported among HIV patients with UTI caused by
E. coli (8). The emergence of ESBL-producing uro-
pathogenic E. coli (UPEC) is of public health con-
cern and a challenge to HIV patient management (9).

Patients with infections caused by ESBL-produc-
ing E. coli may experience poor prognosis and high
morbidity/mortality as well as high cost of treatment
if proper medical care is not administered. This could
result from delays in initiating effective antimicrobi-
al therapy as well as lack of availability of limited an-
tibiotic options because the isolates often co-express
resistance to other classes of antibiotics due to their
multidrug resistance nature (1, 10-11). The inability
of hospital laboratories in Nigeria, Africa, and other
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parts of the world to initiate and carryout proper an-
timicrobial susceptibility testing (AST) outside their
routing AST protocols, that will spot and detect mul-
tidrug resistant microbes including ESBL-producing
UPEC strains may also be a contributing factor asso-
ciated with the poor prognosis of HIV patients hav-
ing underlying or secondary UTI’s. There is paucity
of information on the frequency and antibiotic sus-
ceptibility profiles of ESBL-producing UPECamong
HIV/AID patients in Awka, Nigeria. Therefore, this
study aimed at providing some preliminary epidemi-
ological data that will help to guide therapy amongst
HIV positive patients who may be infected with a
UPEC strain as a secondary infection.

MATERIALS AND METHODS

Isolation and identification. Clean catch urine
samples were collected from HIV positive patients
who had UTI and attended a state-owned universi-
ty teaching hospital in Awka metropolis, Nigeria for
medical care. Verbal informed consent was obtained
from all patients prior to specimen collection and the
study was conducted after obtaining ethical state-
ment (COOUTH/CMAC/ETH.C/VO1.1/0044) from
the ethical committee of the said hospital. Non-du-
plicate urine samples were collected in clean sample
collection bottles and transported to the laboratory
for bacteriological analysis. All samples were initial-
ly cultured on MacConkey agar and cysteine lactose
electrolyte deficient (CLED) and incubated overnight
at 37°C for the isolation of suspect uropathogenic E.
coli. Plates showing growth were subsequently cul-
tured on freshly prepared MacConkey agar for the
isolation of pure colonies for next step of the exper-
iment. E. coli colonies were confirmed using Gram
negative staining, indole test, and lactose fermenta-
tion on triple sugar iron agar (TSIA) tubes.

Antibiotic susceptibility testing. Antibiotic sus-
ceptibility testing was performed using cells of E.
coli that were equivalent to 0.5 McFarland turbidity
standards. The modified Kirby-Bauer’s Disk diffu-
sion technique was used for determining the suscep-
tibility profile of the E. coli isolates to some clinically
important antibiotics including ceftazidime (30 pg),
cefuroxime (30 pg), gentamicin (10 ug), cefixime (5
ug), ofloxacin (5 ug), augmentin (30 pg), nitrofuran-
toin (300 ng) and ciprofloxacin (5 pg). All suscepti-
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bility test disks were purchased from Abtek (Abtek,
UK). Each isolate was swabbed on freshly prepared
Mueller Hinton (MH) agar plates (Oxoid, UK) and
susceptibility test disks were aseptically placed at 25
mm apart using forceps. The MH agar plates were
incubated at 37°C for 18-24 hr. The inhibition zone
diameters (1ZD) produced were measured, recorded,
and interpreted by comparing the individual zones to
the standard antibiotic breakpoints provided by the
guidelines of the Clinical Laboratory Standard Insti-
tute (CLSI). The individual 1ZDs were recorded as
percentage susceptible or resistant (12, 13).

Screening and phenotypic detection of ESBL
producers. The E. coli isolates were screened for
ESBL production by first checking their susceptibili-
ty against a range of third generation cephalosporins
including ceftazidime (30 pg), cefotaxime (30 ug),
and cefpodoxime 30 ug). E. coli isolates that showed
reduced susceptibility to any of these cephalospo-
rins as per the recommended antibiotic breakpoints
for resistance to third generation cephalosporins (13)
were subjected to further testing using combined disk
technique for the phenotypic confirmation of ESBL
production. These isolates were aseptically swabbed
on the surface of Mueller Hinton (MH) agar plates,
and a combination disk of amoxicillin-clavulanic
acid (AMC) [20/10 pg] was placed at the center of
the MH agar plate and cefotaxime (CTX, 30 pg) and
ceftazidime (CAZ, 30 pg) were placed on either side
of the central disk (AMC-20/10 pg) at 15 mm apart.
The plates were incubated for 18-24 h at 37°C. After
incubation, a >5 mm increase in zone diameter for
either of the cephalosporins (CAZ and CTX) tested
in combination with AMC (20/10 pg) compared to its
zone when tested alone confirms ESBL production in
the test E. coli isolates phenotypically (14).

DNA extraction and PCR. The total DNA of
ESBL-producing E. coli isolates in this study was
extracted using the Enzo DNA extraction kit (Enzo
Life Sciences, USA) according to the manufacturer's
guidelines. The extracted DNA samples were stored
at -20°C for the PCR amplification of ESBL genes.
The specific sequence of primers and PCR conditions
for the PCR experiment is shown in Table 1. The PCR
products were separated on 1.5% agarose gel electro-
phoresis and visualized with 0.5 pg/ml ethidium bro-
mide under ultraviolet transilluminator (BIO-RAD,
UK). A 100 bp ladder was used as the molecular
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marker. The PCR amplification was performed using
4 pl of sample DNA in a total volume of 12.5 pL reac-
tion mixture with amplification conditions (22).

Determination of multiple antibiotic resistance
index (MARI). Multiple antibiotic resistance index
(MARI) was determined according to a previous
methodology (15). MARI was evaluated by dividing
the number of resistant isolates to the total number of
antibiotics for which they were evaluated for suscepti-
bility. To determine resistant profile of these resistant
isolates, MARI was evaluated using the formular:
MARI =a/b, where “a” is the number of antibiotics to
which the resistant bacteria was resistant to and “b” is
the total number of antibiotics to which the resistant
bacteria has been evaluated for.

RESULTS

A total of 363 mid-stream urine samples from HIV
positive patients who attended a state-owned hospital
were bacteriologically analyzed for the isolation of
uropathogenic E. coli isolates that were investigated
further for ESBL production using both phenotypic
and genotypic (molecular) technique. One hundred
and sixty (160) isolates of E. coli were recovered from
the urine mid-stream urine samples and used for the
next steps of the experiment.

Results of antibiotic susceptibility testing of the
uropathogens. The antibiotic resistance pattern of the
UPEC isolates was studied and it showed a 76.88%
resistance to ceftazidime, 77.5% resistance to cefurox-
ime, 61.88% resistance to cefixime, 6.25% resistance
to gentamicin, 6.88% resistance to ofloxacin, 32.5%
resistance to augmentin, 0.63% resistance to nitrofu-
rantoin and 34.38% resistance to ciprofloxacin (Table
2). Similarly, Table 3 shows the MARI index of the
isolated uropathogens to the antibiotics tested. On av-
erage, the tested isolates had MARI greater than 0.2,
implying that the UPEC strains are resistant to at least
two or more antibiotics from different classes, thus
connoting to the multidrug resistance nature of the E.
coli isolates investigated in this study.

Phenotypic and molecular screening of the uro-
pathogenic E. coli for ESBL. Table 4 shows the
results of the phenotypic and molecular detection of
ESBL production in the test E. coli isolates investi-
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Table 1. Primer sequence of the ESBL Genes.

ESCHERICHIA COLI AMONG HIV/AIDS PATIENTS

Genes Oligonucleotide sequence Amplicon size (bp) Temperature (°C)
TEMF AGTGCTGCCATAACCATGAGTG 431 60
TEMR CTGACTCCCCGTCGTGTAGATA 431 60
SHV F GATGAACGCTTTCCCATGATG 214 60
SHV R CGCTGTTATCGCTCATGGTAA 214 60
CTXF ATGTGCAGYACCAGTAARGT 593 50
CTXR TGGGTRAARTARGTSACCAGA 593 60
CTX-M-15F CACGTCAATGGGACGATGT 410 60
CTX-M-15R GAAAGGCAATACCACCGGT 410 60

Key: F — forward primers, R- reverse primers

Table 2. The antimicrobial susceptibility pattern of the iso-
lates to the selected antibiotics.

Antibiotics (pl) Resistance (%)  Susceptible (%0)

Ceftazidime (30) 76.88 23.12
Cefuroxime (30) 775 225
Gentamicin (30) 6.25 93.75
Cefixime (30) 61.88 38.12
Ofloxacin (10) 6.88 93.12
Augmentin (30) 325 67.5
Nitrofurantoin (10) 0.63 99.37
Ciprofloxacin (10) 34.38 65.62

Table 3. MARI of uropathogenic E. coli isolates

MARI Index Number of Isolates
0.1 19
0.2 29
0.3 66
0.5 39
0.7 06
0.8 01

Table 4. Frequency of ESBL positive E. coli isolates

Test n (%)
Combined disk method

ESBL negative 116 (72.5)
ESBL positive 44 (27.5)
PCR

bla,, gene 8 (5.0)
bla ., gene 7(4.4)

bla .. gene 11 (6.9)
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gated in this study using the combined disk technique
and PCR techniques respectively. A total of 8 isolates
of E. coli (5.0%) were confirmed by PCR to harbour
the bla.,,ESBL gene — that mediates resistance to the
cephalosporins. The blag,,,, gene mediates bacterial re-
sistance to the B-lactams, and this gene was detected
in a total of 7 E. coli isolates (4.4%) tested for ESBL
gene by PCR. The most predominant ESBL gene con-
firmed by PCR in this study was the bla . ESBL
gene — which is unique in mediating bacterial resis-
tance to cefotaxime, an important third generation
cephalosporin that has wide applications in clinical
medicine for the treatment of a wide variety of infec-
tions caused by pathogenic Gram-negative bacteria. A
total of 11 E. coli isolates (6.9%) were confirmed to
harbour the bla__ .~ ESBL gene (Table 4). Table 5
shows the resistance profile of the ESBL-producing E.
coli isolates to some commonly used antibiotics in the
hospital environments.

DISCUSSION

Urinary tract infections (UTIs) are among the com-
monest human bacterial infections occurring both in
the community and hospital settings particularly in

developing countries with a high rate of casualty (3).

Table 5. Resistance profile of ESBL-UPEC strains harbour-
ing bla,_, and bla_,, ,, ,. genes to B-lactam antibiotics

Antibiotics bla ., (%) bla ., . (%)
Cefuroxime 100 100
Cefixime 77.8 0
Amoxicillin-clavulanic acid 77.8 100
Ceftazidime 100 75
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The prevalence of uropathogenic E. coli (UPEC) in
our study was 44.1%. This is higher than the prev-
alence rate of 5.8 % recorded in Jos, North Central
Nigeria (16). However, a higher prevalence of 58.2%
was recorded among HIV-positive patients in Poland
by Skrzat-Klapaczynska et al. (17). It is surprising
that despite co-trimoxazole use as a prophylaxis for

the prevention of opportunistic infections among
HIV positive individuals in Awka Metropolis, we
still have a high prevalence of UTI among the pa-
tients. UTI incidence in HIV positive patients have
been related to infection and immune functions
determined by lymphocytes CD4* cells count. The
incidence increases with decreasing immune func-
tion (17). The antibacterial activities of the antibi-
otics tested against the UPEC isolates in this study
were in the order: cefuroxime <ceftazidime<cefix-
ime<ciprofloxacin <augmentin<ofloxacin< gentami-
cin <nitrofurantoin. This shows that nitrofurantoin,
gentamicin and ofloxacin were highly active and thus
can be used for the treatment of UTIs caused by uro-
pathogenic strains of E. coli in HIV patients. This
finding agrees with the findings of Ekwealor et al. (2)
who also showed in their study that nitrofurantoin is
the most active antibacterial agent in cases of UTI.
In another related study, Kanu et al. (18) recorded a
similar finding, stating that gentamicin and cipro-
floxacin were the drugs of choice for the treatment
of UTI in people living with HIV. The high degree of
resistance of these UPEC strains from HIV patients
might be because HIV patients are immune-compro-
mised and thus have been exposed to a lot of infec-
tions and in turn, lots of antibiotics are used in their
management. Antibiotic misuse and abuse have been
recorded as major ways of promoting antibiotic resis-
tance in a population of animals or humans (2, 19).
Strikingly, the majority of the UPEC isolates from
our study showed resistance to the cephalosporins.
Emergence of B-lactamases producers among the
uropathogenic E. coli reduces therapeutic options be-
cause the isolates often co-express resistance to other
classes of antibiotics (3, 20). A 61.36% of the cepha-
losporins resistant isolates in our study were pheno-
typically and genotypically confirmed to be ESBL
producers. Zenati et al. (21) reported a similar preva-
lence rate of ESBL producing E. coli ( 32.5%). On the
molecular level, among the three (3) ESBL resistance
genes checked, the predominant gene was bla__

(6.9%) genes, followed by bla ., (5.0%). The iso-
lates that harbored the bla _,, resistant gene were
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predominantly resistant to cefuroxime (100%), ce-
fixime (77.8%), amoxicillin-clavulanic acid (77.8%)
and ceftazidime (100%) — which are all broad-spec-
trum and last-line antibiotics used to manage seri-
ous bacterial infections including those caused by
pathogenic strains of E. coli. Similarly, the isolates

that harbored the bla ., resistant gene were found

15
to be predominantly resistant to cefuroxime (100%),

amoxicillin-clavulanic acid (100%) and ceftazidime
(75%). Our findings differed from that of a similar
work done by Padmavathy et al. (8) in India. They re-
ported that 70.2% of the ESBL positive isolates have
the bla., ,,9ene. They also reported that these iso-
lates were found to be more resistant to ciprofloxacin
(92.5%) and gentamicin (75%), which totally does
not agree with our findings. Extended-spectrum
[B-lactamases are frequently identified in E. coli and
are responsible for resistance against penicillins,
cephalosporins, aztreonam and other B-lactam and
some non-B-lactam agents (22-23). In this study, we
report significant resistant patterns (above 50%) of
the uropathogenic E. coli (UPEC) isolates from HIV
patients when compared to previous studies in this
region in which the antimicrobial susceptibility pat-
terns of UPEC strains was in the range of 20-40%
(1-2). Following an extensive use of B-lactam antibi-
otics over the years, various p-lactamases types and
mutants have emerged both in hospital and commu-
nity settings. The CTX-M enzymes have been re-
ported to cause an increase in the treatment failure
of both complicated and uncomplicated UTIs (21).
The levels of ESBL producers are a major threat to
infection management as this may have contribut-
ed to the antibiotic resistance reported in this study.
ESBL-producing organisms are known to contain
plasmids with genes that encode resistance to oth-
er antibiotics (3). It has been severally reported that
ESBL-producing E. coli isolates exhibit an alarming
trend in co-resistance to other classes of antibiotics
(8). In our findings, the PCR technique had better de-
tection capacity than the phenotypic method because
it looked for the genes responsible for ESBL produc-
tion, unlike the phenotypic tests which is more of a
general tests that detect both ESBL and other similar
AMR mediators. It has been previously reported that
occurrence of many ESBL types or ESBL-AmpC
combinations within the same organism make phe-
notypic screening of the B-lactamases difficult and
non-reliable (3, 24).

The preliminary epidemiological data from our
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study gives credence to these reported claims, and
therefore reiterates the need for the proper surveil-
lance, detection and reporting of multidrug resistance
cases in our hospital’s laboratories to guide therapy
and thus ensure good prognosis of affected patients.
Such measures will help to stop the emergence and
spread of resistant bacteria in both the community
and hospital environment.

CONCLUSION

This study reported a 44.1% prevalence of uropatho-
genic E. coli among HIV/AIDS patients in Awka Me-
tropolis, Nigeria. Our study shows the occurrence of
ESBL genes in uropathogenic multidrug-resistant
UPEC strains among HIV patients in Awka metrop-
olis, Nigeria. The predominant gene detected was
bla (6.9%). It is our hope that findings of this

CTXM-
15

magnitude will help clinicians to better define the
empiric treatment of UTIs caused by multidrug-resis-
tant E. coli especially among HIV positive individ-
uals in Nigeria.
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