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Abstract:

Background: Failure of antimicrobial therapy may give an insight into carriage of resistance genes among microbial
pathogens. The ease of spread of these genes including beta-lactamase genes such as blanom, blakec, and blaoxa-as is a
major public health challenge worldwide. The study aimed to detect New Delhi metallo-B-lactamase (blanom) gene
carriage among multidrug-resistant (MDR) Escherichia coli, Klebsiella pneumoniae and Pseudomonas aeruginosa
isolates from clinical specimens at the University College Hospital, Ibadan (UCH), Ibadan, Nigeria.

Methodology: This was a laboratory-based study of 110 presumptively identified Gram-negative bacterial isolates
at the routine microbiology laboratory of UCH Ibadan, Nigeria between May and August 2021. The isolates were re-
identified and confirmed as E. coli, K. pneumoniae and P. aeruginosa using biochemical tests, including oxidase test,
cetrimide agar test, and Analytical Profile Index (API) system. Antibiotic susceptibility test of confirmed isolates to
selected antibiotics was done using the modified Kirby-Bauer disk diffusion method and multi-drug resistance was
defined as resistance to 3 or more antibiotic classes. The blanom was detected among the MDR isolates by conventional
polymerase chain reaction using specific primers. Descriptive statistics were used to summarize variables, and Chi-
square was used to compare categorical variables, with p value < 0.05 taken to be statistically significant.

Results: Of the total 110 Gram-negative bacilli collected from the routine microbiology laboratory, 90 were confirmed
as the Gram-negative bacilli of interest, with K. pneumoniae (58.9%, n=53), E. coli (31.1%, n=28) and P. aeruginosa
(10.0%, n=9). Majority of the isolates (n=77, 85.6%) were susceptible to ertapenem, while most were resistant to
ciprofloxacin (n=75, 83.3%), and 64 (71.1%) were multidrug-resistant. Among the MDR isolates, NDM carriage rate
was 12.5% (n=8/64), with the carriage rate highest in P. aeruginosa (50.0%, n=1/2), followed by K. pneumoniae
(13.6%, n=6/44) and E. coli (5.6%, n=1/18) but no significant difference in the carriage rate (x*=3.417, p=0.1811).
Conclusion: This study shows a high prevalence of MDR Gram-negative bacilli, with K. pneumoniae being the
highest. Resistance was mostly observed to ciprofloxacin, while most isolates were susceptible to ertapenem. blanom
gene was detected in all the three MDR bacterial pathogens. Emphasis should be placed on rational antibiotic use
and routine susceptibility testing, including resistance gene detection, to guide therapy, and prevent emergence of
multidrug resistance in microbial population.
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Résumeé:

Contexte: L'échec d'un traitement antimicrobien peut révéler la présence de génes de résistance chez les agents
pathogenes microbiens. La facilité de propagation de ces genes, notamment les génes de béta-lactamases tels que
blanom, blaxec et blaoxa-as, constitue un enjeu majeur de santé publique a I’échelle mondiale. Cette étude visait a
détecter la présence du gene de la métallo-B-lactamase de New Delhi (blanom) chez des isolats d’Escherichia coli,
Klebsiella pneumoniae et Pseudomonas aeruginosa multirésistants (MDR) provenant d’échantillons cliniques prélevés
au Centre Hospitalier Universitaire d’Ibadan (UCH), a Ibadan, au Nigéria.

Méthodologie: Cette étude de laboratoire a porté sur 110 isolats bactériens a Gram négatif présumés, identifiés au
laboratoire de microbiologie de routine du CHU d’Ibadan, au Nigéria, entre mai et aolt 2021. Ces isolats ont été
réidentifiés et confirmés comme étant des espéces d’E. coli, K. pneumoniae et P. aeruginosa par des tests
biochimiques, notamment le test de l'oxydase, le test sur gélose au cétrimide et le systeme API (Index du Profil
Analytique). La sensibilité aux antibiotiques des isolats confirmés a été déterminée par la méthode de diffusion sur
disque de Kirby-Bauer modifiée. La multirésistance a été définie comme une résistance a au moins trois classes
d’antibiotiques. Le géne blanom a été recherché parmi les isolats multirésistants par PCR conventionnelle a l'aide
d’amorces spécifiques. Des statistiques descriptives ont été utilisées pour résumer les variables, et le test du x2 a
permis de comparer les variables catégorielles. Un seuil de signification statistique de p<0,05 a été retenu.
Résultats: Sur un total de 110 bacilles Gram négatifs collectés au laboratoire de microbiologie de routine, 90 ont
été confirmés comme étant les bacilles Gram négatifs d'intérét, avec K. pneumoniae (58,9%, n=53), E. coli (31,1%,
n=28) et P. aeruginosa (10,0%, n=9). La majorité des isolats (n=77, 85,6%) étaient sensibles a I'ertapénem, tandis
que la plupart étaient résistants a la ciprofloxacine (n=75, 83,3%) et 64 (71,1%) étaient multirésistants. Parmi les
isolats multirésistants (MDR), le taux de portage de NDM était de 12,5% (n=8/64), avec le taux le plus élevé chez
P. aeruginosa (50,0%, n=1/2), suivi de K. pneumoniae (13,6%, n=6/44) et d'E. coli (5,6%, n=1/18). Cependant,
aucune différence significative n'a été observée entre les taux de portage (x2=3,417, p=0,1811).

Conclusion: Cette étude révele une forte prévalence de bacilles Gram négatifs multirésistants, K. pneumoniae
présentant le taux le plus élevé. La résistance était principalement observée a la ciprofloxacine, tandis que la plupart
des isolats étaient sensibles a l'ertapénem. Le gene blanom a été détecté chez les trois bactéries pathogénes
multirésistantes. Il convient de privilégier un usage rationnel des antibiotiques et la réalisation systématique de tests
de sensibilité, incluant la détection des génes de résistance, afin d'orienter le traitement et de prévenir I'émergence
de la multirésistance au sein des populations microbiennes.

Mots-clés: Multirésistance; Métallo-B-lactamase de New Delhi; Portage; Bacilles Gram négatifs

Introduction: bial drug usage, thus compounding the present
challenge of antimicrobial resistance (AMR) (7,
Infections caused by multidrug resistant 8). Other factors such as overuse of antibiotics
(MDR) organisms result in prolonged hospital for treatment and growth promotion in animals
stays, increased healthcare costs, and increased have been noted to contribute to the develop-
mortality and morbidity due to limited treat- ment and spread of resistance (9,10). The limit-
ment options (1). The increasing prevalence of ed scientific strategies to develop new classes of
MDR pathogens has become a major public antibiotics have also partly contributed to the
health challenge worldwide (2,3). In Nigeria, proliferation of resistance in MDR organisms
studies have reported high prevalence of 70- (11).
90% multidrug resistance among clinical isola- Resistance of microbes to antimicrobial
tes (4,5). Several factors have contributed to agents is attributed to their ability to produce
the increasing trend in microbial drug resistan- enzymes such as extended-spectrum beta-lac-
ce. The ease of spread of resistance genes is a tamase (ESBL) that inhibit the effect of these
major challenge coupled with their enhanced agents (12). Of great concern are MDR organ-
selection as a result of drug misuse and abuse isms resistant to the carbapenems, which are
by patients and individuals (6). considered the drugs of ‘last resort’ for treating
Over-the-counter availability of antibio- infections caused by these pathogens (13).
tics, lack of surveillance and routine suscepti- Organisms resistant to carbapenems have been
bility testing in resource-limited countries have isolated from various sources, including human
contributed immensely to irrational antimicro- and animal populations and the environment
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(14). Outbreaks caused by carbapenemase-pro-
ducing Enterobacteriaceae have also been rep-
orted from patient samples (15).

The horizontal transmission of carbape-
nemase genes, mediated by mobile genetic ele-
ments carrying additional resistance elements,
confers resistance to various groups of antibio-
tics, resulting in MDR (16,17). Carbapenemases
belong to molecular class A (KPC), class B (MBL
including NDM, IMP and VIM) and class D (OXA-
48-like carbapenemase) according to the Ambler
classification system (18,19). The production of
carbapenemase has been shown to be the main
mechanism of carbapenem resistance in epide-
miological studies (20,21). MDR isolates catego-
rized as being susceptible to carbapenem by
phenotypic tests can still carry carbapenemase
resistance gene on molecular testing (22).

The occurrence of multiple resistance
determinants including more than two carbape-
nemases in one isolate has also been frequently
reported (23,24). Decreased permeability, ESBL
production and efflux pump over-expression are
noted to play a role in carbapenem resistance
(25,26). Antibiotics such as ceftazidime/avibac-
tam, aztreonam/ avibactam, colistin, tigecycline
and fosfomycin have been recommended for the
treatment of infections caused by carbapenem-
resistant Enterobacterales (CRE) (27).

Two-thirds of all healthcare associated
infections have been reported to originate from
just six MDR organisms, including Enterobacter
species, Klebsiella pneumoniae, Acinetobacter
baumannii, Pseudomonas aeruginosa, Staphy-
lococcus aureus (methicillin-resistant S. aureus
-MRSA, vancomycin-resistant S. aureus-VRSA)
and Enterococcus species (vancomycin resistant
enterococci-VRE). These organisms are collec-
tively known as the ESKAPE pathogens due to
their ability to evade the mechanism of action of
several antibiotics (28). Escherichia coli, Klebsi-
ella spp and P. aeruginosa, identified as priority
pathogens by the World Health Organization
(WHO), are among the most common patho-
gens responsible for nosocomial infections, and
their emerging resistance to a wide range of
antibiotics poses a major challenge to patient
treatment and public health at large (29,30).

Although there are extensive records on
the phenotypic resistance patterns of these org-
anisms, very little is known about the genes
responsible for resistance in most MDR isolates
in Nigeria (31). Local studies have reported sus-
ceptibility profiles of many of these organisms
against antimicrobial agents without indicating
the resistance genes responsible (32). Despite
the existence of MDR among enteric bacteria in
Nigeria, there is limited information regarding
the genes responsible for resistance (33,34).
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This study therefore aimed to detect the pre-
sence of NDM resistance gene in three common
MDR Gram-negative bacilli of medical importan-
ce (E. coli, K. pneumoniae, and P. aeruginosa).

Materials and method:

Study design and site:

This laboratory-based study of selected
Gram-negative bacterial isolates (E. coli, K.
pneumoniae, and P. aeruginosa) was carried out
at the University College Hospital (UCH), Iba-
dan, from May to August 2021. UCH is a major
tertiary healthcare and referral centre in south-
western Nigeria, providing specialized medical
services and serving as a training and research
institution for healthcare professionals.

Ethical approval:

The study was approved by the Ethics
and Research Committee (UI/EC/21/0179) of
the University College Hospital and University of
Ibadan, Nigeria.

Source of bacterial isolates:

The bacterial isolates (E. coli, K. pneu-
moniae, and P. aeruginosa) presumptively iden-
tified from clinical samples (urine, sputum,
wound swabs, biopsy materials, body fluids, and
blood cultures) submitted for routine diagnostic
testing, were obtained by consecutive sampling
from the Medical Microbiology and Parasitology
Laboratory in UCH, Ibadan.

Re-identification and phenotypic confirmation of
selected bacterial isolates:

A total of 110 collected Gram-negative
bacterial isolates were re-characterised to con-
firm their identity. Gram staining technique was
done for confirmation of Gram-negative bacilli.
Identification of species of the Gram-negative
bacilli was carried out using oxidase test, cetri-
mide agar test, and the Analytical Profile Index
(API) system.

Oxidase test:

The oxidase test was carried out using
impregnated oxidase strips. A sterile loop was
used to pick a pure inoculum and smeared on
the strip. A purple colour change observed with-
in 10 seconds was recorded as positive (36).
This test was used to differentiate oxidase-
positive bacteria such as Pseudomonas spp from
oxidase-negative bacteria, including E. coli and
Klebsiella spp, among the selected bacterial iso-
lates.

Cetrimide agar test:
Cetrimide agar (Oxoid, UK) was used to
selectively isolate and identify P. aeruginosa. A
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loopful of the oxidase positive isolate was strea-
ked on the surface of the agar and incubated at
37 °C for 24-48 hours. The presence of greenish
pigment (pyocyanin) and characteristic grape-
like odor was considered indicative for P. aeru-
ginosa growth (37).

Analytical profile index (API) system (API-20E):

The species of the presumptive fermen-
tative Gram-negative bacteria isolates were
identified using the API-20E test. A suspension
of each pure isolate from 24-hour growth was
prepared using normal saline and adjusted to
0.5 MacFarland standard. The bacterial suspen-
sion was used to rehydrate each of the wells on
the API strip, which was then incubated for 24
hours. Colour changes were observed after inc-
ubation following manufacturer’s instructions.

The positive and negative results were
compiled to obtain a profile number, which was
interpreted online to determine the identity of
the isolate (38). This test was used to confirm
the identity of members of the family Entero-
bacteriaceae, including E. coli and Klebsiella spp
among the selected bacterial isolates.

Antibiotic susceptibility testing of the selected
isolates:

The antibiotic susceptibility of the con-
firmed isolates was tested on Muller-Hinton agar
using the modified Kirby-Bauer disc diffusion
method. Seven antibiotics (Oxoid, UK); amoxi-
cillin-clavulanic acid (30ug), gentamicin (10ug),
ciprofloxacin  (5pg), piperacillin-tazobactam
(100/10ug), ceftazidime (30ug), aztreonam (30
Mg) and ertapenem (10pg) were tested. Inocu-
lum of each confirmed isolate was prepared and
standardized to 0.5 MacFarland (~1.5 x 108 CFU
/ml) and then inoculated on Mueller-Hinton agar
plates. Antibiotic discs were applied, and plates
were incubated at 37°C overnight. The inhibi-
tion zone diameters were measured and inter-
preted as susceptible or resistant according to
the Clinical and Laboratory Standards Institute
(CLSI) 2020 guidelines (39). Escherichia coli
ATCC 25922 was used as control strain.

Isolates resistant to at least three
antibiotics classes were regarded as multidrug
resistant. MDR isolates were sub-cultured into
Tryptic Soy Broth (TSB) and then stored at -20
OC to ensure preservation of viable cells for
molecular analysis (36).

Resistance gene detection by PCR:

The stored isolates were retrieved for
molecular analysis, which was carried out in the
Biorepository and Clinical Virology Laboratory,
College of Medicine, UCH, Ibadan.
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DNA extraction by chemical method:

Bacterial broth from pure culture was
transferred into 2ml microtubes and centrifuged
at 10,000 rpm for 5 minutes. Pellets were re-
suspended in 520 L of Tris-EDTA (TE) buffer
and vortexed. Fifteen microliters of 20% sodi-
um dodecyl sulphate (SDS) were added, and the
mixture was incubated at 37°C for 1 hour. A
solution of 100uL of 5 M NaCl and 80 pL of 10%
cetyltrimethylammonium bromide (CTAB) in 0.7
M NaCl was added and vortexed, followed by
incubation at 65°C for 10 minutes and cooling
on ice for 15 minutes. An equal volume of
phenol:chloroform:isoamyl alcohol (25:24:1)
was added, vortexed, incubated on ice for 5
minutes, and centrifuged at 10,000 rpm for 10
minutes. The aqueous phase was transferred to
a new tube, and isopropanol (1:0:6) was added
to precipitate DNA, followed by incubation at -
200C for 1 hour.

The DNA was collected by centrifugation
at 12,000 rpm for 10 minutes, washed with 500
ML of 70% ethanol, centrifuged for 5 minutes at
10,000 rpm, air-dried at room temperature for
3 hours, and dissolved in 50 pL of distilled water
(35)

Amplification by conventional PCR:

The NDM gene was detected by PCR
assay using specific primer targeting blanpm in
the MDR isolates. Specific primers for PCR (NDM
forward: CCAATATTATGCACCCGGTCG; reverse:
ATGCGGGCCGTATGAGTGATTG) used have been
previously documented by Handal et al., (40).
Reaction cocktail used for the PCR primer set
included 5 x PCR SYBR Green buffer (2.5ul),
MgCl; (0.75pl1), 10pM dNTP (0.25ul), 10pM each
forward and reverse primers (0.25ul), 8000 U of
Taq DNA polymerase (0.06ul) which was made
up to 10.5pl with sterile distilled water to which
2ul template was added. The primer mix, mas-
ter mix, and water were added to the well plate,
after which the DNA template was added to the
plate.

The PCR conditions include initial dena-
turation at 949C for 5 minutes, followed by 30
cycles consisting of denaturation at 95°C for 30
seconds, annealing at 519C for 40 seconds,
extension at 720°C for 40 seconds and final
extension of 729C for 5 minutes. The PCR set up
was allowed to run for at least 1 hour 45 minu-
tes for completion of the PCR. The PCR was car-
ried out in GeneAmp 9700 PCR system thermal
cycler (Applied Biosystem Inc., USA) using the
appropriate profile as designed for the primer
pair.

Gel electrophoresis of amplified products:
The PCR amplicons were resolved on
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2% agarose gel prepared in Tris-acetate-EDTA
(TAE) buffer. Electrophoresis was carried out at
a constant voltage for approximately 1 hour.
DNA bands were visualized under ultraviolet
light and compared with a molecular weight
marker (DNA ladder). Bands corresponding to
the expected size of the target gene, as obser-
ved in the positive control, were recorded as
positive, while absence of such bands was re-
corded as negative. A Klebsiella pneumoniae
isolate harboring the blanpm-1 gene was used as
the positive control.

Statistical analysis:

Data were sorted, coded, and cleaned.
Descriptive statistics (percentages) were used
to summarize variables. Chi-square test was
used to assess the association between bacterial
species (E. coli, K. pneumoniae, and P. aerugi-
nosa) and multidrug resistance, as well as the
relationship between bacterial species and NDM
gene carriage. A p value < 0.05 was considered
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significant. Analysis was performed using SPSS
version 26.0.

Results:

Frequency distribution of the selected bacterial
isolates:

Of a total of 110 Gram-negative isolates
collected from the routine laboratory, 90 were
biochemically confirmed, with K. pneumoniae
(n= 53; 58.9%), E. coli (n=28; 31.1%), and P.
aeruginosa (n=9; 10.0%) (Fig 1). The highest
frequency of Gram-negative isolates was from
urine samples (n=25, 27.8%), followed by
wound swab/biopsy (n=23, 25.6%), sputum
(n=13, 14.4%), and blood culture (n=12,
13.3%). Klebsiella pneumoniae (n=13, 24.5%)
and E. coli (n=11, 39.3%) were most frequently
isolated from urine, while P. aeruginosa (n=3,
33.3%) was predominantly obtained from ear
swabs (Table 1).

58.9%

10.0%

Pseudomonas aeruginosa

Klebsiella pneumoniae

Fig 1: Frequency distribution of selected Gram-negative clinical bacterial isolates
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Table 1: Distribution of Escherichia coli, Klebsiella pneumoniae and Pseudomonas aeruginosa isolates according to clinical samples

Sample Escherichia coli (%) Klebsiella pneumoniae (%) Pseudomonas aeruginosa (%) Total (%)
Sputum 1(3.6) 11 (20.8) 1(11.1) 13 (14.4)
Wound swab/biopsy 9 (32.1) 12 (22.6) 2 (22.2) 23 (25.6)
Tracheal aspirate 1(3.6) 2 (3.8) 1(11.1) 4 (4.4)
Blood culture 4 (14.3) 9 (17.0) 13 (14.4)
Ear swab 0 2 (3.8) 3(33.3) 5(5.6)
Intracervical fluid 0 1(1.9) 1(1.1)
Pleural biopsy/fluid 1(3.6) 1(1.9) 1(11.1) 3(3.3)
Pus 0 1(1.9) 1(1.1)
Tissue biopsy 1 (3.6) 1(1.9) 2(2.2)
Urine 11 (39.3) 13 (24.5) 1(11.1) 25 (27.8)
Total 28 (31.1) 53 (58.9) 9 (10.0) 90 (100.0)

Susceptibility patterns of isolates to antibiotics:

Table 2 presents the antibiotic suscep-
tibility of the bacterial isolates. Among E. coli
isolates, resistance was highest to ciprofloxacin
(n=25/28, 89.3%), followed by aztreonam (n=
18/28, 64.3%) and amoxicillin-clavulanic acid
(n=17/28; 60.7%).

Most of the K. pneumoniae isolates were
resistant to ciprofloxacin (n=47/53, 88.7%), ce-

ftazidime (n=42/53; 79.3%), aztreonam (n=39/
53, 73.6%) and gentamicin (n=39/53; 73.6%).
In contrast, P. aeruginosa isolates showed hig-
her susceptibility to most antibiotics tested com-
pared to E. coli and K. pneumoniae.

Most of the isolates tested were suscep-
tible to ertapenem with E. coli (n=27, 96.4%),
K. pneumoniae (n=43, 81.3%) and P. aerugi-
nosa (n=7, 77.8%).

Table 2: Antibiotic susceptibility of Escherichia coli, Klebsiella pneumoniae and Pseudomonas aeruginosa clinical isolates in
University College Hospital, Ibadan, Nigeria

Antimicrobial category
(Antibiotics)

(Ceftazidime)

Escherichia coli (n=28)

Pseudomonas aeruginosa (n=9)

Klebsiella pneumoniae (n=53)

S (%) I (%) R (%)
Aminoglycoside (Gentamicin) 14 (50) 0 14 (50)
Fluoroquinolone (Ciprofloxacin) 1 (3.6) 2(7.1) 25 (89.3)
Monobactam (Aztreonam) 4 (14.3) 6 (21.4) 18 (64.3)
Third generation cephalosporin 8 (28.6) 5(17.9) 15 (53.6)
Penicillin + B-lactamase inhibitors
(Amoxicillin-clavulanic acid) 5(17.8) 6 (21.4) 17 (60.7)
(Piperacillin-tazobactam) - - -
Carbapenem (Ertapenem) 27 (96.4) 0 1 (3.6)

S (%) I1(%) R (%) S (%) I (%) R (%)
6 (66.7) 0 3(33.3) 13(24.5)  1(1.9) 39 (73.6)
6 (66.7) 0 3(33.3) 4 (7.6) 2(3.8) 47 (88.7)
6(66.7)  2(22.2) 1(11.1) 11(20.8)  4(7.6) 39 (73.6)
7 (77.8) 0 2(22.2) 7(13.2) 4(7.6) 42(79.3)
- - - 9 (17) 10 (18.9) 34 (64.2)
5 (55.6) 2(2.2) 2(22.2) - - -
7 (77.8) 0 2(22.2) 43(81.1) 3(5.7) 7(13.2)

S=sensitive; I=Intermediate; R=Resistant
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Multidrug resistant pattern of the isolates:

Of the 90 Gram-negative bacilli tested,
64 (71.1%) were multidrug resistant (MDR),
with resistance to at least three classes of anti-
biotics. The prevalence of MDR was highest in
K. pneumoniae (44/53; 83.0%), followed by E.
coli (18/28; 64.3%), and P. aeruginosa (2/9;
22.2%) (x?=14.764, p=0.0006) (Table 3).

Resistance genes in clinical isolates:
Fig 2 shows the representative image of

Afr. J. Clin. Exper. Microbiol. 2026; 27 (3): 309-319

the NDM gene detected among the MDR clinical
isolates on agarose gel electrophoresis with a
band size of 1500bp. Positive samples were run
alongside a positive control and a 100 bp mole-
cular weight marker (MK).

Of the 64 MDR isolates, 8 (12.5%) har-
bored the NDM gene; 6 (9.4%) K. pneumoniae
and 1 (1.6%) each of P. aeruginosa and E. coli
(Table 4).

Table 3: Multidrug resistance among Escherichia coli, Klebsiella pneumoniae and Pseudomonas aeruginosa clinical isolates in
University College Hospital, Ibadan, Nigeria

Isolates Number of isolates Number of Percentage of X2 p value
MDR isolates MDR isolates

Escherichia coli 28 18 64.3 14.764 0.0006*

Pseudomonas aeruginosa 9 2 22.2

Klebsiella pneumoniae 53 44 83.0

Total 920 64 71.1

*=statistically significant

MK K8 Kii K14K12K10 K14 K15 K16 K17 K31 K19K138 K22 K23 K27 K25 K24 K28 K30 K21 K32 K33 K35K29 K37 K38

1500bp ——

MK= Marker; = Positive samples

Fig 2: Representative agarose gel electropherogram showing PCR amplified NDM gene products

Table 4: Carriage of NDM gene among multidrug Escherichia coli, Klebsiella pneumoniae and Pseudomonas aeruginosa clinical
isolates in University College Hospital, Ibadan, Nigeria

Bacterial isolate Number of MDR isolates Number of MDR isolates x2 p value
with NDM gene (%)

Escherichia coli (n=28) 18 1 (5.6) 3.417 0.1811

Pseudomonas aeruginosa (n=9) 2 1 (50.0)

Klebsiella pneumoniae (n=53) 44 6 (13.6)

Total (n=90) 64 8 (12.5)
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Discussion:

The identification of the AMR patterns of
bacterial isolates plays an important role in
guiding rational prescription of antibiotics and
management of bacterial infections. The report-
ed organisms in this study have similarities with
other studies that have been conducted on MDR
organisms. From this study, K. pneumoniae was
the most predominant, followed by E. coli, and
P. aeruginosa, which agrees with the findings of
Mushi et al., (41) and Aly and Balkhy (42), that
reported these three bacteria as the prevalent
MDR organisms. The 44.0% prevalence of E. coli
reported by Aly and Balkhy (42) is comparable
with the trend observed in the study, while their
reported prevalence rates of 20.0% for K. pneu-
moniae and 18.7% for P. aeruginosa also supp-
ort the dominance of these organisms. Other
studies likewise reported P. aeruginosa, K. pne-
umoniae, E. coli and Enterobacter species as
frequently isolated MDR organisms. The consis-
tent isolation of these organisms across diffe-
rent studies confirm their importance in multi-
drug-resistant infections (41-44).

The predominance of K. pneumoniae
and E. coli in urine samples in this study is
similar to findings reported in other studies
(41). Although some studies reported blood as
the commonest site of infection, variations in
infection sites may be influenced by differences
in study settings and geographical locations (44,
45). The widespread occurrence of MDR organ-
isms across different clinical samples further
highlights the growing challenge of antimicro-
bial resistance in healthcare settings (46,47).

From this study, both E. coli and K. pne-
umoniae were resistant to ciprofloxacin, which
agrees with the report of Gurung et al., (48).
Klebsiella pneumoniae showed high resistance
to ciprofloxacin, ceftazidime, aztreonam and
gentamicin, which is similar to the findings of
Chen et al., (49), where K. pneumoniae was re-
ported to show high resistance to ciprofloxacin,
ceftazidime, aztreonam, ertapenem and genta-
micin among others. Ertapenem was selected as
the antibiotic of choice for testing carbapenem
resistance because it is the most sensitive car-
bapenem indicator for detecting the production
of carbapenemase in Enterobacteriaceae. Unlike
other carbapenems such as imipenem and mer-
openem, ertapenem has reduced affinity for
AmpC beta-lactamases and porin mutations,
which makes it suitable for differentiating carba-
penemase-mediated resistance (50).

Over 70% of the isolates were multidrug
resistant, indicating a high prevalence of MDR
among the organisms investigated. This preva-
lence is comparable to the 69.6% MDR rate
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reported by Adenipekun et al., (5), but higher
than the 42.1% reported among Enterobacte-
riaceae isolates by Bitew and Tsige (51), and
lower than the 87.4% MDR rate reported by
Eshetie et al., (52). The variation in MDR preva-
lence across studies may be influenced by diffe-
rences in study populations, sample size, anti-
microbial usage patterns, infection control prac-
tices, and geographical settings.

Klebsiella pneumoniae accounted for
the largest proportion of MDR isolates in this
study, constituting 68.8% of the total MDR iso-
lates, indicating its major contribution to multi-
drug resistance. Furthermore, 83.0% of K. pne-
umoniae isolates were MDR, which was signifi-
cantly higher than 64.3% observed in E. coli and
22.2% in P. aeruginosa. This finding supports
reports that have identified K. pneumoniae as a
predominant MDR organism, followed by E. coli
(48). Multidrug resistance has been attributed
to the accumulation and expression of multiple
resistance genes on R plasmids or increased
expression of genes encoding multidrug efflux
pumps, which may result in complex MDR phe-
notypes and sometimes pan-resistance (48,53).
Other studies have also reported MDR E. coli
from drinking water sources and MDR Pseudo-
monas isolates, further confirming the wide-
spread nature of multidrug resistance among
Gram-negative bacteria (54,55).

In this study, 8 of the 64 MDR isolates
(12.5%) were positive for the NDM gene, indica-
ting the presence of potential carbapenemase-
producing strains among the MDR isolates. This
finding is of clinical importance because the
NDM gene confers resistance to carbapenems,
which are considered drugs of ‘last resort’ for
the treatment of severe Gram-negative infec-
tions (13). The detection of NDM among MDR
isolates suggests limited therapeutic options
and highlights the risk of treatment failure and
rapid dissemination of resistance within health-
care settings. The detection of the NDM gene
among multidrug-resistant isolates in this study
highlights the presence of carbapenem resis-
tance across the studied organisms. However,
the NDM carriage rate was highest in P. aeru-
ginosa (50.0%), followed by K. pneumoniae
(13.6%) and E. coli (5.6%), although this diffe-
rence was not statistically significant.

The overall prevalence of NDM observed
in this study is comparable to previous reports,
including the 10.2% carbapenemase resistance
reported by Mohammed et al. and the 14.3%
NDM prevalence reported by Tsai et al., (56,57).
However, higher NDM prevalence of about 25%
has been reported in studies from Kano and
Yenagoa, Nigeria, which may be attributed to
differences in antibiotic usage patterns, infec-
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tion control practices, and study populations
(58,59). These findings suggest that NDM-med-
iated resistance is present across multiple Gram
negative organisms rather than being restricted
to a single predominant species. The high resis-
tance trend is indicative of high antibiotic selec-
tion pressure largely due to relatively cheap cost
and easy availability of these agents, mostly
used as first line or common choice of treatment
in many healthcare settings in these regions
(43,44).

Conclusion:

This study showed a high level of multi-
drug resistance, including the emergence of
carbapenem resistance among clinical isolates,
as reported in other studies. The highest preva-
lence of MDR was observed among K. pneum-
oniae isolates. Resistance was mostly to cipro-
floxacin, while ertapenem was the antibiotic to
which these bacteria were most susceptible.

The NDM gene was detected in K. pneu-
moniae, E. coli, and P. aeruginosa, with no sta-
tistically significant difference in carriage rates
among the bacteria. Emphasis should be placed
on rational antibiotic use and routine suscepti-
bility testing, including resistance gene detec-
tion and sequencing, to guide treatment and
curb multidrug resistance.
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