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ABSTRACT
Klebsiella pneumoniae has emerged as a formidable pathogen, complicating the treatment of infections in healthcare
settings. In this study, we examined the phenotypic characteristics and resistance trends of K. pneumoniae isolates
from 150 clinical samples - including urine, blood, and deep throat sputum - collected from selected hospitals in llorin,
Nigeria. Forty-nine isolates were recovered, with a predominance among female patients and individuals aged 18 - 40
years. ldentification and antimicrobial susceptibility testing were performed using standard bacteriological methods
and a modified Kirby-Bauer disc diffusion technique. The findings revealed a concerning level of resistance to
cephalosporins and beta-lactam/B-lactamase inhibitor combinations, whereas aminoglycosides, carbapenems, and
fluoroquinolones demonstrated relatively higher susceptibility rates. Notably, the majority of the isolates exhibited
multidrug resistance, with several showing high Multiple Antibiotic Resistance Index values that underscore the
significant antibiotic pressure in the clinical environment. These results highlight the urgent need for enhanced
antibiotic stewardship and continuous surveillance to inform targeted treatment strategies. The insights gained from
this study provide crucial data for developing effective interventions aimed at curbing the spread of multidrug-resistant

Published on: July, 2025

K. pneumoniae and ultimately improving patient outcomes in resource-limited settings.
Keywords: Antibiotic Resistance, Klebsiella pneumoniae, p-Lactamase, MARI, MDR

1.0 INTRODUCTION

1.1 Background Information

The overuse and misuse of antibiotics have given rise to
microorganism strains that are resistant to available
antibiotics creating 'superbugs' that are constituting a
menace to the global health (Salam et al., 2023). In 2019,
antimicrobial resistance (AMR) was reported to have
caused an estimated 4.95 million deaths globally (Murray
et al., 2022). The increase in resistance to antimicrobial
agents among common bacteria is jeopardizing the
successful clinical outcomes that was attributed to
antibiotic therapy. Additionally, the rate at which
resistance to antibiotics is developing and spreading
globally exceeds the strategies in place to alleviate the
crisis (Iskandar et al., 2022). This has led to the listing of
antibiotic resistance among the three most important
public health threats of the 21st century (Salam et al.,
2023). Antibiotics are antimicrobial agents used to
combat bacterial infections but unfortunately, these
organisms has developed the ability to withstand the
presnce of these agents leading to resistance (Muteeb et
al., 2023) . Antibiotic resistance (AMR) occurs as a result
of natural biological phenomenon that occurs among

these organisms in order to safeguard the lethal selection
pressure (Peterson and Kaur,2018). One of the most
successful bacterial strategies to evade the action of
antibiotics is the inactivation of the antibiotic molecule by
production of enzymes that inactivate the drug (Munita &
Arias, 2016). These enzymes can 1) chemically alter the
antibiotics as seen in aminoglycoside modifying enzymes
or 2) destroy the antibiotic molecule itself (Munita &
Arias, 2016; Peterson and Kaur, 2018). K. pneumoniae
has a number of mechanisms to counteract the effects of
antibiotics among which are possession of efflux pump
genes, which alter membrane porosity, the production of
inactivating enzymes, and modifications to the target site
(Li et al, 2023). Two major enzyme-mediated
mechanisms involved in resistance that have been
demonstrated in Klebsiella pneumoniae are the f-
lactamases-production and carbapenemases production,
infections caused by these strains are associated with
higher morbidity and mortality rates than non-resistant
strains (Karampatakis et al., 2023). Aminoglycoside
modifying enzymes have also been reported in Klebsiella
pneumoniae (Essalhi et al., 2024). In recent is the
emergence of virulence strains of Klebsiella which are
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attributed to capsules in encapsulated strains,
lipopolysaccharide,  siderophores and  fimbriae.
(Karampatakis et al., 2023). The spread and circulation of
these AMR phenonmenom is facilitated by biological
determinant which involves both horizontal and vertical
transfer of resistant genes as well as human determinant
such as over use of antibiotics in agriculture and
healthcare sector, migration and globalization (Salam et
al., 2023).

1.2 Statement of Problem

Antibiotic resistance among the Enterobacteriaceae is a
common phenomenon particularly with the B-lactams
antibiotics have been documented by several researchers
especially common among Escherichia coli and
Klebsiella pneumoniae that are important causes of
several systemic infections (Peterson and Kaur, 2018;
Lynch et al., 2021; Rong et al. 2023) . Klebsiella
pneumoniae is a Gram-negative encapsulated, sessile
bacterium from the family Enterobacteriaceae, it is one
of the main pathogens responsible for pneumonia
infection and is found in soil, surface waters, human stool,
gastrointestinal tract of patients, hospital environment
and can be responsible for nosocomial infection (Ashurst
& Dawson, 2023). In addition to pneumonia, Klebsiella
pneumoniae can invade other tissues and can cause
various infections such as cellulitis, meningitis, urinary
tract infections, liver abscesses, blood infections, skin and
wound infections. Klebsiella pneumoniae has become
notorious for causing serious and increasingly life-
threatening infections that are not responsive to
antibiotics treatments, this is due to the widespread of
hypervirulent and resistant strains and thus Multi-drug
resistant (MDR) K. pneumoniae has increasingly been a
major public health threat (Shah et al., 2025), leading to
high human and economic burden as a result of increased
morbidity, prolong hospital stay, high cost of treatment
and in extreme cases mortality (Itani et al.,2024).

1.3 Relevance of the study

Globally, several studies has reported antibiotic
resistance among Klebsiella pneumoniae isolated from a
wide range of clinical sources (Giubelan et al. 2021,
Oladipo et al. 2021) there is still need for continuous
surveillance of antimicrobial resistance among Klebsiella
pneumoniae through the collection of valid antimicrobial
resistance information which will aid the understanding
of their antibiogram profile to develop strategies to curb
the widespread dissemination and provide effective
empirical therapy to alleviate human burden and
suffering.

1.4 Obijective of the study
This study aim to investigate the antibiogram profile of
characterized Klebsiella pneumoniae isolates associated

with varying clinical samples within two selected
hospitals in llorin with the aim to design an effective
intervention stractegies in order to improve wellbeing.

2.0 MATERIALS AND METHOD

2.1 Materials

Nutrient Agar (NA), MacConkey Agar (MCA), Muller
Hinton agar (MHA), and oxidase strips were obtained
from Oxoid, England. Analytical Profile Index (API 20E)
kit, selected antibiotics discs (Mast Group Ltd), sterile
antibiotic disc dispenser (Mast Group Ltd in Merseyside,
UK).

2.2 Ethical Consideration

The ethical approval was issued by the State Ministry of
Health, llorin  with  the approval  number
ERC/MQOH/2023/03/095 after careful consideration of
the study protocol.

2.3 Sample Collection

A total of 150 samples were were collected from a
hospital in llorin. The type of samples colleted from
patients were urine (77), blood (51) and deep throat
sputum (22) were collected from the Pathology Unit,
Microbiology Laboratory of the two selected hospitals
from April, 2023 to June, 2023.

2.4 Isolation and Identification of Klebsiella isolates
Isolation of Klebsiella species were carried from
collected samples wusing standard bacteriological
protocols as described by Cheesbrough (2006). Samples
were cultured on MacConkey Agar and incubated 37°C
for 24 hours. Post 24 hours incubation, plates that yielded
distinct pink mucoid colonies due to their ability to
ferment lactose were deemed as presumptive Klebsiella
isolates. These isolate were purified by repeated
subculturing and preliminarily identified using Gram
reaction, and oxidase.

Further confirmatory identification was carried out on the
isolates using Analytical Profile Index (API 20E) kit and
the octal codes generated were interpreted using the
software as described by the manufacturer. Finally, pure
and identified Klebsiella pneumoniae were maintained on
sterile nutrient agar slants, and stored in the refridgerator
at 4°C until needed.

2.5 Determination of Antibiotic susceptibility testing
for Klebsiella pneumoniae isolates

The antibiotic susceptibility testing of confirmed
Klebsiella pneumoniae isolates was determined using
modified Kirby-Bauer disc-diffusion technique as
described by Ndzime et al. (2023) . Ten (10) parnel of
antibiotics of antibiotics including Ceftriaxone (5ug),
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Cefepime (30p0), Cefotaxime (5pn09),
Amoxicillin/Clavulanic acid (30ug), Ceftazidime (10ug),
Tobramycin (10ug), Imipenem (10ug), Levofloxacin
(5ug), Kanamycin (30ug), and Ampicillin/Sulbactam
(20ug) were used.

Standardaized inoculum of 0.5 McFarland turbidity
containing 1.5 x 108 CFU/mL of freshly subculltured test
bacteria were innoculated by swabbing using sterile
cotton swab on the surface of MHA and left to dry for 5
minutes. Aseptically, selected antibiotic discs were
placed on the MHA using a sterile antibiotic disc
dispenser Subsequently, the plates were incubated at
37°C for 18 hours, and the inhibition zone diameter for
each antibiotic was measured in millimeter using a meter
rule and interpreted using the EUCAST, 2022
interpretative chart which allows the classification of
isolates as sensitive “S” or resitant “R”.

2.5.1 Determination of Multiple Antibiotic Resistance
Index

The Multiple Antibiotic Resistance (MAR) Index was
determined according to the protocol of by Ndzime et al.
(2023). It was obtained by taking the ratio of the number
of antibiotics to which the Klebsiella pneumoniae isolates
exhibited resistance (a) to the total number of antibiotics
tested against the organism (b).

Given as;

MAR Index = a/b

2.5.2 Determination of Antibiotic Resistance
phenotypes

The Multiple Antibiotic Resistance (MAR) Index was
determined according to the protocol of by Konaté et al.
(2017). It was obtained by taking the combination of
antibiotics to which the Klebsiella pneumoniae isolates
exhibited resistance hence the determination of their
resistant phenotypes.

2.5.3 Determination of Antibiotic Resistance category
The Antibiotic Resistance catergory was determined
according to the protocol of by Magiorakos et al. (2011)
which classify It the Klebsiella pneumoniae isolates as
Multidrug resistant (MDR), Extensive Drug Resistant
(XDR) or Pandrug-resistant (PDR) Isolates.

2.6 Data Analysis

All data obtained were organized and analysed using
frequency, percentages, bar chart and tabular
presentations.

3.0 RESULT

3.1 Isolation and ldentification of K. pneumoniae
isolates

From the 150 non—duplicate samples collected and 49
Klebsiella pneumoniae isolates were identified from
urine 25 (51%), deep throat 21 (32.7%), and blood 8
(16.3%) with an overall isolation rate of 32.67 % as
shown in Table 1. The highest (77.6%) number of
Klebsiella pneumoniae isolates were otained from female
patients within the age range of 18- 40 years yielded the
highest number of 21 (42.9%) of isolates as presented in
Table 2.

Table 1: Distribution of Klebsiella pneumoniae Isolates by
specimen

Isolate Source No of Klebsiella
Samples pneumoniae
collected (n=49)
(n=150) No (%)

Urine 77 25 (51.0)

Blood 51 8 (16.3)

Deep throat 22 16 (32.7)

sputum

Total 150 49 (32.67)

Table 2: Percentage Distribution of Klebsiella pneumoniae isolates among age-group and gender

Age range (years) Subjects harboring Klebsiella pneumoniae isolates Total (%)
Male (%) Female (%)
0-17 2 (4.1) 7 (14.3) 9 (18.4)
18— 40 6 (12.2) 21 (42.9) 27 (55.1)
41 and above 3(6.1) 10 (20.4) 13 (26.5)
Total 11 (22.4) 38 (77.6) 49 (100)
3.2
Antibiotic Susceptibility Testing and Multiple ceftazidime, cefepime, and ceftriaxone showing

Antibiotic Resistance Index (MARI) of K.
pneumoniae Isolates

The Klebsiella pneumoniae
resistance to  cephalosporins,

isolates exhibit high
with  cefotaxime,

resistance rates above 70%. Beta-lactam/B-lactamase
inhibitor combinations (amoxicillin/clavulanic acid and
ampicillin/sulbactam)  also ~ demonstrate  limited
effectiveness, with over 60% resistance and a notable
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proportion of intermediate responses. These findings
indicate that cephalosporins and f-lactam inhibitors may
not be the best treatment choices for infections caused by
these isolates.

Among the tested aminoglycosides, tobramycin appears
to be the most effective, with 63.3% susceptibility, while

kanamycin ~ shows moderate  activity (42.9%
susceptibility). Carbapenems  (imipenem)  and
fluoroquinolones  (levofloxacin) also  demonstrate

relatively higher susceptibility rates (57.1% and 61.2%,
respectively) as shown in Table 3, making them more
promising options. However, their intermediate and
resistance rates still highlight the need for careful
selection based on susceptibility testing.

The phenotypic resistance pattern of Klebsiella
pneumoniae isolates indicates varying levels of resistance
to multiple antibiotics. The resistance profiles range from
non-multiple antibiotic resistance index (MARI) isolates
to those exhibiting high (=) MARI values as indicated in
Table 4. The increasing MARI values among 91.8 %
isolates suggest significant antibiotic pressure and the
potential spread of resistant clones. The presence of

resistance to last-resort antibiotics (IMI, K, LEV) is
alarming (Table 4) and highlights the need for stringent
antibiotic stewardship. The most resistant isolates (4.1%)
displayed resistance to nearly all tested antibiotics,
including B-lactams, carbapenems, aminoglycosides, and
fluoroquinolones.

3.3 Antibiotic Resistance category of Klebsiella
pneumoniae isolates

The distribution of Klebsiella pneumoniae isolates based
on antimicrobial resistance (AMR) levels is categorized
into non-multidrug-resistant (non-MDR), multidrug-
resistant (MDR), extensively drug-resistant (XDR), and
pandrug-resistant (PDR) groups. The majority of isolates
fall into the MDR category (59.2%), with a substantial
proportion exhibiting resistance to at least three antibiotic
classes. A smaller percentage of isolates are classified as
XDR (6.1%), demonstrating resistance to nearly all tested
antibiotic categories except for one. Meanwhile, PDR
(4.1%) isolates, which are resistant to all tested antibiotics
as shown in Figure 1, are the least common but present a
significant clinical challenge.

Table 3: Overall Antibiotic Susceptibility and Resistance Profile of K. pneumonia Isolates

Antibiotic Discs Number and percentage

(%) of Susceptible Isolates

Number and percentage
(%) of Resistant Isolates

Number and percentage
(%) of Intermediate

Isolates
Cefotaxime (5ug) 2(4.2) 46 (93.9) 1(2.0)
Ceftazidime (10ug) 1(2.0) 42 (85.7) 6 (12.2)
Cefepime (30u9) 2(4.1) 36 (73.5) 11 (22.4)
Ceftriaxone (5uQ) 3(6.1) 39 (79.6) 7(14.3)
Amoxicillin/Clavulanic Acid 5 (10.2) 30 (61.2) 14 (28.6)
(30mg)
Ampicillin/ Sulbactam 4(8.2) 30 (61.2) 15 (30.6)
(20p9)
Kanamycin (30g) 21 (42.9) 13 (26.5) 15 (30.6)
Tobramycin (10ug) 31 (63.3) 13 (26.5) 5(10.2)
Imipenem (10ug) 28 (57.1) 14 (28.6) 7(14.3)
Levofloxacin (5ug) 30 (61.2) 9 (18.4) 10 (20.4)
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Table 4: Phenotypic Resistance Pattern of Klebsiella pneumoniae Isolates

NO. OF
ORGANIS

ISOLATE CODE M PHENOTYPIC RESISTANCE PATTERN MARI
CP020 1 CAZ Non-MARI
AU013 1 CTX, AUG Non-MARI
GB069 1 CTX, CAZ Non-MARI
GB 029 1 CTX, SAM Non-MARI
CP039 1 CAZ, CPM, CRO 0.3
AU035, AU045 2 CRO, AUG, TN 0.3
AU024, GB 066, CP017 3 CTX, CAZ, CPM, CRO 0.4
GB 018 1 CTX, SAM, CAZ, AUG 0.4
CP031 1 CTX, CAZ, AUG, SAM, LEV 0.5
F026 1 CTX, CAZ, CPM, AUG, SAM 0.5
AU040, CP40 2 CTX, CAZ, CPM, CRO, AUG 0.5
F007, M022 2 CTX, CAZ, CPM, CRO, LEV 0.5
F008 1 CTX, CAZ, CPM, CRO, SAM 0.5
CP029 1 CTX, CAZ,CPM, CRO, TN 0.5
AU010 1 CTX, CAZ, CRO, SAM, AUG 0.5
CP048 1 CTX, CAZ, CRO, SAM, K 0.5
GB052 1 CTX, CPM, CRO, AUG, SAM 0.5
GB 051 1 CTX, LEV, SAM, CAZ, AUG 0.5
AU022, GB 050, F027, FO17 4 CTX, CAZ, CPM, CRO, AUG, SAM 0.6
CP019 1 CTX, CAZ, CPM, CRO, K, LEV 0.6
GBO076 1 CTX, CAZ, CPM, CRO, K, TN 0.6
AU008 1 CTX, CAZ, CPM, CRO, SAM, K. 0.6
F036 1 CTX, CAZ, K, TN, IMI, LEV 0.6
CP008 1 CTX, CPM, CRO, SAM, K, LEV 0.6
AU016 1 CTX, CAZ, CPM, CRO, AUG, K, TN 0.7
F021, FO40, M030, M047 4 CTX, CAZ, CPM, CRO, AUG, SAM, LEV 0.7
AU027, AU005, GBO77, CP035 4 CTX, CAZ, CPM, CRO, SAM, AUG, IMI 0.7
CPO11 1 CTX, CAZ, CRO, AUG, SAM, LEV, IMI 0.7
GB031 1 CTX, CPM, CRO, AUG, SAM, K, TN 0.7
GB055, GB006 2 CTX, CAZ, CPM, CRO, AUG, SAM, K, TN 0.8
F004 1 CTX, CAZ, CPM, CRO, AUG, SAM, K, TN, LEV 0.9
AU039 1 CTX, CAZ, CPM, CRO, SAM, AUG, K, TN, IMI 0.9
CP005, AU019 2 CTX, CAZ, CPM, CRO, AUG, SAM, K, TN, LEV, IMI 1.0

TOAL

N
O

Key; CTX- Cefotaxime, CAZ- Ceftazidime, CPM- Cefepime, CRO- Ceftriaxone, AUG- Amoxicillin/Clavulanic acid,
SAM- Ampicillin/Sulbactam, K- Kanamycin, TN- Tobramycin, LEV- Levofloxacin, IMI- Imipenem, of K. pneumoniae
Isolates
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Figure 1: Classification of Levels of AMR of Klebsiella
pneumoniae Isolates

4.0 DISCUSSION

Klebsiella pneumoniae has a high propensity to acquire
antimicrobial resistance genes that limits its treatment
options, it has the ability to acquire and transfer
antimicrobial resistance genes through plasmids,
transposons, integrons, and other mobile genetic elements
(Han et al., 2025). It causes a wide range of infections
using different virulence factors to colonize and spread in
the human body. The increasing antimicrobial resistance
has caused hindrance to clinical treatment and Infection
control, causing a menace in the health sector (Giubelan
et al., 2021). This study aims to provide information on
the resistance pattern of K. pneumoniae isolated from
selected hospitals within llorin.

The highest resistance was observed among the
cephalosporin and penicillin class, thirty-six (36) isolates
exhibited resistance to all the cephalosporins used while
the remaining isolates were resistant to at least one
cephalosporin, the highest was observed in cefotaxime
(93.9%), ceftaxidine (85.7%) and ceftriaxone (79.6%),
this is likely because of the widespread use of the
antibiotics in the empirical treatment of several
infections. High (61.2%) of the isolates were resistant to
amoxicillin/clavulanic acid and ampicillin/sulbactam
respectively, it was also observed that majority of the
isolates that were resistant to more than one
cephalosporins showed resistance to
amoxicillin/clavulanic acid or ampicillin/sulbactam or
both. Resistance to cephalosporins and co-resistance to
cephalosporin and penicillin concurs with the findings of
Santella et al., (2024) and probably suggest the presence
of Extended Spectrum Beta- Lactamases (ESBLS) such as
blaSHV, blaNDM, blaTEM, blaKPC, or bla CTX-M
(Awoke et al., 2021) capable of hydrolyzing such
antibiotics.

Moreso, 28.6% of the isolates showed resistance to
Imipenem. It was observed that all isolates resistant to
imipenem (28.6%) were also exhibited resistance to
cephalosporins and penicillins used. This may be
attributed to high leve of abuse, misuse and overuse and
possibly suggesting the presence of multiple resistance
genes in the K. pneumoniae such as ESBLs and
carbapenemases are able to hydrolyze carbapenems and
most  other beta-lactams. Some examples of
carbapenemases are KPC (class A), NDM, VIM, IMP
(class B), and OXA-48-like (class D) (Alvisi et al., 2025).
This co- resistance of Imipenem with cephalosporins
and/or penicillins observed in this study is in concordance
with Yang et al. (2020) which documented high
resistance among carbapenem-resistant  Klebsiella
pneumonia (CRKP) isolated from different clinical
samples in China over the years which are of great clinical
concern thus making the treatment difficult.

Furthermore, 18.4% isolates showed resistance all
selected classes of antibiotics used in this study including
levofloxacin. This exhibited multidrug resistance (MDR)
probably suggest the emergence of ESBLs and
carbapenem-resistant mediated by high level misuse of
these antibiotics leading to selective pressure within the
study area. This is in tandem with the finding of
Okesanya et al. (2024) among different clinical isolates
of K. pneumonia in Asaba, Delta state — Nigeria, however
with a higher percentage occurrence of 33.3%. Other
notable resistance observed was resistance to tobramycin
and kanamycin. Aminoglycoside resistance in K.
pneumoniae is primarily due to Aminoglycoside
Modyfying Enzymes (AMEs) which have three
subclasses AACs, APHs and ANTSs, uncommon genes
include the 16S-RMTases such as ArmA and RMTases.
One of the AMEs that have been characterized from K.
pneumoniae isolates that exhibited resistance to
tobramycin and kanamycin is aac (6”) Il enzyme (Vaez
and Yazdanpour, 2024) posing serious threat to treatment.

K. pneumoniae isolates (38.8 %) in this study had
multiple antibiotic resistance (MAR) index of > 0.3
ranging from 0.3 to 1.0 for ten (10) selected antibiotics
belonging to different classes. This might be due to high
level selective pressure and environmental contamination
with antibiotics thus increasing the circulation of resistant
bacteria within the study area. This is comparative to the
31. 57% reported in Nasarrawa state (Ashefo et al.,
2023). However, Oladipo et al.2021) reported a higher
MAR Index of 82.87% from clinical isolates of K.
pneumoniae isolated from inpatients from selected health
facilities in Oyo State, suggesting varying antimicrobial
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resistance across different areas. The use of the MAR
Index is therefore described as a cost-effective and valid
method to track the source of bacteria (Mir et al., 2022).

Thirty- three (33) diffeernt antibiotics resistance
phenotypes was observed in this study, this differ with
the report of Ashefo et al. (2023) who reported 19
different antibiotics resistance phenotypes. This may
probably be due to a wide variety of resistant K.
pneumoniae circulation within the the study area, posing
serious health concern, prolong hospital stay thus
increasing economic and social burden.

5.0 CONCLUSION

The prevalent types of K. pneumoniae resistance from
isolates in llorin hospitals was determined to be in the
Cephalosporins and Penicillin  class, the highest
resistance was observed in the cephalosporin class
specifically Cefotaxime while the highest susceptibility
was observed in Levofloxacin followed by Imipenem and
Tobramycin. The incidence of carbapenem and
aminoglycoside resistance in the area is of great health
concern because they are considered as last resort and not
easily available.  Further research into molecular
characterization of the resistant genes in the isolates is
needed to better understand the mechanisms of resistance
and to help in the surveillance and development of novel
drugs that will bypass already established mechanisms of
resistance.
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