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Abstract 
 
Klebsiella (k.) pneumoniae is a bacterial pathogen associated with multidrug resistant (MDR) and 
difficult-to-treat infections, high morbidity and mortality in both hospital and community settings. 
This study evaluated the antibiotic resistance indices of hospital-acquired K. pneumoniae (HA-Kp) and 
community-acquired K. pneumoniae (CA-Kp) isolates obtained from patients attending University of 
Calabar Teaching Hospital, Calabar, Nigeria. A total of 32 isolates of K. pneumoniae, confirmed by 
Vitek 2 Compact system® (bioMérieux, Marcy L’Étoile, France), were subjected to antibiotic 
susceptibility testing using Kirby-Bauer disc diffusion method. Multidrug resistance (MDR) and 
multiple antibiotics resistance (MAR) indices of the isolates were evaluated. High rates of antibiotic 
resistance ranging from, 18.7% to 78.1%, were found among the isolates with the highest susceptibility 
to Piperacillin/Tazobactam (81.3%). The prevalence of MDR among the isolates was 46.8%. Although 
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a higher proportion of the MDR strains were HA-Kp isolates, high MAR indices in the range of 0.3 to 
1.0 were found for both HA-Kp and CA-Kp isolates. The high MAR indices of the isolates may be an 
indication of indiscriminate use of antibiotics, associated with heavy contamination, in the hospital and 
community environments. Avoidance of empirical use of antibiotics, particularly for prophylaxis and 
clinical management of infections, would likely contribute to reduction in the prevalence of MDR 
pathogens, including K. pneumoniae. 
 
Keywords: Klebsiella pneumoniae, hospital-acquired and community-acquired strains, 
multidrug resistance, multiple antibiotics resistance index. 
 
 
INTRODUCTION 
Klebsiella Pneumoniae is a common opportunistic bacterial pathogen that affects mostly persons 
with weakened immune systems and tends to cause hospital-acquired (HA) infections 
(Dorman et al., 2017). The organism is an encapsulated, lactose-fermenting, Gram-negative, 
bacterium reported to develop resistance to antibiotics faster than many other bacterial 
pathogens, and often associated with multidrug resistant infections (Munita and Arias, 2016). 
Infections caused by K. pneumoniae are characteristically difficult to treat, with consequence of 
high morbidity, mortality and huge cost implications.  Current evidence 
implicates plasmids as the primary source of the resistance genes (Hudson et al., 2014). 
Klebsiella species with the ability to produce extended-spectrum beta-lactamases (ESβLs) are 
resistant to virtually all beta-lactam antibiotics, including carbapenems. Since 1966, when the 
first case of carbapenemase-producing K. pneumoniae (Klebsiella pneumoniae Carbapenemase), 
was identified in North Carolina-USA (Yigit et al., 2001), other related antibiotic-resistance 
enzymes such as Metallo-beta-lactamase, New Delhi Metallo-beta-lactamase-1, Imipenemase, 
and Verona Integron-mediated Metallo-beta-lactamase have been reported in K. 
pneumoniae strains (Pitout et al., 2015).  
 
The increasing prevalence of multidrug resistant K. pneumoniae strains in both hospital and 
community settings pose serious therapeutic challenges that heighten treatment costs, 
morbidity and mortality globally. Studies carried out in most parts of Nigeria have reported 
increasing prevalence of antibiotic-resistant K. pneumoniae strains, particularly the extended-
spectrum beta-lactamase (ESBL)-producers (Ayorinde et al., 2021; Asuquo et al., 2022; Ezeh et 
al., 2024). This study evaluated the antibiotic resistance indices of K. pneumoniae strains 
acquired from both hospital and community settings in Calabar, Nigeria. 
 
MATERIALS AND METHODS 
 
Study isolates and Identification 
A total of 32 confirmed isolates of K. pneumoniae were collected for this study, with 18 (56.2%) 
categorized as hospital-acquired (HA-Kp) strains, while 14 (43.8%) were community-acquired 
strains (Table 1). The isolates were previously recovered from from urine, sputum and 
wounds specimens of patients attending University of Calabar Teaching Hospital, Calabar, 
Nigeria. The identity of the isolates were confirmed using Vitek 2 Compact system® 
(bioMérieux, Marcy L’Étoile, France), according to the manufacturer’s instructions.  
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Table 1: K. pneumoniae isolates 
Strains Number (%) of isolates 

HA-Kp 
 
CA-Kp 
 
Total 
 

18 (56.2) 
 
14 (43.8) 
 
32 (100) 

 
Antimicrobial susceptibility testing of Klebsiella pneumoniae isolates. 
Antibiotic susceptibility testing of K. pneumoniae isolates was carried out using Kirby-Bauer 
disc diffusion method, as described by Umoh et al., 2023 . Even spreads of the isolates were 
made on Mueller Hinton agar plates using sterile swab sticks, followed by aseptic placement 
of antibiotics discs, including gentamicin (10μg), ciprofloxacin (5μg), meropenem (10µg), 
amoxicillin/clavulanate (30μg), piperacillin/tazobactam (30μg) and ceftriaxone (30μg).  The 
plates were incubated at 37oC for 24 hours, and examined for clear zones of inhibition of the 
bacterial growth around the discs. The zones diameters were measured using a caliper and 
interpreted according to the Clinical and Laboratory Standard Institute guidelines (CLSI, 
2021). 
 
Determination of multiple antibiotic resistance (MAR) index 
The multiple Antibiotic Resistance (MAR) index of an isolate was determined by the ratio of 
the number of antibiotics the isolate showed resistance and the total number of antibiotics 
tested against the isolate (Olayinka et al., 2005) 
          MAR index =  Number of antibiotics an isolate is resistant to           
   Total number of antibiotics tested against the isolate   
 
Determination of multidrug resistance 
Multidrug resistance of the isolates was defined by resistance of an isolate to 3 or more classes 
of antibiotics tested against the isolate. 
 
Data analysis 
Proportions and resistance indices of K. pneumoniae isolates obtained in this study were 
stratified according to Hospital- acquired (HA-Kp) and community-acquired (CA-Kp) strains, 
and expressed in frequencies and percentages.  
 
RESULTS 
 
Antibiotic Resistance profiles of the K. pneumoniae isolates 

Antibiotic resistance profiles of K. pneumoniae isolates are presented in Table 2.  
In ascending order of resistance to the selected antibiotics, resistance rates of 18.7%, 21.9%, 
25.0%, 31.2%, 34.3%, 50.0% and 78.1% were found for the isolates against 
piperacillin/tazobactam, meropenem, amoxicillin/clavulanic acid, ciprofloxacin, cefuroxime, 
ceftriaxone and gentamicin, respectively. The HA-Kp strains exhibited a higher rates of 
resistance to the antibiotics than the CA-Kp isolates. However, both strains were most 
resistant to gentamicin, while the least resistance was shown against piperacillin/tazobactam. 
 
Prevalence of MDR K. pneumoniae strains among the study isolates 

Out of 32 K. pneumoniae isolates, a total of 15 (46.8%) were found to be MDR strains, based on 
resistance to 3 or more classes of antibiotics.  Stratification of the MDR isolates showed that 
10(66.7%) were HA-Kp, while only 5(33.3%) were CA-Kp strains. A total of 5(33.3%) of the 
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MDR strains were resistant to 5 classes of antibiotics, while 4 (26.7%) and 6 (40.0%) were 
resistant to 4 and 5 classes of antibiotics, respectively (Table 3). 
 
Table 2: Antibiotic resistance profile of K. pneumoniae isolates (n=32) 

K. Pneumoniae isolates  Number of isolates (antibiotic resistance %) 

*TZP CIP CRO CN AUG MEM CXM 

HA-Kp  
[n=18] 
 
CA-Kp 
[n=14] 
 
Total 

4 (16.7) 
 
2 (14.2) 
 
6 (18.7) 

6 (33.3) 
 
4 (28.5) 
 
10 (31.2) 

10 (55.6) 
 
6 (42.9) 
 
16 (50.0) 

15 (83.3) 
 
10 (71.4) 
 
25 (78.1) 

5 (27.8) 
 
3 (21.4) 
 
8 (25.0) 

4 (22.2) 
 
3 (21.4) 
 
7 (21.9) 

6 (33.3) 
 
5 (35.7) 
 
11 (34.3) 

*TZP- Piperacillin/tazobactam (30μg); CIP- Ciprofloxacin (5μg); CRO- Ceftriaxone (30μg); CN-Gentamycin 
(10μg); AUG- Amoxicillin/clavulanate (30μg); MEM- Meropenem (10μg); CXM- Cefuroxime (30μg). 

 
Table 3: Prevalence of MDR strains among K. pneumoniae isolates (n=32) 

*Classes of antibiotics Number (%) of  MDR strains Preval- 
ence %  HA-Kp CA-Kp Total 

R5: TZP AUG CIP CRO CXM CN MEM 
R5: AUG CIP CRO CXM CN MEM  
R4: CIP AUG CRO CXM CN 
R3: CRO CN CIP CXM  
Total 

2(13.3) 
2(13.3) 
2(13.3) 
4(26.7) 
10(66.7) 

0(0.0) 
1(6.7) 
2(13.3) 
2(13.3) 
5(33.3) 

2 (13.3) 
3 (20.0) 
4 (26.7) 
6 (40.0) 
15 (100) 

6.2 
9.4 
12.5 
18.7 
46.8 

*R5, R4 and R3 were used to denote resistance to five, four, and three classes of antibiotics, respectively. 

 
Multiple antibiotics resistance index of K. pneumoniae isolates 

The MAR index analysis, as presented in Table 4, showed high indices greater than 0.2, with 
values ranging from 0.3-1.0, for isolates of K. pneumoniae in this study. No isolate was found 
with value less than or equal to 0.2, but 2 (6.2%) isolates- one each for both HA-Kp and CA-
Kp strains- had absolute index of 1. However, the MAR indices of HA-Kp strains were 
generally found to be higher than that of the CA-Kp strains. 
 
Table 4: Multiple antibiotics resistance index of K. pneumoniae isolates (n=32) 

No. of antibiotics 
resistance shown by an 
isolate 

MAR index No. (%) of isolates 

HA-Kp CA-Kp Total 

1 
2 
3 
4 
5 
6 
7 

0.1 
0.3 
0.4 
0.6 
0.7 
0.9 
1.0 

0 (0.0) 
2 (6.2) 
4 (12.5) 
5 (15.6) 
4 (12.5) 
2 (6.2) 
1 (3.1) 

0 (0.0) 
3 (9.4) 
4 (12.5) 
4 (12.5) 
1 (3.1) 
1 (3.1) 
1 (3.1) 

0 (0.0) 
5 (15.6) 
8 (25.0) 
9 (28.1) 
5 (15.6) 
3 (9.4) 
2 (6.2) 

 
Discussion 
Klebsiella pneumoniae infections are characteristically multidrug resistant and difficult to treat, 
with huge cost implications, high morbidity and mortality (Caneiras et al., 2019). The organism 
is reported to develop resistance to antibiotics faster than many other bacteria (Donelli and 
Vuotto, 2014; Munita and Arias, 2016). In this study, high rates of antibiotic-resistance, 
ranging from 18.7 -78.1%, were found among K. pneumoniae isolates, with the least and highest 
susceptibility to gentamicin and piperacillin/tazobactam, respectively. The resistant rates of 
K. pneumoniae isolates in this study are consistent with the rates reported for the pathogen in 
different parts of Nigeria (Akinyemi et al., 2021; Umoh et al., 2023; Ezeh et al., 2024). In spite of 
the high resistance of the isolates to the commonly used antibiotics in this study, a relatively 
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high susceptibility to betalactamase inhibitor combinations was found.  Although the isolates 
were slightly less sensitive to Amoxicillin/clavulanate in this study, the high susceptibility to 
piperacillin/tazobactam, a similar beta-lactamase inhibitor combination, aligns with a study 
report in Lagos, where all the isolates were susceptible to Amoxicillin/clavulanate (Akinyemi 
et al., 2021). 
 
The prevalence of MDR strains among the isolates was 46.8%, with the HA-Kp strains 
accounting for a higher proportion of 66.7%, compared to 33.3% of the CA-Kp strains. 
Although higher than the global prevalence range of 0.13-22%, the prevalence rate of MDR-
Kp in this study was low compared to 62.8% prevalence reported in Lagos, Southwest Nigeria 
(Akinyemi et al., 2021). The predominance of MDR strains of HA-Kp over that of the CA-Kp 
in this study may be a direct consequence of frequent empirical usage of antibiotics for 
prophylaxis and management of infectious diseases in the hospital setting. Whichever the 
setting, however, hospital or community, indiscriminate use of antibiotics is known to 
promote rapid development of drug-resistant pathogens (Fouz et al., 2020). 
 
The MAR indexing of K. pneumoniae isolates in this study revealed high values ranging from 
0.3 to 1.0 for both HA-Kp and CA-Kp strains, which represents widespread abuse of 
antibiotics in the hospital and community settings, with likelihood of increasing antibiotic 
drug resistance and treatment failures in the population. MAR indices greater than 0.2 are 
usually indicative of pathogens acquired from highly contaminated environments with 
indiscriminate use of antibiotics (Sandhu et al., 2016).  
 
CONCLUSION 
High rates of antibiotic resistance ranging from 18.7 -78.1% was found, with MDR percentage 
of 46.8%, among the isolates. While a higher proportion of the MDR strains were HA-Kp 
isolates, high MAR indices (0.3-1.0) were found among both HA-Kp and CA-Kp isolates, 
which may indicate indiscriminate use of antibiotics associated with heavy contamination in 
both the hospital and community settings. Avoidance of empirical use of antibiotics, 
particularly for prophylaxis and clinical management of infections, would likely contribute to 
reduction in the prevalence of multidrug resistant pathogens, including K. pneumoniae. 
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