Worku et al. BMC Infectious Diseases (2024) 24:917 BMC Infectious Diseases
https://doi.org/10.1186/512879-024-09811-1

Check for
updates

Prevalence and antimicrobial susceptibility
pattern of Klebsiella pneumoniae

isolated from various clinical specimens

at the University of Gondar Comprehensive
Specialized Hospital, Northwest Ethiopia

Minichil Worku', Solomon Belay', Tigist Molla', Melak Aynalem? and Muluneh Assefa®"

Abstract

Background K. pneumoniae become multidrug-resistant (MDR) and commonly poses a serious health threat to
patients due to limited therapeutic options. As a result, determining the prevalence and antimicrobial susceptibility
patterns of K. pneumoniae isolates from clinical specimens is substantial to patient diagnosis and treatment.

Methods and materials A retrospective cross-sectional study was conducted from July 2021 to July 2022 at the
University of Gondar Comprehensive Specialized Hospital, Northwest Ethiopia. Sociodemographic and laboratory
data were collected from registered books using a data collection sheet. All types of samples were collected

and processed using standard procedures. Identification of K. pneumoniae was done using Gram stain, colony
characterization on culture media, anda series of biochemical tests. Antimicrobial susceptibility testing was done by
the Kirby Bauer disc diffusion technique. The data were entered using Epi-info version 7 and exported to SPSS version
20 for analysis.

Results Among 2600 clinical specimens, 735 (28.3%) were positive for bacteria, and K. pneumoniae isolates
accounted for 147 (20%). Most of them were isolated from neonates and mainly obtained from blood specimens
(81.6%). These isolates were 100% resistant to Nalidixic acid, Cefotaxime, and Cefazolin. About 84% and 83.3% of the
isolates were also resistant to Ceftriaxone and Tetracycline, respectively. However, they are sensitive to Nitrofurantoin
(86.6%), Imipenem (85.7%), Meropenem (79%), and Amikacin (78.3%). The overall proportion of MDR K. pneumoniae
isolates accounted for 57.1%.

Conclusion The magnitude of MDR K. pneumoniae was very alarming. Therefore, strengthening antimicrobial
stewardship programs and antimicrobial surveillance practices is strongly recommended in the study area.
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Background

Klebsiella pneumoniae is a Gram-negative bacterium
that belongs to the family Enterobacteriaceae [1]. It is a
predominant hospital-acquired opportunistic pathogen,
responsible for 30% of all gram-negative bacterial infec-
tions, and causes bloodstream infections, pneumonia,
urinary tract infections (UTIs), meningitis, pyogenic
liver abscesses, and wounds [2, 3]. The globalspread use
of antimicrobials in clinical practice has led to the emer-
gence of drug-resistant bacterial pathogens contributing
to increased morbidity and mortality [4].

Nowadays, K. pneumoniae strains are recognized as
an urgent threat to human health because of the emer-
gence of multi-drug resistant (MDR) strains associated
with hospital outbreaks [5]. According to the European
antimicrobial resistance surveillance network for 2019,
more than one-third (36.6%) of K. pneumoniae isolates
were reported to be resistant to at least one of the anti-
microbial groups (Fluoroquinolones, third-generation
Cephalosporins, Aminoglycosides, and Carbapenems)
under regular surveillance [6]. A national sentinel site
surveillance reported that the resistance to antibiot-
ics in K. pneumoniae reached 68.3% in South Africa [7].
Mechanisms of acquiring antibiotic resistance in K. pneu-
moniae related to plasmids and transposons encoding
various enzymes and efflux pumps, mutations in different
proteins (B-lactamases, efflux proteins, outer membrane
proteins, gene replication enzymes, protein synthesis
complexes, and transcription enzymes), and biofilm for-
mation [8].

Concerning Ethiopia, factors such as insufficient sur-
veillance, limited diagnostic laboratories, and resource
constraints have limited resistance profiling of the etio-
logical agents responsible for leading causes of hospital-
ization. A systematic review and meta-analysis report
in Ethiopia showed an overall Klebsiella resistance of
53.75% with the highest resistance to Ampicillin (90.56%),
followed by Amoxicillin (76.01%) and Trimethoprim-sul-
famethoxazole (66.91%) [4]. Since an increased MDR K.
pneumoniae infections in hospital and community set-
tings, and its burden in the study areanot yet described,
this study determined the prevalence and antimicrobial
susceptibility pattern of K. pneumoniae in various clinical
specimens. This would be beneficial for medical practi-
tioners to avoid empirical treatment and select effective
antibioticthat minimizes the emergence of drug-resistant
bacterial strains.

Methods and materials

Study setting, period, and design

A retrospective cross-sectional study was conducted at
the University of Gondar Comprehensive Specialized
Hospital (UoGCSH), Gondar from July 2021 to July 2022.
Gondar town is in the northern part of Ethiopia, Amhara
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National Regional State. Gondar is 747 km from Addis
Ababa and 170 km from the regional capital, Bahir Dar.
According to the central statistics agency, the town has a
total population of 315,856(154,767 females and 161,087
males). The UoGCSHis one of the biggest tertiary-level
teaching hospitals in the region with more than 500 beds.
The hospital is used as a referral center for more than
10 million people in its catchment population [9].

Study population

All patients came to UoGCSH for health services during
the study period with recorded necessary information.
Data recorded from July 2021 to July 2022 in the microbi-
ology culture registration book have at least sex, age, and
ward type where the specimen come from were included
in the study. Data recorded with incomplete age, sex, and
ward type was excluded from the study.

Data collection

Data was collected using a retrospective review of one-
year (July 2021 to July 2022) laboratory records of various
specimen cultures from patients from all departments
and units of the UoGCSH. We used a data collection
form to collect patients’ sociodemographic and labora-
tory data such as age, sex, ward type/patient location,
specimen type, culture results, the isolated bacteria, and
antimicrobial susceptibility pattern results from the labo-
ratory record books.

Laboratory methods

Sample processing and identification of bacterial isolates
Blood samples (10 mL for adults, 3 mL for children, and
0.5-1 mL for neonates) for cultures were obtained from
each patient who developed a fever at the time of diag-
nosis. Blood samples were drawn from two different sites
of peripheral veins aseptically (disinfecting with 70%
alcohol and 2% tincture of iodine) by experienced nurses
before any antibiotic use. The collected blood samples
were then transferred into culture bottles of sterile Tryp-
tic Soya Broth (Oxoid Ltd., Basingstoke, UK). Bottles
were incubated at 37 °C for 7 days and observed for signs
of bacterial growth (turbidity, hemolysis, clot forma-
tion) daily for up to 7 days. Bottles that showed signs of
growth were gram-stained and sub-cultured on blood
agar, chocolate agar, MacConkey agar, and mannitol salt
agar (Oxoid Ltd., Basingstoke, UK). These plates were
then aerobically incubated for 18-24 h at 37 °C. A blood
sample containing broth with no bacterial growth after 7
days was sub-cultured before being reported as a nega-
tive result. Specimens from wounds and body fluids were
cultured on MacConkey agar, 5% sheep blood agar, and
chocolate agar, but urine was only inoculated on Cystine
Lactose Electrolyte deficient agar if there was any growth
subculture on MacConkey agar and 5% sheep blood agar.
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After incubation of all inoculated culture plates at
35-37 C for 18-24 h, preliminary identification of bac-
terial isolates was based on the colony morphology and
Gram staining reaction. Thus, the identified isolates
underwent biochemical tests (indole, citrate, triple sugar
iron agar, oxidative/fermentative, urease test, coagu-
lase test, catalase, and oxidase test for confirmation).
The presence of K. pneumoniae was confirmed by vari-
ous phenotypic tests that included: gram-negative bacilli,
catalase positive, oxidase negative, non-fastidious, lac-
tose fermentative, gas positive, hydrogen sulfide nega-
tive, hemolysis negative, growth at 37 °C, urease positive,
indole negative, citrate positive, motility negative, and
utilization of 10% lactose positive.

Antimicrobial susceptibility testing

All K.pneumoniae isolates were investigated for AST
against Amikacin (30 pg), Amoxicillin/Clavulanic acid
(30/10pg), Cefotaxime (30 pg), Ceftriaxone (30 ug),
Gentamicin (10 pg), Meropenem (10 pg), Piperacillin/
Tazobactam (100/10pg), Tobramycin (10 pg), Tetracy-
cline (30 pg), Ciprofloxacin(5 pg), Piperacillin (100 pg),
Nitrofurantoin (50 pg), Nalidixic acid (30 pg), Imipenem
(10 pg), Ertapenem (10 pg), Chloramphenicol (30 pg),
Ceftazidime (30 pg), Cefazolin (4 pg), and Trimethoprim-
Sulfamethoxazole(1.25+23.75 pg) (Abtek Biologicals,
Ltd., Liverpool, UK) following the Kirby—Bauer method
on Mueller-Hinton agar (Oxoid Ltd., Basingstoke, UK).
A suspension of the test organism was prepared in pep-
tone water and matched to 0.5 McFarland standards for
AST. With the help of a sterile cotton swab, a lawn cul-
ture of the suspension was made on a Mueller—Hinton

Table 1 Sociodemographic characteristics of the study
participants

Variable Category Frequency Percent
Sex Male 1525 587
Female 1075 413
Age category <28days 573 220
Imonth-15 years 943 36.3
16-30 years 494 19.0
31-45 years 249 9.6
>46 years 341 13.1
Patient location NICU 769 29.6
Pediatric emergency 470 18.1
ICU 148 5.7
Adult emergency 452 174
Ward 761 293
Specimen types Blood 1864 71.7
Urine 358 13.7
Wound 84 32
Body fluids 294 1.3
Total 2600 100

Note NICU Neonatal Intensive Care Unit, /CU Intensive Care Unit
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agar plate. Antibiotic discs were placed, maintaining a
25 mm distance between the two discs, and were incu-
bated at 37 C for 24 h. After overnight incubation, the
zone of inhibition was measured for each antibiotic, and
the results were interpreted as sensitive, intermediate,
and resistant based on Clinical and Laboratory Standards
Institute guidelines, 2022. Isolates not susceptible to at
least one agent in three or more antibiotic classes were
categorized as multidrug-resistant [10].

Quality control

All media and reagents used in this study were tested and
verified for sterility and performance. For AST, the qual-
ity was assured using the control strains of E. coli ATCC
25,922 and S. aureus ATCC 25,923. To avoid technical
errors that would be encountered during data collec-
tion, internal quality control was done. The data collec-
tion format of each data collector was checked daily for
completeness of missed or other relevant information on
meetings and supervision during data collection as well
as by the principal investigators.

Data analysis

The collected data was entered into Epi-info version 7
and analyzed using SPSS version 20. Descriptive statistics
were performed to correlate the sociodemographic char-
acteristics of the participants and the bacteriological and
antimicrobial susceptibility profiles of the isolates. The
results were presented by percentage (%) and number
using a table and chart.

Results

Sociodemographic characteristics of the study participants
A total of 2600 clinical specimens from patients sus-
pected of bacterial infection were analyzed in the bacte-
riology laboratory at the UoGCSH. The male-to-female
ratio of patients was1.42:1, with 1525/2600 (58.7%) being
male. The mean age of the study participants was 25.52
with a standard deviation of 21.72, with a minimum
age of 1 day and a maximum age of 96 years. Among
age groups, the pediatric age groups were the predomi-
nant, which was 943/2600 (36.3%), followed by neonates
accounted for 573/2600 (22%). Based on the patient loca-
tion, NICU and General Ward accounted for the high-
est number, which was 769/2600 (29.6%) and 761/2600
(29.3%), respectively. Most of the clinical specimens
processed were blood and urine, which accounted for
1864/2600 (71.7%) and 358/2600 (13.8%), respectively
(Table 1).

Bacterial isolates from various clinical specimens

Among various clinical specimens, the culture positiv-
ity rate was higher in wounds; 44/84 (52.4%) followed
by blood; 608/1864 (32.6%) (Fig. 1). The overall culture
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Fig. 1 Culture positivity results from various clinical specimens of the
study participants

Table 2 Distribution of organisms isolated from different clinical

specimens

Organisms Number (%)
Gram-positive cocci 413(56.2%)
K. pneumoniae 147(20%)

E. coli 82(11.1%)
Acinetobacterspp. 35(4.8%)
Pseudomonas spp. 32(4.4%)
Yeast cells 22(3%)
Proteus spp. 4(0.5%)

Total 735(100%)

Table 3 Characteristics of patients from which K. pneumoniae
were isolated

Variable Category Total Percent
Sex Male 82 558
Female 65 442
Age category <28 days 65 44.2
1 month-15 years 45 306
16-30 years 16 10.9
31-45 years 8 55
>46 years 14 8.8
Patient location NICU 84 57.1
Pediatric emergency 17 116
Adult emergency 11 75
ICU 6 4.1
Wards 29 19.7
Specimen type Blood 120 81.6
Urine 19 13
Wound 5 34
Body fluids 3 2
Total 147 100

Note NICU Neonatal Intensive Care Unit, /CU Intensive Care Unit

positivity rate in this study was 735/2600 (28.3%), and
Gram-positive cocci accounted for 413/735 (56.2%),
while Gram-negative organisms were 300/735 (40.8%).
Yeast cells were also recovered at the rate of 22/735
(3%). Among the isolated Gram-negative organisms, K.
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pneumoniae was the predominant, which accounted for
147/735 (20%), followed by E. coli 82/735 (11.2%), Aci-
netobacter spp. 35/735 (4.8%), and Pseudomonas spp.
32/735 (4.4%) (Table 2).

Prevalence of K. pneumoniae by age, specimen, and ward
A high prevalence of K. pneumoniaewas isolated among
neonatal age groups followed by pediatric age groups,
which were 65/147 (44.2%) and 45/147 (30.6%), respec-
tively. The NICU and General Wards were the predomi-
nant isolation areas for K. pneumoniae, which accounted
for 84/147 (57.1%) and 29/147 (19.7%). Among processed
clinical specimens, blood and urine were predominantly
the sources of K. pneumoniae, 120/147 (81.6%) and 19/47
(13%), respectively (Table 3).

Antimicrobial resistance profile of K. pneumoniae

Different routinely used antimicrobial agents were tested
against K. pneumoniae and experienced significant resis-
tance to Nalidixic acid, Cefotaxime, and Cefazolin, with
the rate of 4/4(100%), 17/17(100%), and 13/13(100%),
respectively. A significant level of resistance was also
observed by Ceftriaxone79/94(84%), Tetracycline 5/6
(83.3%), Piperacillin 18/23(78.3%), Trimethoprim-Sul-
famethoxazole, 51/70 (72.8%). However, antimicrobial
agents such as Nitrofurantoin, Imipenem, Meropenem,
and Amikacin were effective againstK. Pneumoniae with
a percentage of 13/15 (86.6%), 6/7(85.7%), 90/114(79%),
and 47/60 (78.3%), respectively, whereas the overall mul-
tidrug-resistance among all tested K. pneumoniae isolates
was 84/147 (57.1%) (Table 4).

Discussion

K. pneumoniae is one of the most common bacteria
thatcauses infections in hospitalized patients [11]. Its
resistance to multiple antibiotics poses an urgent threat
to human health by the World Health Organization and
the Centers for Disease Control and Prevention [12]. It
is rapidly becoming untreatable using even last-line anti-
microbials, especially in hospital settings [5], suggesting
the need for continuous surveillance of antimicrobial
resistance patterns. The selection of effective antibiotics
is very important for the treatment of nosocomialinfec-
tions caused by K. pneumoniae. This study focused on the
magnitude and antimicrobial resistance profile of clinical
K. pneumoniae isolates in all types of infections.

In this study, the rate of culture positivity among
the collected samples was 28.3% and the prevalence of
K.pneumoniae was 20.18%. This finding was in line with
a study conducted in Iran (20.2%) [13], Iraq (20.8%) [14],
and Pakistan (20%) [15]. Our finding was higher than a
study conducted in India 18% [16], Indonesia 17.36% [17],
Madinah, Saudi Arabia 4% [18], Iran (10.2%) [19], East-
ern Ethiopia (15%) [20], and Southwest Ethiopia (14.9%)
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Table 4 Antimicrobial susceptibility patterns of K. pneumoniae (N=147)
Antimicrobial agents Number of tested isolates Sensitive Intermediate Resistant

N (%) N (%) N (%)
Amikacin 60 47 783 3 5 10 16.7
Trimethoprim-Sulfamethoxazole 70 17 243 2 29 51 72.8
Tobramycin 28 9 321 0 0 19 67.9
Tetracycline 6 0 0 1 16.7 5 833
Piperacillin/Tazobactam 61 35 574 7 11.5 19 31.1
Piperacillin 23 4 174 1 43 18 783
Nitrofurantoin 15 13 86.6 1 6.7 1 6.7
Nalidixic Acid 4 0 0 0 0 4 100
Meropenem 114 90 79 4 35 20 17.5
Imipenem 7 6 85.7 0 0 1 14.3
Gentamicin 105 36 34.28 1 0.95 68 64.76
Ertapenem 3 1 333 0 0 2 66.7
Ciprofloxacin 94 41 43.6 4 4.2 49 52.2
Chloramphenicol 52 27 519 1 1.9 24 46.2
Ceftriaxone 94 15 16 0 0 79 84
Ceftazidime 46 17 25.8 2 3 47 712
Cefotaxime 17 0 0 0 0 17 100
Cefazolin 13 0 0 0 0 13 100
Amoxicillin/Clavulanic acid 20 7 35 4 20 9 45
Multi-drug resistance 147 84 57.1

[21]. However, it was lower than a study conducted in
Iran which was (88.7%) [22], Pakistan (40%) [23], and the
United Arab Emirates 36% [24]. This discrepancy might
be due to variations in geographic location, sample size,
study design, study period, anddiagnostic methods.

The proportion of K. pneumoniae was higher in males
than in females, which was 55.8% and 44.2%, respec-
tively. This finding was in line with a study conducted in
Indonesia [17], India [25], India in 2010 [13], and Saudi
[18]. Another study suggested that females had a higher
prevalence rate of K. pneumoniae than males [26]. This
discrepancy is difficult to explain and could be due to
variations in the sample collection, study design, sample
population, inclusion criteria of patients, environmental
factors, and personal hygiene.

In the present study, the prevalence of K. pneumoniae
was high in neonates. This might be because neonates
have a chance of getting a risk of infection due to low
immune status. According to our findings, the high prev-
alence of K. pneumoniae was isolated in blood cultures,
followed by urine, wounds, and body fluids. This find-
ing was supported by a study conducted in Ethiopia [2]
and India [27]. Other studies revealed a high prevalence
of K.pneumoniae was observed in wound samples [17,
18, 28, 29]. The variation inthe frequency of isolation of
K.pneumoniae from different samples may be due to dif-
ferences in the sample size, type and severity of infection,
and quality of specimen collection.

K. pneumoniae isolates were 100% resistant to Nalidixic
acid, Cefotaxime, and Cefazolin, 84% to Ceftriaxone, and

83.3% to Tetracycline. This finding was agreed with a
study conducted in Bangladesh [28], India [23], Iraq [30],
Iran [31], and Jordan [30]. But another study revealed
that K. pneumoniae had 50% resistance to Nalidixic acid,
and 62% to Imipenem [32]. Based on our findings, 86.6%
of tested K. pneumoniae was sensitive to Nitrofurantoin,
85.7% to Imipenem, 79% toMeropenem, and 78.3%to
Amikacin. This finding was consistent witha study con-
ducted in Indonesia [17] and Iran [31]. This increase in
the resistance rate might be due to the widespread use of
antibiotics in the hospital, community, animal produc-
tion, agriculture, and the environment. Intensive and
prolonged use of antibiotics is very likely the main under-
lying factor in the widespread transmission of difficult-
to-cure, antibiotic-resistant nosocomial infections [33].
The overall proportion of MDR K. pneumoniae isolates
in this study was 57.1%. Multidrug-resistant K. pneu-
moniae is currently one of the most pressing emerging
issues in bacterial resistance. Its resistancecan occur via
a reduction in the intracellular antibiotic concentra-
tion due toreduced uptake or/and active efflux, target
site modification, inactivation of antimicrobial agents,
acquisition of resistance genes, and beta-lactamase-
related mutations [34]. This is due to several factors,
such as inappropriate use of antimicrobials, poor adher-
ence to treatment, poor infection control in health care
and community settings, and poor hygiene and sanitation
[35]. Infection prevention and control strategies, screen-
ing of colonized and infected patients, and improve-
ment of antimicrobial stewardship to avoid uncontrolled
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consumption of antibiotics are fundamental tools to min-
imize the spread of MDR bacteria and the emergence of
new resistant strains [36].

Limitations of the study

Due to a lack of patient details recorded in the labo-
ratory registration book, we could not access the full
information regarding the sociodemographic and labo-
ratory-related data. This restricts our intention to asso-
ciate the possible associated factors with the presence of
K. pneumoniae and the antibiotic susceptibility pattern of
the isolates.

Conclusion

K. pneumoniae was found to be the most common organ-
ism causing various infections. Our results suggest that
there is high antibiotic resistance among clinical K. pneu-
moniae isolates commonly prescribed antibiotics, which
is alarming for developing countries like Ethiopia. Con-
tinuous monitoring and strict antimicrobial policy will
have a great impact on reducing bacterial resistance to
antibiotics and the development of proper treatment
options against K. pneumoniae infections. As antimicro-
bial susceptibility varies from time to time and in differ-
ent geographical areas, more studies with large sample
sizes and molecular levels should be conducted at inter-
vals in different geographical areas.
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ICU Intensive Care Unit

MDR Multi-drug resistance
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