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Abstract

Background The burden of Klebsiella drug resistance to antimicrobials is a major public health concern worldwide;
particularly the problem is severe in developing countries including Ethiopia. Therefore, the aim of this systematic
review and meta-analysis is to establish the pooled estimate of Klebsiella drug resistance; and antimicrobial-specific
resistance pattern among Klebsiella clinical isoaltes in Ethiopia.

Methods Articles were searched from PubMed, Google Scholar, and Science direct and grey literature from 2009 to
2019. Four authors have independently extracted data on the prevalence and antimicrobial resistance pattern of the
isolates. Statistical analysis was conducted by using Open meta-analyst (version 3.13) and Comprehensive meta-
analysis (version 3.3). The main outcome measures were the overall Klebsiella resistance; and drug-specific resistance
patterns. A random-effects model was used to determine the pooled resistance prevalence with 95% confidence
interval (Cl), and significant heterogeneity was considered at p<0.1; and > 50% using DerSimonian and Laird
method. In addition, subgroup analyses were conducted to improve the outcome.

Result We obtained 174 potentially relevant studies through searching electronic databases, and finally, 35 eligible
studies were included for meta-analysis. A total of 13,269 study samples participated, from which 1017 Klebsiella
species were isolated. The overall Klebsiella resistance in Ethiopia was found to stand at 53.75% (95% Cl: 48.35—
58.94%). Based on the subgroup analyses; the highest (64.39%); and lowest (46.16%) values were seen in Southern
Nations, Nationalities, and Peoples of Ethiopia; and Tigray regions respectively; and the highest Klebsiella resistance
was reported to ampicillin (90.56%), followed by amoxicillin (76.01%) and trimethoprim-sulfamethoxazole (66.91%). A
relatively low level of resistance rate was observed to amikacin (16.74%) and cefoxitin (29.73%).

Conclusion The pooled Klebsiella resistance was found to be considerably high (53.75%) to most of the essential
antibiotics in Ethiopia. Klebsiella was highly resistant to ampicillin and amoxicillin but relatively lower to amikacin.
Therefore, appropriate interventional strategies need to be taken to address the emerging resistance of Klebsiella
species.
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Background

Klebsiella species are aerobic or facultative anaero-
bic gram negative bacteria which belong to the fam-
ily Enterobacteriaceae. 1t is known to produce plasmid
mediated extended spectrum beta lactamases (ESBLs)
which breaks down antibiotics into inactive form [1]
and the most common isolated species include Klebsi-
ella pneumoniae, Klebsiella oxytoca, Klebsiella ozaenae
and Klebsiella rhinoscleromatis [2, 3]. From the various
species, Klebsiella pneumoniae is the most common and
ubiquitous in nature causing various human infections
[4, 5].

The widespread use of antimicrobials in clinical prac-
tice has led to the emergence of resistant bacterial
pathogens contributing to the increased morbidity and
mortality observed worldwide [6, 7]. Resistant Klebsiella
is one of the opportunistic pathogen showing frequent
acquisition of resistance to antibiotics accounting to
about one-third of all Gram-negative infectious diseases
[8, 9] such as bloodstream infection, pneumonia, uri-
nary tract infections (UTI), nosocomial and community
acquired infections [2, 10]. As there is inappropriate use
of antimicrobials, resistance is tremendously increasing
and the therapeutic option has been significantly reduced
[11, 12]. Ultimately, this increases cost of treatment and
impedes the effective prevention and treatment out-
comes in clinical settings [13—16].

Nowadays, studies show that Klebsiella has been
resistant to most common antibiotics including cepha-
losporins, monobactams, fluoroquinolones and ami-
noglycosides [3, 17-19]. This is because of the frequent
empirical use of antibiotics; and persistent exposure of

Table 1 Search arms and terms used as a searching strategy

Search  Antimicrobial Klebsiella related key- Ethio-
arms resistance related words (B) pia

keywords (A) @
Search  “drug resistance” OR "Klebsiella" OR “Klebsiella Ethiopia
terms “antibiotic resistance”  spp! OR"Klebsiella*" OR

OR “antimicro-

bial resistance” OR
“antimicrobial drug
resistance” OR "anti-
infective resistance”
OR"Antibacterial
resistance” OR "Antibi-
otic susceptibility*"OR
“Drug susceptibil-
ity” OR "Anti-biotic
sensitivity” OR Drug
sensitivity”

"Klebsiella pneumoniae”
OR“K.pneumoniae” OR"K.
oxytoca" OR "k.terrigna”
OR’k.planticola”

Search terms within each arm were combined using the Boolean term “OR”
and finally “AND" was used to connect the three search arms (“Column A” AND
“Column B” AND “Column C”)

Klebsiella to a number of antimicrobial agents which
facilitate the emergence of drug-resistant strains [20].
Previous studies have indicated Klebsiella’s resistance to
antibiotics reaching 68.3% in south Africa [12], 54% in
India [1], and 97.17% in Equatorial Guinea [21]. In sub-
Saharan Africa including Ethiopia, the anti-microbial
drug resistance is a serious problem [22]. Individual stud-
ies conducted in Ethiopia showed that the prevalence of
antimicrobial resistance is high and pooled prevalence
of resistance in gram negative bacteria Klebsiella pneu-
monia is reported to be 23.2% [23]; Klebsiella species are
able to develop cross resistance; and the treatment failure
is also high [3]. Moreover, one study indicates that anti-
microbial resistance level of the gram-negative bacteria
ranges from 20 to 100% [24]. Studies in some Ethiopian
hospitals such as Jimma (77.8%) [25], Yekatit 12 (64.7%)
[26] and Gondar hospitals (95.6%) [27], show that the
antimicrobial resistance of Klebsiella is high. However,
the comprhenssive analysis of antimicrobial drug resis-
tance pattern of Klebsiella isolates from different parts of
Ethiopia has not yet been performed nationally. Hence,
the present systematic review and meta analysis was
aimed at establishing the pooled prevalence of Klebsiella
resistamce; and antimicrobial-specific resistance pattern
among Klebsiella clinical isolates in Ethiopia.

Methods

This meta-analysis was carried out in a similar approach
to the previously published studies [13, 28] and the con-
tent of this systematic review and meta-analysis is well
described according to the Preferred Reporting Items for
Systematic Reviews and Meta-Analysis (PRISMA) flow
diagram and checklist [29-31] (S1 file).

Study selection

Exhaustive literature search was done systematically in
PubMed, and Science direct, Google scholar; and manual
search from Google of potentially relevant articles. The
search was done by four authors (LG, TT, GGK and KBT)
independently; and the search strategy was built by com-
bining the three main arms (Table 1): Klebsiella, Anti-
microbial related terms, and Ethiopia. From the citation
extracted, abstracts were scanned to retrieve the clinical
studies on Klebsiella infection. Studies that were relevant,
by title and abstract, were accessed in full text to deter-
mine articles to be included in our meta-analysis. Finally,
the references cited by each eligible study were scruti-
nized to identify additional source; and references were
cited using endnote citation manager software (version
X7)[Niles software, Clarivate analytic company]. Before
starting the data extraction, the protocol was developed
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and we went directly to data extraction without consider-
ing the registration, because at that time there was inter-
net interruption because of the conflict here in Tigray,
Ethiopia.

Inclusion and exclusion criteria

Studies included in this comprehensive meta-analysis
were those that had extractable data on drug resistance
of Klebsiella isolates taken from human samples in Ethi-
opian health facilities or research centers. Articles pub-
lished from January 2009 to December 2019 in English
language; and primary researches with cross-sectional
study designs were included; but review papers and other
studies that were not relevant to the outcomes of interest
and those that were not based on Ethiopian setting were
excluded. Initially, non- relevant studies were excluded
based on their titles and abstracts. From the screened
papers, the duplicates, incomplete data, and studies with
very small number of isolates and tested antimicrobials
(less than 5 isolates and tested drugs) were excluded.

Outcome of interest

The primary outcome of interest was the prevalence of
antimicrobial resistance of Klebsiella species among the
total Klebsiella clinical isolates in which the prevalence
was calculated by dividing the numbers of resistant Kleb-
siella isolates by the total number of clinically isolated
Klebsiella. We also calculated the pooled resistance pat-
tern of Klebsiella isolates to specific antibiotics as a sec-
ondary outcome of interest.

Data extraction

The process of screening (by title, abstract, and full text
and data extraction) was done independently by three
authors (LG, GGK, and TT), and at each step KBT was
involved in consensus creation in cases of discrepancies
among the three authors. During screening by title and
abstract, the authors reviewed the full text of the arti-
cle if needed. Data from eligible studies were extracted
and summarized into an excel spreadsheet. For each
of the included studies, the following information was
extracted; name of regions, study design, study area/city,
study names, study period, study design, types of speci-
mens, study population, number of study participants,
total numbers of isolated Klebsiella species, the average
percentage of resistant Klebsiella species, antimicrobial
resistance rate of Klebsiella species and references. As all
of the articles used in this study are cross-sectional, the
score for the quality of the study was assessed using the
modified Newcastle-Ottawa Scale (NOS)[32, 33] for the
representativeness of sample, appropriateness of sample
size, response rate, validity of method, strategy to con-
trol confounding factors, reliability of outcome determi-
nation, and appropriate statistical analyses. The quality
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score (Table 2) disagreements were resolved by consen-
sus and a final agreed-upon rating was assigned to each
study (S2 file). Moreover, from the included studies each
antibacterial tested for Klebsiella was extracted (Table 3).

Quality control

The quality of the included studies was checked indepen-
dently by two authors (LG and KBT) using a set of prede-
termined criteria such as research design quality of paper,
completeness of extractable information, and employed
methods for Klebsiella species isolation.

Data analysis

A random-effects analysis method was employed to
determine the pooled prevalence, subgroup analysis,
and 95% confidence interval (CI) using the approach of
Der- Simonian and Laird [34]. Variances and Cls were
stabilized using Freeman-Tukey arc-sine methodology
[35]. Heterogeneity of study results was assessed using
P test and significant heterogeneity was considered at
p<0.10 and 2>50 [34, 36]. Open Meta-Analyst (version
3.13) and Comprehensive Meta-Analysis (version 3.1)
statistical analyses were used. Moreover, subgroup anal-
yses based on administrative regions and mechanism of
antibacterial action were also performed to improve the
specificity of the assessment of the tested drugs.

Result

We obtained 174 potentially relevant studies through
searching electronic databases. From these, 88 duplicate
articles were removed by the help of Endnote(version
X7)[Niles software, Clarivate analytic company); and the
remaining 86 records were screened using their title and
abstract out of which 35 articles were omitted based on
the exclusion criteria. Full texts of 51 records were evalu-
ated for eligibility in which 16 articles were removed due
to data incompleteness, small number of isolates and/or
tested antibiotics (less than 5 Klebsiella isolates and anti-
biotics in a single study). Finally 35 eligible studies were
included for the meta-analysis (Fig. 1).

Cross-sectional study design was used in all the
included 35 studies. A total of 13,269 study samples were
employed, from which 1017 Klebsiella species were iso-
lated. The included studies were taken from Ambhara,
Oromia. Southern Nations, Nationalities and People
(SNNP), Tigray and Addis Ababa; however, there was
no study obtained from other regions of Ethiopia (Afar,
Benishangul-Gumuz, Gambella, Somali, Harari and Dire
Dawa city administration). For screening of Klebsiella
species, various specimens were utilized from the various
part of the human body, including blood, urine, sputum,
body fluids, ear discharge, wound swab, eye swab, stools
and pus (Table 2).
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Table 2 (continued)

NOS

#Klebsiella Aver-
isolated

Study

Culture specimens

Study population

Study

Study period

Study area

Region

References

quality
score

age %

samples

design

resistant

Klebsiella outof7

31.1

62
201

ear discharge

Patients with otitis media
Septicemia suspected

children

Gondar January to June 2017 cs

Ambhara

[65]

62.9

Blood

cs

October 2011 to Feburary

2012

Addis Ababa

Central Ethiopia

[66]

54.6

500

Urine and wound swab

Patients with postsurgical

infection

cs

June2012 to Feburary 2013

Jimma

Oromiya

[67]

63.9

303
152
259
426

Blood sample
Ear discharge

Neonatal ICU patients

cs
cs

April 2016 to May 2017
April to July 2018

Assela

Oromiya
SNNP

[68]
[69]

54.6

Pediatrics with otitis media

Hawassa
Adigrat

35.8

Urine sample

Pregnant women

Patients

cs

January to April 2018

Tigray

(70)

71

(2023) 23:643

52.6

131

Urine, blood, sputum,
ear discharge, CSF, body

fluid, Pus

January to May 2017 (&)

Addis Ababa

Central Ethiopia

60.4

162

Patients with otitis media  Ear discharge

cs

October 2014 to June 2012
Feburary to June 2014

Mekelle
Gondar

Tigray

(72)

44.6

25

167

(@) Patients with ear discharge  Ear discharge

Key: CS: Cross-sectional, RCS: retrospective cross-sectional, CSF: cerebrospinal fluid, ART: Antiretroviral therapy, HIV: human immunodeficiency virus

Amhara

(73)
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The paper-based analysis of this study showed that the
overall Klebsiella resistance in Ethiopia was 53.75% (95%
CI: 48.35—58.94%) (Fig. 2). Subgroup analyses were car-
ried out based on the region (Addis Ababa, Amhara, Oro-
mia, SNNP, and Tigray), and then the average prevalence
of Klebsiella resistance was determined in region wise.
Southern Nations, Nationalities, and Peoples of Ethio-
pia was ranked first (64.39%, 95% CI: 54.94—73.83%), fol-
lowed by Addis Ababa (55.67%, 95% CI: 47.74—63.40%),
Oromia (55.24%, 95% CI: 43.95-66.50%), Amhara (50.1%,
95% CI: 40.82-59.20%), whereas relatively low (but highly
varied) prevalence of Klebsiella resistance was reported
from Tigray region (46.16%, 95% CI: 21.97-70.34%)
(Figs. 3 and 4). The level of heterogeneity of the included
studies was high, by random model methods (I>=90.55%;
P<0.01).

Additional subgroup analyses were done to esti-
mate the pooled prevalence of Klebsiella resistance
based on the mechanism of action of the antibacterial
drugs. Antimetabolite (a single drug, trimethoprim-
sulfamethoxazole) accounted the highest resistance
percentage (66.91%, 95% CI: 59.79-74.06%), followed
by cell wall synthesis inhibitors (61.61%, 95% CI: 44.79—
79.42%), protein synthesis inhibitors (45.95%, 95% CI:
27.29-64.62%), whereas nucleic acid synthesis inhibi-
tors showed relatively low resistance percentage (35.98%,
95% CI: 31.83—-40.14%) and level of heterogeneity of this
class was not significant (I>=0%, p=0.68). With regard-
ing to individual antibiotics, high resistance rates were
observed to ampicillin (90.56%, 95% CI: 86.31-94.81%),
followed by amoxicillin (76.01%, 95% CI: 61.44—90.38%),
trimethoprim-sulfamethoxazole (66.91%, 95% CI: 59.76—
74.06%), ceftazidime (65.07%, 95% CIL: 52.68-77.46%).
A relatively low level of resistance rate was observed
to amikacin (16.74, 95% CI: 6.84—26.64), and cefoxitin
29.73%, 95% CI: 12.05-47.41%) (Fig. 5).

Discussion

The nationwide meta-analysis of Klebsiella resistance was
not done in Ethiopia so far. So we conducted a compre-
hensive systematic review and meta-analysis to deter-
mine the pooled of Klebsiella antimicrobial resistance in
Ethiopia. From our findings Klebsiella displayed diverse
resistance patterns, with percentages varying slightly
based on the antibiotic type and geographical distribu-
tion. Based on this meta-analysis, the overall Klebsiella
resistance in Ethiopia was found to be 53.75% (95% CI:
48.35—58.94%). Similar findings were reported from
meta-analysis study done in sub-Saharan Africa and Iran,
where the resistance of Klebsiella for some antibiotics
was greater than 50% [17, 20]. This indicates more than
half of the isolated Klebsiella species were resistance to
the most common antibacterial drugs. The possible rea-
sons could be over/under dose of antimicrobial drugs in
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= Articles identified through Artficles identified
8 databases: from other sources
8 PubMed (n=37), Science direct | or gray literatures
fé (n=38), Google scholar (n=72) (n=T)
Number of articles removed
by duplication (n=88)

=
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Fig. 1 PRISMA flow diagram depicting the selection process for meta-analysis

treating infectious diseases, and empiric use of antibiot-
ics which would inevitably lead to emergence of resis-
tance [24].

Antimicrobial resistance is becoming a public health
challenge in the 21st century as a result of many factors
including misuse of antimicrobials by health profes-
sional and patients, inadequate surveillance systems [7,
27]. Particularly, the emergence and spread of resistant
strains of Klebsiella species are a considerable threat to
public health [37]. For Klebsiella, resistance to antimicro-
bials is a normal evolutionary process, but the resistance
rate is frequently aggravated by misuse of antibiotics [13,
38]. As per previous study, from the different species of
Klebsiella, Klebsiella pneumoniae is becoming known for
its resistance properties to most of the last-line antibiot-
ics [8].

In this meta-analysis, the subgroup analysis of regional
prevalence of Klebsiella indicated that the highest prev-
alence of Klebsiella resistance (64.39%) was estimated
in SNNP, which is relatively higher than Tigray region
(46.16%) (Fig. 4). The observed variation might be due
to differences in study location, hospital setup, and anti-
microbial utilization. The level of heterogeneity of the
included studies was high, by random model methods

(I=90.55%; P<0.01). This indicates that, the included
studies have been done in different study areas, study
periods, and study populations, which could have an
effect on the heterogeneity of the studies.

The other subgroup analysis, based on the mechanism
of action of antimicrobials, showed that Klebsiella exhib-
ited higher resistance to antimetabolites (66.91%), which
is actually represented by single drug (trimethoprim-sul-
famethoxazole), followed by cell wall synthesis inhibitors
(61.61%)(Fig. 5). In our finding, there was only one drug
(trimethoprim-Sulfamethoxazole) from the antimetabo-
lites tested for Klebsiella resistance, which might have led
to the highest value of resistance group compared to the
others. However, the highest resistance rate of Klebsiella
was noted from individual antibiotics grouped under cell
wall synthesis inhibitors including ampicillin (90.56%),
amoxicillin  (76.01%) and amoxicillin-clavulanic acid
(56.92%).

Our finding was concordant with studies done in
West Africa where Klebsiella was resistant to Ampicil-
lin (92.5%) and amoxicillin-clavulanic acid (66.1%) [39],
and a little bit lower Klebsiella resistance to ampicillin
was reported from the three districts of Uganda (66.5%)
[40] and India [1]. The higher resistance rate of Klebsiella
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Fig. 5 Subgroup analysis of pooled percentage and confidence interval of Klebsiella resistance to antibacterial drugs according to drug mechanism of

action

species to ampicillin and amoxicillin could possibly
be due to the fact that the bacteria naturally produces
extended spectrum beta-lactamases which inactivate
beta lactam® antibiotics (ESBLs) [11, 20]. Our finding
showed almost similar pooled Klebsiella resistance to
ceftriaxone (47.6%) with previous meta-analysis done on

wound infection in which more than half of Klebsiella
pneumoniae isolates exhibited resistance to ceftriaxone
(57%) [23].

The findings of this study indicated that there is high
magnitude of Klebsiella antimicrobial resistance in Ethi-
opia. The possible reasons could be limited infection
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surveillance programs, the lack of communication
between physicians and microbiologists, lack of stan-
dardized criteria to determine drug resistant isolates,
limited laboratory facilities, and poor sanitation [20].
The relatively high rates of drug resistant isolates of
Klebsiella seen in this meta-analysis might have nega-
tive effects on public health which could cause difficulty
in treating Klebsiella pneumonia associated infections
since only fewer effective drugs are available for treating
these highly drug-resistant strains [20]. Hence, functional
infection control committee, applying infection preven-
tion protocols, advocating rational prescribing habits,
appropriate antimicrobial therapy, health education; and
improvement of personal and environmental hygiene
need to be applied to curb the resistance problem [13, 18,
20, 41].

Some limitations in our study should be acknowledged.
The pooled resistance of Klebsiella was not calculated
based on species basis as there was shortage of studies
done on individual species. Many of the included studies
describe Klebsiella pneumonia, but rarely for other spe-
cies. Therefore, this meta-analysis should be seen in the
context of such limitations.

Conclusion

In this systematic review and meta-analysis, the pooled
Klebsiella resistance was found to be considerably high
(53.75%) to most of the essential antibiotics in Ethiopia.
Klebsiella was highly resistant to ampicillin and amoxi-
cillin but relatively lower to amikacin. Therefore, imple-
menting proper antibiotic prescription policies and
appropriate antimicrobial therapy could be the potential
interventional strategies to address the emerging resis-
tance of Klebsiella species.
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