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Abstract

Background/Purpose: Recently, Klebsiella pneumoniae has become a health care concern due to its 
production of extended-spectrum beta-lactamase (ESBL) and its resistance to carbapenem. In Turkey, 
systematic meta-analyses investigating antibiotic resistance in K. pneumoniae are lacking. 

Methods: Consequently, we performed a systematic review of the literature followed by a meta-
analysis to investigate antibiotic resistance in K. pneumoniae. This study was designed and conducted in 
accordance with the PRISMA guidelines. We identifi ed observational studies published from 2000 to 2015 
using the various search engines. In total, 2,225 articles were published during this study period, but we 
only included 25 in our meta-analysis because of eligibility criteria. 

Results: We observed a signifi cant increase in antibiotic resistance (>40%) to the following antibiotics: 
cefazolin, amoxicillin-clavulanic acid, cefuroxime, cefepime, ceftriaxone, and ceftazidime. Unfortunately, 
the majority of these antibiotics were commonly prescribed for the treatment of K. pneumoniae infections. 
The rate of bacterial ESBL production has been steadily increasing and in this study was calculated at 
39.66% ± 12.46%. In this study, we observed >30% resistance to ciprofl oxacin. Furthermore, the rates of 
resistance to imipenem and meropenem were 5.1% and 3.4%, respectively. 

Conclusion: The data obtained from this study may be benefi cial for prescribing appropriate 
antibiotics and preventing their unnecessary use. The frequent checks of resistance rates with new 
detailed report may suggest to the development of National Antibiotic Stewardship.
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Introduction

After the extended-spectrum beta-lactamase (ESBL) 
enzymes were shown, the number of infections caused by 
ESBL-producing organisms in hospitalized patients increased 
remarkably [1]. In the following process, the phrase multi-
drug resistance (MDR) started to be used commonly and MDR 
gram-negative bacilli (MDR-GNB) caused by nosocomial 
outbreaks were reported [2]. The most common view held 
about MDR is resistance to at least three antibiotics among 
cephalosporin (ceftazidime or cefepime only), aminoglycoside, 
fl uoroquinolone, carbapenem and piperacillin groups [3]. It 
is stated in the literature that one of the biggest factors of 
outbreaks caused by MDR-GNB is Klebsiella pneumoniae. In K. 
pneumoniae, MDR develops due to modifi cation in the outer 
membrane permeability, activation of effl ux system and AmpC 
beta-lactamase, ESBL and carbapenemase enzymes [4].

It is stated in the studies that resistance to antibiotics 
especially the ones used in nosocomial outbreaks caused by 

K. pneumoniae has increased gradually and that antibiotics 

that are effective on isolates in different regions have become 

limited [5]. Moreover, it is emphasized that patients treated in 

intensive care units are at risk in terms of MDR K. pneumoniae 

infections and this situation is associated with the frequent use 

of carbapenems in intensive care units [6,7]. For, imipenem 

(IPM) and meropenem (MEM) are the antibiotics that are most 

commonly used for patients infected with K. pneumoniae in 

intensive care units [8].

Another problem that needs to be focused on is the 

colonization of MDR K. pneumoniae isolates. For, it is 

emphasized that the colonization time of resistant isolates may 

be longer than a year and it is stated that resistance problem 

can be experienced more intensely in the near future [9]. More 

importantly, there are no data regarding Turkey in the study 

of K. pneumoniae antibiotic resistance covering a number of 

countries conducted in 2015 by the World Health Organization 

[10].
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Acting upon the idea that a signifi cant amount of information 
can be collected by bringing together systematically similarly 
themed works made by independent researchers between 2000 
and 2015, we planned our study, which is the fi rst one in which 
notifi cations of antibiotic resistance to K. pneumoniae in Turkey 
were brought together and analyzed through meta-analysis.

Materials and Methods

This systematic meta-analysis was formed in accordance 
with the instructions in PRISMA Statement [11]. Our study 
consists of the phases of data sources and keywords, qualitative 
analysis of the study, determination of choice and rejection 
criteria and data analysis.

Data sources and keywords

The studies to be used for meta-analysis were determined 
by searching the databases of Google Scholar, PubMed, 
Sciencedirect and Turk Medline. While searching databases, 
the following keywords were used: “Klebsiella pneumoniae”, 
“Klebsiella pneumoniae antibiotic resistance” and “Klebisella 
pneumoniae antibiotic resistance Turkey”.

Qualitative analysis of the studies

Our meta-analysis study was prepared based on quinolone 
resistance within the framework of PRISMA statement 
guidelines [12]. The methodological evaluation of research was 
done with the criteria are shown in Table 1. However, the quality 
of the studies was not regarded as an exclusion criterion.

Qualitative examination of the studies included in the meta-
analysis was subjected to scoring with a checklist designed 
with a critical evaluation by two independent reviewers. They 
were assessed in terms of the age groups of the patients, scope 
of the studies, identifi cation methods of strains, methods for 
determination of antibiotic activity, number of strains, the 
time period of conduction of the study and healthcare provider 
steps are shown in [Table 1].

Eligibility criteria

The eligibility criteria for the meta-analysis were as 
follows: it had to be a scientifi c study in Turkish or English; 
it had to examine the state of resistance/susceptibility at least 
30 K. pneumoniae isolates based on NCCLS CLSI or EUCAST 
criteria between 2000 and 2015 in Turkey and the data had to 
be consistent. On the other hand, the multicenter studies that 

were made before 2000, whose full texts could not be accessed, 
that provided data for Klebsiella spp., that provided data for 
that Enterobacteriaceae family without making distinction 
between species, that assessed fewer than 30 isolates, whose 
ESBL results were not reported and that did not have detailed 
descriptions were excluded.

Data analysis

The data were divided into three groups as 2000-2004, 
2005-2009 and 2010-2015; they were examined by two 
independent investigators; disputes between writers were 
decided by unanimous votes for eligibility criteria. The names 
of the fi rst researchers of the articles, their regions, the places 
where the samples were taken from, the total number of 
isolates, the methods used in the study, the properties of the 
patient populations, especially antibiotic resistance data were 
collected; and tables were formed. In the tables, the states of 
antibiotic resistance were shown in numbers; thus, all of the 
studies were enabled to be assessed by a common unit. The 
resistance data reported in the articles were converted to digital 
resistance data by ratio-proportion method. The antibiotic 
resistance or susceptibility data of K. pneumoniae isolates were 
analyzed by taking CLSI M100-S25 and M100-S-20-U into 
consideration. Besides, notifi cations related to resistance were 
grouped based on National Antibiotic Stewardship (NAS) [13].

Statistical analysis

In the meta-analysis, “forest plot” analysis was performed 
by using the program Comprehensive Meta-Analysis (CMA) 
(Biostat, USA). The study was assessed through Cochran Q 
test to fi nd out whether studies showed similar effects or not. 
The homogeneity of the data was examined by the value I2. 
The value I2≥50 was accepted as limit value for homogeneity. 
The changes of K. pneumoniae isolates in the state of antibiotic 
resistance over the years were assessed statistically by using 
the program SPSS 20.0 version (SPSS, Inc., USA) through One 
Way ANOVA method. In the calculations, the value of p≤0.05 
was expressed as the difference at signifi cant level statistically.

Results

During the literature review conducted based on specifi ed 
criteria, a total of 2225 articles between the years 2000 and 
2015 that could potentially be used related to our topic 
were determined. 25 scientifi c studies having the eligibility 
criteria were included in the meta-analysis. In the qualitative 
examinations, studies were graded between 8 and 15. The 
qualitative average score of the studies was calculated as 11.24 
±1.98 are shown in Table 2.

In the calculations made with the ESBL data presented 
in the study, the rate was determined as 39.66% ±12.46. In 
the “forest plot” analysis made in 95% confi dence intervals 
(CI) with CMA, the ESBL rate that can be encountered at any 
time based on the fi xed effects model [14], was found to be 
37.9% (95% CI, 37.9 to 40.8%) and the ESBL rate that can be 
encountered at any time based on the random effects model 
was found to be 39.8% (95% CI, 32.8 to 47.2%) (Q = 579.8, P 
<0.0001, I2 = 95.5) are shown in Table 2.

Table 1: Assessment criteria of the studies in terms of qualitative properties.

3 points 2 points 1 point

Age groups All age groups Adults Children

Scope Multicenter Regional Monocenter

Identifi cation Automatized Conventional Both

Antibiotic resistance Automatized Conventional Both

Number of strains > 100 50-100 < 50

Time period - ≤ 1 year > 1

Levels of healthcare provider 3 2 1
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In the assessment made within the framework of NAS, 
all isolates were reported to be resistant to ampicillin (AM), 
which is among group A antibiotics to be tested primarily for K. 
pneumoniae. The average resistance rates to other antibiotics in 
this group were found to be 58.79%±22.47 and 27.93%±17.68 
for cefazolin (CZ) and gentamicin (GM) respectively.

The average rates of resistance for amikacin (AK), 
amoxicillin-clavulanate (AMX), piperacillin-tazobactam 
(PIPTAZ), cefuroxime (CXM), cefepime (FEP), cefoxitin (FOX) 
and ceftriaxone (CRO), which are in Group B, were calculated 
as 7.59%±14.25, 44.97%± 29.43, 34.39%±4.90, 37.79%±3.44, 
39.61%±9.93, 12.83%±9.26 and 48.75%±13.81 respectively. 
Calculation was not made for ampicillin-sulbactam (SAM) 
because suffi cient data were not presented in the study for it. 
It was observed that a rate of 49,59%±13,07 was reported for 
ceftazidime (CAZ), which is in group C. No notifi cation was 
made for the antibiotics in group U in any study. 

Resistance rates for trimethoprim-sulfamethoxazole 
(SXT), ciprofl oxacin (CIP), imipenem (IPM) and meropenem 
(MEM), which are not included in NAS groups, were calculated 
as 55,29%±14,23, 30,18%±14,79, 1,59%±2,66 and 1,31%±3,86 
respectively.

In the “forest plot” analysis made in 95% CI with CMA for 
IPM resistance, the rate that can be encountered at any time 

based on the fi xed effects model was found as 5.1% (95% CI; 
3,9-6,7%) and the rate that can be encountered at any time 
based on the random effects model was found as 1.8% (95% CI, 
0,9-3,7%) (Q =103,7, P < 0.0001, I2 =79,8). In the “forest plot” 
analysis made in 95% CI with CMA for MEM resistance, the 
rate that can be encountered at any time based on the random 
effects model was found as 1.5% (95% CI, 0.6-3.4%) (Q=32.3, 
P <0.0001, I2=69.5).

In the analysis made based on years, an increase in the 
rates of resistance to all antibiotics except AK was determined. 
However, despite a signifi cant reduction in the rate of 
resistance to AK, no statistically signifi cant difference was 
found (p=0.083). CZ and CAZ showed the highest resistance 
rate increase in the period between 2000-2004 and 2010-2015. 
This was not found to be statistically signifi cant (p=0.094). 
Change in resistance over the years could not be calculated for 
FOX and CRO since there were not suffi cient data about them. 
Changes in the resistance rates based on years are shown in 
Figure 1.

It was determined that ESBL rates increased and that ESBL 
positivity reached the rate of 49.08% ± 12.93 in 2010-2015 
period. This difference observed between ESBL rates over the 
years was not found to be statistically signifi cant (p = 0.346). 
It was determined that the CIP resistance passed the 30% band 

Table 2: Forest plot analysis and qualitative evaluation of studies.

Studies
ESBL

%
Lower limit % Upper limit %

Z
value

P
Value

ESBL ratio and 
%95 CI

Qualitative
Level

Gonullu N [15] 32 28 37 -6,93 0,00 11

Yavuzdemir S [16] 8 6 11 -12,92 0,00 10

Caglar O [17] 20 11 33 -3,92 0,00 9

Tolun V [18] 99 82 1,00 3,03 0,00 11

Aydemir H [19] 50 44 56 0,06 0,95 10

Okaygun E [20] 52 47 58 0,83 0,40 9

Pullukcu H [21] 29 19 41 -3,33 0,00 12

Zarakolu P [7] 24 14 40 -3,11 0,00 15

Cetin ES [22] 64 54 72 2,74 0,01 13

Guducuglu H [23] 50 39 61 0,00 1,00 10

Al Muhteseb M [24] 60 43 75 1,18 0,24 9

Gur D [25] 52 38 65 0,28 0,78 12

Isik F [26] 35 29 43 -3,80 0,00 15

Tasbakan MI [27] 44 39 49 -2,34 0,02 12

Tunccan OG [28] 09 6 12 -13,13 0,00 8

Koksal F [29] 61 54 67 3,30 0,00 14

Yilmaz N [30] 99 92 1,00 3,67 0,00 9

Nazik H [31] 44 39 49 -2,35 0,02 11

Uyanik MH [32] 35 28 41 -4,33 0,00 11

Agca H [33] 55 45 64 0,96 0,34 10

Ardıc N [34] 11 06 19 -6,20 0,00 14

Dal T [35] 23 20 26 -13,59 0,00 13

Parlak M [36] 63 57 69 4,28 0,00 11

Simsek M [37] 32 19 49 -2,09 0,04 12

Terzi HA [38] 48 37 59 -0,35 0,73 10

*ESBL% 39 38 41 -13,62 0,00
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and showed a resistance increase of 10% between 2000-2004 
and 2010-2015 periods. SXT could not be assessed due to lack of 
suffi cient data between 2000 and 2004. However, the SXT level 
of resistance was observed to be 57.64%±9.89 during 2010-
2015 period.

No statistically signifi cant difference was found among 
regions in terms of resistance rates developing against 
antibiotics assessed within the NAS framework in the analyses 
made for regions.

Discussion

The most important component of the studies intended to 
prevent the spread of antibiotic resistance is to enable more 
institutions and people to have access to the data obtained 
through evidence-based practices of medicine. It is not enough 
to report only the antibiotic resistance/susceptibility in studies 
because to make notifi cations about all of the antibiotics that 
are dealt with while reporting might not always lead to accurate 
results. That is why, it is necessary to be selective about the 
notifi cations within the framework of preventive practices of 
the development of resistance and to apply the NAS policy [13]. 
The most important objective of this practice is to test for the 
most appropriate antimicrobials, to report the most suitable 
options for the treatment within the framework of test results 
in a limited way and to prevent the development of resistance 
as much as possible. In our study, which was planned as a 
meta-analysis, different results on antibiotic resistance of K. 
pneumoniae found by independent researchers who did not 
know each other were assessed systematically in order to form 
data based on evidence. Most of the work done in the databases 
was excluded because there was no certain standardization 
when the resistance reported. Otherwise, studies outside of our 
criteria would increase the standard deviation of the results 
and the results would not be meaningful.

 ESBL-producing bacteria show resistance to beta-lactam 
antibiotics along with antibiotics of different groups and hold 
a signifi cant place among MDR microorganisms [39-41]. A 
signifi cant increase in ESBL producing organisms has been 
reported recently in many countries [42]. In multicenter studies, 
the rate of ESBL was found to be 48.7% in K. pneumoniae isolates 

[43]. In our meta-analysis, the rate of ESBL determined in the 
last 5 year period is 49.08%; as determined as factors in the 
analysis the rate of ESBL that can be encountered at any time 
determined as a factor in K. pneumoniae isolates was found to 
be 37.9% based on the fi xed effects model in our “forest plot” 
analysis. Under these circumstances, we think it is necessary 
to add the notifi cation of ESBL positivity to NAS statements so 
that the success of antibiotic treatment based on the personal 
experience of clinicians will increase, the ESBL rate will be 
brought under control and awareness will be raised. 

As a result of the assessment based on NAS framework, a 
marked resistance to CZ among group A antibiotics, to AMX, 
CXM, FEP and CRO among group B antibiotics, and to CAZ 
among group C antibiotics was observed in the following 
three periods: 2000-2004, 2005-2009 and 2010-2015. This 
was associated with the frequent use of these antibiotics in 
the treatment of K.pneumoniae infections in general and the 
increase in ESBL activity. The fact that the rate of resistance 
of beta-lactam antibiotics in all three groups was about 40% 
indicates that it is necessary to make new guiding studies 
for combined medication therapy that can be used to treat K. 
pneumoniae infections.

According to Prescribing Information System (PIS) data, 
34.94% of the prescriptions written by family physicians, who 
are in the fi rst step, contained antibiotics [44]. “Quinolones are 
indicated for the treatment of milder infections including upper 
respiratory tract infections.” Acting upon the quote above, 
it can be said that CIP treatment preferred contrarily to the 
principle of evidence-based medicine awaits solution as one of 
the most important problems in the spread of the resistance. 
We believe that the most important cause of the 10% increase 
in resistance to CIP, which is shown by our study and which is 
not included among NAS groups, developed by K. pneumoniae 
isolates over the years is the frequent and uncontrolled use of 
this antibiotic.

Carbapenems, which have not been included in NAS groups 
yet, are the fi rst preferred antibiotics for the treatment of 
serious infections caused by ESBL-producing bacteria. In vitro 
studies show that ESBL-positive bacteria are quite sensitive 
to carbapenems [45]. However, there is an increase in the 
rate of resistance due to the increased or irresponsible use of 
carbapenems. Especially the increase in carbapenem resistance 
in parallel with the rate of ESBL between 2010 and 2015 is quite 
remarkable. In our study, the IPM and MEM resistance rates 
that can be encountered at any time were found to be 5.1% and 
3.4% respectively. However, there are not enough MEM data 
for the period between 2005 and 2009.

When the regional distribution of the 25 scientifi c studies 
evaluated in meta-analysis is examined, it is seen that the most 
notifi cations came from the Western Anatolia region, followed 
by the Central Anatolia region, and the fewest notifi cations 
came from the Eastern Anatolia region. Although there are 
differences among regions, these differences are statistically 
insignifi cant; therefore, they can contribute to the holistic 
examination of the issue of resistance in K. pneumoniae clinical 
isolates and to its solution. 

Figure 1: Antibiotic resistance challenge by year in K. pneumoniae isolates.
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There are no data related to Turkey in terms of carbapenem 
resistance in the study called The State of the World’s 
Antibiotics. According to the classifi cation of the study The 
State of the World’s Antibiotics, the carbapenem resistance 
rate in Turkey is between 2.1% and 5.9% in the light of the 
data we obtained. However, no resistance notifi cation for K. 
pneumoniae clinical isolates was made after 2013; therefore, it 
should be kept in mind that this rate might have increased.

Conclusion

Consequently, these antibiotics, which are used in order 
to treat K. pneumoniae experimentally, should be revised and 
the clinical in use of antibiotics whose therapeutic indications 
are known should be restricted. In particular, restrictions on 
the use of carbapenem and/or antibiotic use policies should 
be developed. More notifi cations should be done about the 
resistance state of K. pneumoniae clinical isolates; NAS to should 
be taken into consideration while making notifi cations in order 
to support evidence-based medical practices. Additionally, 
each country should establish a NAS Networks for states and 
territories and private and pediatric sectors.
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