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Abstract

Introduction: In recent years, the rapid spread of carbapenem-resistant K. pneumoniae, their higher mortality rates, and limited treatment
alternatives cause difficulties in the treatment of these infections. New treatment alternatives are needed to cope with resistant strains. In recent
years, natural products such as Quercetin have started to be preferred in combination studies due to their antimicrobial effects and low side-
effect profiles. The aim of this study was to investigate the in vitro efficacy of the combination of Quercetin and Meropenem on carbapenemase-
producing (blaKPC, blaNDM, blaVIM, blaOXA-48, and blaIMP), carbapenem-resistant K.pneumoniae isolates using the checkerboard method.
Methodology: Thirty Carbapenem-resistant K.pneumoniae strains in the culture collection of our laboratory were included in our study.
Carbapenemase genes were determined using the Xpert® Carba-R (Cepheid, USA). Synergism with meropenem was assessed by checkerboard
analysis, followed by FIC index, and combination index calculation.

Results: Twenty (66.6%) strains had OXA-48, 6 (20%) NDM, 1 (3.3%) KPC, 1 (3.3%) OXA-48+NDM genes, and 2 strains (6.6%) gene could
not be detected. In the Quercetin and Meropenem combination study, synergy was found in 24 (80%) of the strains; an additive effect was
found in 5 (16.6%) and an antagonist effect in 1 (3.3%). In 19 (63.3%) of the strains, meropenem MIC values were below the sensitive limit
(MIC <2 pg/mL).

Conclusions: Although the combination of quercetin and meropenem has a high synergistic effect in carbapenem-resistant K. pneumoniae

isolates, it seems that the carbapenemase species affects this situation. however, more work is needed on this subject.
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Introduction

Klebsiella pneumoniae is an important pathogen
that can cause community-acquired infections as well
as complicated and difficult-to-treat hospital-acquired
infections. Especially in recent years, the rapid spread
of carbapenem-resistant strains, their higher mortality
rates, and limited treatment alternatives cause
difficulties in the treatment of these infections [1].

Carbapenem  resistance was seen among
Enterobacterales species; it usually develops due to the
production of [B-lactamases such as K. prneumoniae
carbapenemase (KPC) and New Delhi metallo (-
lactamase (NDM), extended-spectrum [-lactamase
(GSBL), AmpC f-lactamase (AmpC) and rarely loss of
outer membrane proteins. The genes that cause
carbapenem resistance are usually found on plasmids.
This resistance can be spread by clonal expansion or by
horizontal transfer of genes to naive bacteria [2].
Carbapenemase-producing strains spread more easily
than non-carbapenemase-producing strains.

Carbapenem-resistant K. pneumoniae (CRKP) strains
were initially only seen in hospital-acquired cases, but
are now reported in community-acquired cases.
Although the treatment options that can be used in the
treatment of CRKP infections are very limited,
nephrotoxic drugs such as colistin and tigecycline are
generally used [3]. Combination therapies were thought
to be hopeful due to the lack of an optimal treatment
regimen, the inadequacy of single-agent antimicrobial
treatments, or the presence of drugs with high side-
effect profiles. Trial of new combined therapies will
keep therapeutic options dynamic.

In recent years, natural products such as Quercetin
have been reported to have antimicrobial effects as well
as various therapeutic benefits. For this reason, it is seen
that natural products such as quercetin are frequently
preferred in combination studies. The disadvantages of
natural agents such as quercetin, such as poor
bioavailability, limit their oral use. However, Quercetin
has advantages such as lower toxicity and low bacterial
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resistance rates compared to other antibiotics [4,5].
Polyphenols represent a group of over 500
phytochemicals that are micronutrients naturally found
in plants. Quercetin (3,3',4'5,7-pentahydroxyflavone) is
also a natural polyphenol. It is abundant in our foods
such as fruits, vegetables, grains, nuts, and teas.
Quercetin has been reported to have many health
benefits such as antioxidant, anti-neoplastic, anti-
hypertensive, and anti-cancer properties. In addition, it
is one of the important polyphenols that attracts global
attention due to its high antimicrobial activity [6]. It has
also been reported that some polyphenols have
synergistic effects when combined with other
polyphenols or antibiotics [7]. In the literature, there are
limited studies in which quercetin and carbapenems
were combined and the synergistic effect was
investigated. In some studies, it has been shown that
Quercetin can increase the efficacy of antibiotics used
in carbapenem-resistant Escherichia coli [8]. Studies
investigating the synergistic effects of Quercetin and
other antibiotics against multi-drug resistant K.
pneumoniae isolates are rare in the literature.

The aim of this study was to investigate the in vitro
efficacy of the combination of Quercetin and
Meropenem in carbapenem-resistant K.pneumoniae
isolates producing carbapenemase (using the
checkerboard method.

Methodology

Thirty Carbapenem-resistant K.pneumoniae strains
in the culture collection of our laboratory were included
in our study. Of the strains, 14 (46.6%) were urine, 8
(26.6%) blood, 4 (13.3%) wound, 2 (6.6%) tracheal
aspirate, 1 (3.3%) catheter, and 1 strain (3.3%) isolated
from a sputum sample. Identification of strains by mass
spectrometry (VITEK MS®, Biomerieux, France );
antibiotic susceptibility tests were performed with
VITEK 2® (Biomerieux, France) automated system.
Carbapenem resistance (Meropenem MIC > 8 mg/L)
was confirmed by the broth microdilution method,
which is the reference method in line with EUCAST
guidelines, in strains determined to be carbapenem
resistant by the automated system [9]

Determination of MIC values of Meropenem and
Quercetin

Quercetin in 5% DMSO and Meropenem were
dissolved in sterile distilled water. Stock solutions were
prepared for Quercetin and Meropenem at a
concentration of 512 pg/mL. and stored at -20 °C until
the study. Serial dilution of drugs was performed using
Miiller Hinton Broth (MHB, HiMedia, Mumbai, India)
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medium in 96-well microplate wells customized for the
microdilution method. The bacterial suspension
prepared by the photometric method (Densichek plus,
Biomerieux, France) at 0.5 McFarland turbidity was
diluted to a final concentration of 5X10° CFU/mL in the
well and added to the wells. After 16-20 hours of
incubation at 35-37°C, the results were evaluated
visually. The lowest antibiotic concentration at which
there was no visible turbidity, i.e., growth, was
determined as the minimum inhibitory concentration
(MIC).
Phenotypic  and  genotypic  determination  of
carbapenemase production

A modified carbapenemase inactivation (CIM) test
was applied to determine carbapenemase production
phenotypically. A loopful was taken from the isolate in
which carbapenemase enzyme production would be
investigated, suspended in sterile distilled water and 10
uL Meropenem disc (BioMérieux, France) was thrown
into it. After two hours of incubation, the Meropenem
disc from the suspension was placed on E. coli ATCC
29522 inoculated Mueller-Hinton (Merck, USA) agar
medium and incubated at 35 °C for six hours. If growth
occured around the meropenem disc (no inhibition
zone) at the end of the six-hour period, the result of the
test was considered positive. Carbapenemase genes
were determined using the Xpert® Carba-R kit
(blaKPC, blaNDM, blaVIM, blaOXA-48, and blaIMP)
and the GeneXpert instrument (Cepheid, USA).

Determination of Synergistic Effect with Checkerboard
Method

The checkerboard test to investigate the synergistic
activity of Quercetin and meropenem in CRE isolates
was performed in 96-well microplates. In the
checkerboard study, stock solutions of Quercetin and
Meropenem were prepared with an initial concentration
of 64 pg/mL in the microplate. Serial dilutions of
Quercetin in the vertical direction and Meropenem in
the horizontal direction were made in the wells.
Concentrations of both active ingredients in the range
of 64-0.5 pg/mL were obtained. The bacterial
suspension was added to a final concentration of 5 x 10°
CFU/mL in the well. At the end of 16-24 hours
incubation at 35 + 2°C, growths were evaluated visually
and combination MIC values of antibiotics were
determined. The following formula was used to
calculate the Fractional Inhibitory Concentration (FIC)
and FIC index (FICI) of the combination: Quercetin
FIC = quercetin MIC in combination/quercetin MIC
alone; Meropenem FIC = meropenem MIC in
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combination/meropenem MIC alone; that is, FICI = FIC
of quercetin + FIC of meropenem. FICI < 0.5 and FICI
> 4.0 were considered synergistic and antagonistic,
respectively, while FICI between 0.5 and 4.0 showed
indifferent interaction between quercetin and
meropenem [10].

Results

Thirty strains that were found to be resistant to
meropenem by the automated system were also found
to be resistant in the broth microdilution method, and
the strains were confirmed to be resistant to
meropenem.

The modified carbapenemase inactivation test was
positive in all of the strains. Twenty (66.6%) strains had
OXA-48, 6 (20%) NDM, 1 (3.3%) KPC, 1 (3.3%)
OXA-48+NDM genes, and 2 strains (% 6.6) gene could
not be detected. Carbapenemase gene was not detected
by molecular method in two isolates found positive for
modified carbapenemase inactivation test.

In the Quercetin and Meropenem combination
study, synergy was found in 24 (80%) of the strains; an
additive effect was found in 5 (16.6%), and an
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antagonist effect in 1 (3.3%) (Table 1). In 19 (63.3%)
of the strains, meropenem MIC values were below the
sensitive limit (MIC <2 pg/mL).

It was observed that the MIC values of 79.8% of the
carbapenem resistant strains decreased below 8 pg/mL,
which is the sensitive limit of Meropenem, with the
quercetin-Meropenem synergy combination.
Meropenem MIC value was 0.5 pg/mL and below in 4
strains (16.6%) with synergistic effect; 1 pg/mL in 8
strains (33.3%); 2 pug/mL in 6 strains (25%); 4 pg/mL
in 5 strains (20.83%); It was found to be 8 ug/mL in 1
strain (4.16%). Meropenem MIC value was found to be
32 pg/mL in 2 strains (40%) with additive effect, 8
pg/mL in 2 strains (40%), and 1 pg/mL in 1 strain (20%)
(Table 1).

OXA-48 was found in 19 (79.1%) of the strains
with synergistic effect; NDM in 2 (8.3%); While OXA-
48 + NDM was detected in 1 (%) strain, no gene was
detected in 2 (8.3%) strains. NDM gene was detected in
4 (80%) of the strains with additive effect, while OXA-
48 gene was detected in 1 strain (20%). KPC gene was
detected in 1 strain with an antagonistic effect (Table

).

Table 1. MIC values of Meropenem and Quercetin alone and in combination against Carbapenem-resistant K. pneumoniae isolates.

. MIC values (pg/mL) .
Sg(?n (Cefhneziﬂn(l;e:gxp:)ert) CIM Meropenem Meropenem Quercetin Quercetin an(airl:gex RESULTS
Combination Combination
1 OXA-48 + 16 1 64 8 0.18 Synergy
2 NDM-1 + 64 32 64 8 0.62 Additive
3 OXA -48 + 16 2 64 2 0.15 Synergy
4 OXA-48 + 16 8 >256 2 0.50 Synergy
5 NDM + 32 0.5 >256 64 0.26 Synergy
6 OXA-48 + 16 2 >256 32 0.25 Synergy
7 OXA-48 + 16 0.5 64 16 0.28 Synergy
8 OXA-48 + 16 1 >256 32 0.18 Synergy
9 OXA-48 + 16 1 64 4 0.12 Synergy
10 OXA-48 + 16 4 128 1 0.25 Synergy
11 OXA-48 + 16 8 >256 8 0.53 Additive
12 NEG (-) + 16 <0.5 64 <0.5 <0.03 Synergy
13 NDM + 16 8 64 32 1 Additive
14 OXA-48 + 16 2 >256 32 0.25 Synergy
15 NDM + 64 32 64 1 0.51 Additive
16 KPC + 16 64 64 64 5 Antagonist
17 OXA-48 + NDM + 16 4 64 8 0.5 Synergy
18 OXA-48 + 16 1 32 2 0.12 Synergy
19 OXA-48 + 16 1 32 4 0.18 Synergy
20 OXA-48 + 16 4 32 8 0.50 Synergy
21 NEG (-) + 16 2 >256 32 0.25 Synergy
22 OXA-48 + 16 1 32 4 0.18 Synergy
23 NDM + 16 2 32 32 1.5 Additive
24 OXA-48 + 16 0.5 32 8 0.28 Synergy
25 OXA-48 + 16 1 64 4 0.12 Synergy
26 NDM + 16 4 64 2 0.28 Synergy
27 OXA-48 + 16 2 64 4 0.18 Synergy
28 OXA-48 + 16 2 64 8 0,25 Synergy
29 OXA-48 + 16 4 32 4 0.37 Synergy
30 OXA-48 + 16 1 64 4 0.12 Synergy
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Discussion

In recent years, the rapid spread of CRE strains has
become a concern due to limited treatment alternatives
and high mortality rates. In infections caused by
resistant pathogens such as CRE, treatment with only a
single antibiotic may be insufficient and combination
treatments are needed [ 10] Today, natural products used
in combination therapy have been widely used due to a
number of advantages such as low toxicity and low
antibiotic resistance stimulation [5]. Polyphenols are
among the natural products used for this purpose.
Polyphenols are responsible for the color formation of
many plants that produce them and are thought to give
plants an evolutionary advantage for survival. In
addition to these properties, it is known that
polyphenols have anti-inflammatory and antioxidant
effects. In recent years, the presence of antimicrobial
activity of polyphenols, including Quercetin, has been
reported [11]. Quercetin is thought to exert its
antibacterial activity against bacteria by cytoplasmic
membrane damage, inhibition of nucleic acid synthesis,
inhibition of biofilm formation, changes in cell
permeability, or inhibition of bacterial energy
metabolism [12,13]. Studies have reported that when
given in combination with other polyphenols or
antibiotics, the therapeutic activity of the other
polyphenol or the combined antibiotic is enhanced by
synergistic activity[12,13]. It also made it possible to
reduce the dose of antibiotics used thanks to the
combination [12,13]. Synergy has been observed in
most antibiotic combination studies with quercetin.
However, synergy rates differ between the antibiotics
and strains used. The reason for this may be the
existence of different mechanisms of action and
resistance among bacteria and the different mechanisms
of action of Quercetin [14]. Vipin ef al. obtained higher
synergistic activity on resistant P.aeruginosa isolates in
the combination of quercetin tobramycin and amikacin
compared to the combination of Ilevofloxacin,
ceftriaxone, gentamycin. They suggested that this result
may be due to the difference in the mechanism of action
of drugs [14]. The first studies on the antimicrobial
activity of quercetin showed that quercetin may have
antibacterial activity against Gram-positive bacteria
isolated from the oral cavity and intestine [11,12].
However, few subsequent studies have revealed that
Quercetin may show synergistic activity in combined
treatments on ESBL-producing K. pneumoniae, multi-
drug-resistant Mycobacterium tuberculosis,
Campylobacter jejuni, and resistant P.aeruginosa
strains [15,16]. However, studies on this subject are not
enough. There is insufficient information about the
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synergistic activity with carbapenems, especially in
carbapenem resistant strains. In this respect, the results
of our study will contribute to the existing information
in the literature regarding the antibacterial and
synergistic activity of Quercetin. In this study, where
we aimed to investigate the efficacy of quercetin +
meropenem combination in 30 carbapenem-resistant K.
pneumoniae strains, we found synergistic activity in
80% of the strains. In our study, it was determined that
91.6% of the strains with synergistic effects (FIKI
range: 0.003-05) produced one and/or more than one
carbapenemase gene. Carbapenemase gene could not be
detected in only 2 strains. In our study, it was thought
that there might be an enzyme type other than
carbapenemase genes (blaKPC, blaNDM, blaVIM,
blaOXA-48, and blaIMP), which are within the scope
of the automated multiplex PCR system (Cepheid,
GeneExpert) in which carbapenemase genes were
analyzed. Pal et al. They reported that the quercetin-
meropenem combination showed synergistic activity in
89.25% of carbapenem-resistant K. pneumoniae and E.
coli isolates with NDM, OXA-48, and KPC genes [8]
In our study, antagonism was observed in 1 strain in
which we detected the KPC gene; additive effect in
66.6% of NDM detected genes (7/4), synergistic effect
in 42.8%; in 95% of the strains (20/19) in which we
detected the OXA-48 gene, a synergistic effect was
detected, while an additive effect was observed in only
1 strain. It can be said that the carbapenemase species
produced by the bacteria affect the in vitro synergistic
activity of the Meropenem-Quercetin combination.
However, there is not enough data in the literature
showing the relationship between synergistic activity
and carbapenemase types of bacteria. The low number
ofisolates examined in our study can be counted among
the limitations of the study.

Conclusions

As a result, it has been determined that the
combined use of Quercetin and Meropenem against
carbapenem-resistant K. pneumoniae isolates has a high
synergistic effect. However, carbapenemase types were
found to affect the outcome. More comprehensive
studies are needed on this subject.

References

1. CorreaL, Martino MD, Siqueira I, Pasternak J, Gales AC, Silva
CV, Camargo TZ, Scherer PF, Marra AR (2013) A hospital-
based matched case-control study to identify clinical outcome
and risk factors associated with carbapenem-resistant
Klebsiella pneumoniae infection. BMC Infect Dis 13: 80. doi:
10.1186/1471-2334-13-80.

1328



Aydemir et al. — Quercetin-Meropenem in Klebsiella pneumoniae

10.

Codjoe FS, Donkor ES (2017) Carbapenem resistance: a
review. Med Sci 21: 1. doi: 10.3390/medsci6010001.

Zhang P, Shi Q, Hu H, Hong B, Wu X, Du X, Akova M, Yu'Y
(2020) Emergence of ceftazidime/avibactam resistance in
carbapenem-resistant Klebsiella pneumoniae in China. Clin
Microbiol Infect 26 Suppl 1: 24. doi:
10.1016/j.cmi.2019.08.020.

Shin B, Park W (2018) Zoonotic diseases and phytochemical
medicines for microbial infections in veterinary science:
current state and future perspective. Front Vet Sci 5: 166. doi:
10.3389/fvets.2018.00166.

ZengM, Yang L, He D, Li Y, Shi M, Zhang J (2017) Metabolic
pathways and pharmacokinetics of natural medicines with low
permeability. Drug Metab Rev 49: 464-476. doi:
10.1080/03602532.2017.1377222.

Brglez Mojzer E, Knez Hrngi¢ M, Skerget M, Knez Z, Bren U
(2016) Polyphenols: extraction methods, antioxidative action,
bioavailability and anticarcinogenic effects. Molecules 21: 90.
doi: 10.3390/molecules21070901.

Bag A, Chattopadhyay RR (2015) Evaluation of synergistic
antibacterial and antioxidant efficacy of essential oils of spices
and herbs in combination. PLoS One 10: e0131321. doi:
10.1371/journal.pone.0131321.

Pal A, Tripathi A (2020) Demonstration of bactericidal and
synergistic activity of quercetin with meropenem among
pathogenic carbapenem resistant Escherichia coli and
Klebsiella pneumoniae. Microb Pathog 143: 104120. doi:
10.1016/j.micpath.2020.104120.

EUCAST (2021) The European committee on antimicrobial
susceptibility testing breakpoint tables for interpretation of
MICs and zone diameters. Available:
http://www.eucast.org/Version: Version Accessed:
January 01, 2021.

Giliran M, Sanlititk G, Kerkiikli NR, Altundag EM, Siiha
Yalcin A (2019) Combined effects of quercetin and curcumin
on anti-inflammatory and antimicrobial parameters in vitro.
Eur J Pharmacol 15: 859. doi: 10.1016/j.ejphar.2019.172486.

11.0.

12.

13.

14.

15.

16.

J Infect Dev Ctries 2023; 17(9):1325-1329.

. Oktyabrsky ON, Bezmaternykh KV, Smirnova GV, Tyulenev

AV (2020 ) Effect of resveratrol and quercetin on the
susceptibility of Escherichia coli to antibiotics. World J
Microbiol Biotechnol 36: 167. doi: 10.1007/s11274-020-
02934-y.

Farhadi F, Khameneh B, Iranshahi M, Iranshahy M (2019)
Antibacterial activity of flavonoids and their structure-activity
relationship: Anupdate review. Phytother Res 33: 1:13-40. doi:
10.1002/ptr.6208.

Yang D, Wang T, Long M, Li P (2020) Quercetin: its main
pharmacological activity and potential application in clinical
medicine. Oxid Med Cell Longev 2020: 8825387. doi:
10.1155/2020/8825387.

Vipin C, Saptami K, Fida F, Mujeeburahiman M, Rao SS,
Athmika, Arun AB, Rekha PD (2020) Potential synergistic
activity of quercetin with antibiotics against multidrug-
resistant clinical strains of Pseudomonas aeruginosa. PLoS
One 6: €0241304. doi: 10.1371/journal.pone.0241304.

Dey D, Ray R, Hazra B (2015) Antimicrobial activity of
pomegranate  fruit constituents against drug-resistant
Mycobacterium tuberculosis and p-lactamase producing
Klebsiella pneumoniae. Pharm Biol 53: 1474-80. doi:
10.3109/13880209.2014.986687.

Campana R, Patrone V, Franzini IT, Diamantini G, Vittoria E,
Baffone W (2009) Antimicrobial activity of two propolis
samples against human Campylobacter jejuni. J Med Food 12:
1050-6. doi: 10.1089/jmf.2008.0173.

Corresponding author

Ozlem Aydemir MD

Sakarya University,

Department of Medical Biology, Faculty of Medicine,
Sakarya, Turkey

Tel: +90 5056369400

Email: akkozlem@hotmail.com

Conflict of interests: No conflict of interests is declared.

1329



	Introduction
	Methodology
	Determination of MIC values of Meropenem and Quercetin
	Phenotypic and genotypic determination of carbapenemase production
	Determination of Synergistic Effect with Checkerboard Method

	Results
	Discussion
	Conclusions
	References
	Corresponding author


