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Abstract

Ama¢  Antimikrobiyal direng, hem tibbi hem de ekonomik sonuglara neden olan ciddi bir kiiresel sorundur. Klebsiella p iae (K. p iae), yaygin diren¢ mekanizmalar1 nedeniyle
bu yiiklerde 6nemli rol oynayan gram-negatif bir bakteridir. Bu ¢alisma, disk difiizyon yontemini kullanarak meropenem ve gentamisin arasindaki sinerji ve antagonizmi aragtirmakta
ve bu bulgular1 dama tahtas: yonteminden elde edilen sonuglarla kargilagtirmaktadir. Sonuglar tutarliysa, disk difiizyon yonteminin giivenilirligini dogrulayarak, diger test yontemle-
rine uygun maliyetli bir alternatif

Geregve  Dama tahtasi yontemi, iki antimikrobiyal ajanin etkilesimini (sinerjik, kayitsiz veya antagonistik) degerlendirmek igin, ajanlarin degisen konsantrasyonlarini iceren kuyucuklardan
Yontem  olugan bir 1zgara hazirlayarak kullanilir. Kombinasyonun etkinligini degerlendirmek igin fraksiyonel inhibitor konsantrasyon indeksi (FICI) hesaplanir.
Disk difiizyon yonteminde, bir ajanin antimikrobiyal aktivitesi, ajana batirilmis disklerin bakterilerle agilanmug bir agar plakasina yerlestirilmesiyle belirlenir. Inkiibasyondan sonra,
duyarliligi degerlendirmek i¢in inhibisyon bolgesinin ¢ap: dl¢iiliir.

Bulgular  Her iki yontemle de 30 Klebsiella pneumaniae izolatinin higbirinde sinerji veya antagonizm tespit edilmemistir.

Sonug  Disk difiizyon yontemi, 6zellikle imkanlarin kisith oldugu durumlarda, diger in vitro sinerji testlerine uygun maliyetli ve giivenilir bir alternatiftir.

Anahtar O, . .
R gentamisin, in vitro sinerji, Klebsiella Pneumoniae, meropenem
Kelimeler
Ozet
Aim  Antimicrobial resistance is a severe global problem, causing both medical and economic results. Klebsiella p iae (K. p iae)isag gative bacterium that plays a major role
in these burdens due to its widespread resistance mechanisms. This study searchs for the synergy and ism between p and icin using the disk diffusion method and

compares these findings with results from the checkerboard method. If the results are consistent, validating the reliability of the disk diffusion method, it could be a cost-effective alternative
to other testing

Material and  The checkerboard method is used to assess the interaction of two antimicrobial agents (synergistic, indifferent, or antagonistic) by preparing a grid of wells containing varying concentrations
Method  of the agents. The fractional inhibitory concentration index (FICI) is calculated to evaluate the combination’s efficacy.
In the disc diffusion method, the antimicrobial activity of an agent is determined by placing discs soaked in the agent on an agar plate inoculated with bacteria. After incubation, the diameter
of the inhibition zone is measured to assess susceptibility.

Results  No synergy or antagonism was detected in any of the 30 Klebsiella pneumaniae isolates by either method.
Conclusion  The disc diffusion method is a cost-effective and reliable alternative to other in vitro synergy tests, especially when facilities are limited.

Keywords  gentamicin, in vitro synergy, Klebsiella Pneumoniae, meropenem
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INTRODUCTION

Klebsiella pneumoniae is a gram-negative bacterium that
may be localized in various sites. In animals, it is found
on mucosal surfaces and in environmental locations such
as water and soil. In humans, it can also be found in the
gastrointestinal tract and nasopharynx.! However, path-
ogenic strains of K. pneumoniae create significant chal-
lenges in treatment, due to the variety of their resistance
mechanisms. These are extended-spectrum beta-lactama-
ses (ESBLs) and carbapenemases, which are responsible
for resistance to many beta-lactam antibiotics, and plas-
mid-mediated AmpC enzymes promote multidrug resist-
ance, complicating treatment options.>*> Some clinical K.
pneumoniae isolates are resistant to all available antibiot-
ics.*

The increase in these multidrug-resistant isolates necessi-
tates the development of new classes of antibiotics or alter-
native treatment strategies.”> Especially in populations such
asimmunocompromised patients or those with underlying
conditions, infection can lead to serious diseases resulting
in high morbidity and mortality rates.” Resistance of K.
pneumoniae to broad-spectrum antibiotics significantly
limits treatment choices and leads to increased healthcare
costs, longer hospital stays, and the need for more expen-
sive treatments.® As a possible treatment for these infec-
tions, this study aims to detect if there is synergy between
meropenem, a widely used broad-spectrum carbapenem,
and gentamicin, an aminoglycoside. This study aims to de-
termine whether using of these antibiotics in combination
is more effective against resistant K. pneumoniae strains.
The reason for selecting these two antibiotics is based on
previous studies showing that carbapenem-resistant Kleb-
siella pneumoniae (CRKP) strains resistant to meropen-
em may exhibit susceptibility to gentamicin.” Addition-
ally, some studies have demonstrated a potential synergy
between meropenem and gentamicin in certain cases.
Furthermore, gentamicin-based combinations showed a
high level of synergy determined in the study conducted
by Oliva et al."! The primary aim of this study, in addition

to identifying the potential synergy between these two se-
lected antibiotics, is to evaluate the reliability of the disk
diffusion method. In vitro synergy tests are highly costly
procedures. Therefore, assessing the reliability of the disk
diffusion method holds significant importance for deter-
mining antibiotic combinations in healthcare centers lack-
ing access to such facilities. This study will further com-
pare the outcomes of both methods to establish whether
the disk diffusion method, while easy and accessible, gives
results comparable to the more complex checkerboard
method. If validated, the disk diffusion method may serve
as a reliable alternative in resource-limited settings and
may make treatment selection more cost-effective in the

case of antimicrobial resistance.

METHODOLOGY
Klebsiella
(CRKP) isolates obtained from samples sent to the On-

Thirty carbapenem-resistant pneumoniae
dokuz Mayis University Microbiology Laboratory were
included in the study. The identification of the isolates was
performed using the Vitek MS (Biomeriux, France) sys-
tem, and antibiotic susceptibility was determined with the
Vitek2 Compact (Biomeriux, France) device. Two differ-
ent methods were used to evaluate synergy between mer-
openem and gentamicin: the disk diffusion method and
the checkerboard method. The disk diffusion method is
simpler and more cost-effective, while the checkerboard
technique, which is complex and more costly. Initially, the
inhibition zone diameters of all isolates were determined
by the disk diffusion method. Additionally, the minimum
inhibitory concentration (MIC) values of all isolates were
determined using the microdilution method in a 96-well

plate.

Synergy with Disk Diffusion
A bacterial suspension was prepared from the isolate to be
tested at a bacterial density of 0.5 McFarland, and then it
was inoculated onto a Mueller-Hinton agar plate. Merope-
nem and gentamicin disks were placed 20 mm apart, and

the plate was incubated at 37°C for 20 hours. Following
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incubation, the presence or absence of bridging between
the disks and a comparison with the initial zone diameter
were evaluated. An increase of 22 mm in the inhibition
zone diameter or the presence of bridging was interpreted

as synergy.'?

Checkerboard Method
Stock solutions of each antibiotic were prepared for the
synergy test, and two-fold serial dilutions were performed
in separate tubes. In each well designated for combination
testing, twice the desired final concentration was pre-
pared in the tube, as both antibiotics were present in equal

amounts in the same well, diluting each other by one-fold.

o Each well designated for the combination was given
50 pL from each of the two antibiotic solutions, re-
sulting in a final volume of 100 pL per well.

« Ineach microplate panel, the first horizontal row (A2-
A12) and the first vertical column (B1-H1) wells were
reserved for determining the MICs of individual anti-
biotics (antibiotics a and b). The other wells contained
the combinations of antibiotics a + b.

o While preparing the antibiotic dilutions to be trans-
ferred to the wells (at a higher concentration), the vol-
ume of solution was calculated as the number of wells
x 50 pL per well. For instance, if the desired concen-
tration of antibiotic a in the well was 0.5 pg/mL, then
the concentration prepared in the tube was 1 pg/mL,
and the volume was calculated as the number of wells
that required 0.5 ug/mL of antibiotic a x 50 pL (e.g., 8
wells x 50 puL = 400 pL in the tube).

« A bacterial suspension with a turbidity of 0.5 McFar-
land (1.5 x 10A8 CFU/mL) was prepared and diluted
ataratio of 1:30 (5 x 106 CFU/mL); 10 pL (5 x 1074
CFU) was then inoculated into each well, except for
the sterility control well. Thus, each well with 100 pL
of antibiotic combination solution contained approx-
imately 5 x 10A4 CFU/100 uL, or 5 x 10A5 CFU/mL
of bacteria.

o If Mueller-Hinton Broth (MHB) was used in the bac-

terial suspension, the antibiotic dilutions were also
prepared in MHB.

o In each experiment, one well (A1) was left without
antibiotics and used as a growth control. During read-
ing, this well was expected to exhibit heavy turbidity.

o One well (H12) contained only medium and served as
the medium sterility control.

o After the panel was completed, the microplate lid
was closed and incubated for 16-20 hours at 35-37°C.
At the end of incubation, wells without growth were
identified, and the Fractional Inhibitory Concentra-
tion (FIC) index was calculated to determine synergy,
which was then compared with the results of the disk

diffusion synergy test.

If the FIC index was <0.5, it was evaluated as synergy; be-

tween 1 and 4 as indifference; and >4 as antagonism."

The results obtained with the disk diffusion synergy meth-
od were compared with those obtained by the checker-
board method.

DISCUSSION
In this study, no synergism between meropenem and gen-
tamicin was found same as previous studies.’* However,
there are no further studies investigating the interaction
between meropenem and gentamicin. This emphasises the
continuing challenges in the treatment of infections caused
by carbapenem-resistant Klebsiella pneumoniae (CRKP).
Furthermore, this observation is in line with previous
studies that underline the disc diffusion method as a re-
liable test.'>'® Similarly, antimicrobial susceptibility results
determined using the broth microdilution method and
disc diffusion test results were found to be compatible.”
CRKP is known for its ability to develop multidrug resist-
ance due to mechanisms such as carbapenemase produc-
tion, extended-spectrum beta-lactamases (ESBLs), efflux
pumps and alterations in membrane permeability.'s!*2*2!
These factors make it difficult to develop effective combi-

nation therapies and it has become peremptory to develop
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treatment options as an alternative to antibiotic therapy for

combating antibiotic-resistant pathogens.?

The consistency of the results obtained from both methods
in this study emphasizes the reliability of the disc diffusion
technique, which is an in vitro synergy test. This research
contributes to the validation of the disk diffusion method,
supporting its potential as a preliminary tool for detect-
ing antibiotic synergy, especially in resource-limited set-
tings. The disk diffusion method offers a more accessible
and cost-effective alternative to the time- consuming and
resource-intensive checkerboard method. The use of disk
diffusion for initial screening may be useful in healthcare
centre that do not have advanced microbiological testing
and may allow timely definition of resistance profiles and
identification of the appropriate antibiotic.”® This proce-
dure can help rapidly assess antibiotic effectiveness, es-
pecially in developing countries where resistance testing

resources are limited.

The consistency of the results obtained from both methods
in this study highlights the reliability of the disk diffusion
technique, an in vitro synergy test. The consistency of the
results obtained from both methods in this report justifies
the disk diffusion technique as a reliable in vitro synergy
test. This study contributes to the validation of the disk dif-
fusion method, supporting its potential as a preliminary
tool for the detection of antibiotic synergy, especially in
resource-limited settings. The disk diffusion method offers
a more accessible and cheaper alternative to the checker-
board method.* The use of disk diffusion for initial screen-
ing may be useful in healthcare facilities that do not have
advanced microbiological testing infrastructure and may
allow for timely determination of resistance profiles and
identification of the correct antibiotic. This technic may
offer the possibility of a rapid way of evaluating antibiotic
efficiency, especially in developing and low-income coun-

tries where resistance-testing resources are limited.?>*

In conclusion, no synergy or antagonism detected between

meropenem and gentamicin against CRKP, as determined
with both disk diffusion and checkerboard methods, un-
derscores the complexity of treating infections caused
by multidrug-resistant organisms. The validation of this
study the disk diffusion method as a reliable tool in re-
source-limited settings represents a significant advance-
ment in the fight against antimicrobial resistance, by mak-

ing access easier for assessing resistance patterns.

However, unlike our findings, some studies have men-
tioned a synergistic interaction between meropenem and
highlight

the need for investigation in search of more appropriate

gentamicin.’*?” These contrasting results
combination alternatives, new antibiotic drugs, and novel
therapeutic approaches. Considering ongoing increases
in worldwide antimicrobial resistance, clinical practice
needs to evolve and include advances in diagnosis, as well
as evidence-based programs, to enhance treatment out-
comes and limit the spread of resistant pathogens. With
collaboration in research and adapting healthcare practic-
es, the medical community can work toward sustainable

solutions in the management of infections caused by such

challenging pathogens as CRKP.

RESULTS
The disc diffusion method showed that there was no syn-
ergy between meropenem and gentamicin in any of the 30
K. pneumoniae isolates tested. The fact that the zones of
inhibition remained below the 2 mm increase required to
show synergy proves that the antibiotics do not enhance

the effects of each other under these conditions.

The results of the checkerboard method were consistent
with the findings of the disc diffusion method for all 30
isolates. FICI values in all combinations were above 0.5,
indicating no synergy. In addition, no antagonistic inter-
action (FICI > 4) was observed. The disc diffusion and
checkerboard methods gave the same results, indicating
that there was no synergy between meropenem and gen-

tamicin for the K. pneumoniae isolates tested.
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CONCLUSION
This study confirms that there is no synergy exists between
meropenem and gentamicin against K. pneumoniae iso-
lates based on both the disk diffusion and checkerboard
methods. The consistency in results between these meth-
ods validates the disk diffusion method as a preliminary
screening tool, especially in settings with limited resourc-
es, cost-effective approach for the initial testing of antibiot-
ic combinations. Further studies are recommended using
larger sample sizes with different antibiotic combinations
to find effective treatments against resistant K. pneumoniae

strains.
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