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ABSTRACT

Introduction: Infections caused by carbapenem-resistant Acinetobacter strains have become very common in recent years, and the
most frequently used medicinal treatment is colistin. Combination treatments should also be applied to prevent development of
resistance to colistin. This study examines the in vitro synergic effect of the colistin/sulbactam combination in carbapenem-resistant
Acinetobacter strains with the time-kill and checkerboard methods.

Materials and Methods: Twenty carbapenem-resistant Acinetobacter baumannii-calcoaceticus complex strains, which were isolated
from various clinical samples, were included in this study. Strains were identified with mass spectrometry, and antibiotic sensitivity
results were determined with the VITEK 2® system. The in vitro effect and synergic activity of the colistin, sulbactam, and colistin/
sulbactam combination on the carbapenem-resistant strains were determined using the time-kill and checkerboard methods. Seventeen
strains were examined with the time-kill method, and twenty strains were examined using the checkerboard method. The fractional
inhibitory concentration index of strains was calculated for detection of synergic effect.

Results: Using the time-kill method applied on the colistin/sulbactam combination showed that the combination had a synergic effect
on all 17 strains, while sulbactam alone did not have a bactericidal effect in the studied concentrations. When applying the checker-
board method, it was determined that the colistin/sulbactam combination had a synergic effect on 17 of the strains (85%) and an
additive effect on 3 strains (15%), sulbactam had a low effect alone (15%), and colistin was effective on all strains.

Conclusion: Study results indicated that the colistin/sulbactam combination had a high level of synergic effect on all studied strains
using both methods.
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Investigation of the synergic effect of the colistin/sulbactam combination in Acinetobacter baumannii

0z
Karbapeneme Direncli Acinetobacter baumannii complex Suslarinda Kolistin/Sulbaktam
Kombinasyonunun Sinerjik Etkinliginin Time-Kill ve Checkerboard Ydntemi ile Arastiriimasi

imdat KILBAS', Huseyin HATIPOGLU', Umit KILIC!, Elmas Pinar KAHRAMAN KILBAS?,
Mehmet KOROGLU', Mustafa ALTINDIS!

1 sakarya Universitesi Tip Fakultesi, Tibbi Mikrobiyoloji Anabilim Dali, Sakarya, Tarkiye
2 Fenerbahce Universitesi, Saglik Hizmetleri Meslek Yuksekokulu, Tibbi Laboratuvar Teknikleri Programu, Istanbul, Tarkiye

Giris: Karbapenem direncli Acinetobacter suslarinin neden oldugu infeksiyonlar son yillarda ¢cok yaygin hale gelmistir ve en sik kullanilan
tibbi tedavi kolistindir. Kolistin direncinin gelismesini 6nlemek icin kombinasyon tedavileri de uygulanmalidir. Bu ¢calisma karbapenem
direncli Acinetobacter suslarindaki kolistin/sulbaktam kombinasyonunun in vitro sinerjik etkisini zaman éldtirme ve dama tahtasi yon-
temleriyle incelemektedir.

Materyal ve Metod: Cesitli klinik 6rneklerden izole edilen yirmi karbapenem direncli Acinetobacter baumannii-calcoaceticus kompleks susu
bu calismaya dabhil edilmistir. Suslar kiitle spektrometrisi ile tanimlanmus ve antibiyotik duyarlilik sonuglari VITEK 2® sistemi ile belirlenmistir.
Karbapenem direncli suslar tizerinde kolistin, sulbaktam ve kolistin/sulbaktam kombinasyonunun in vitro etkisi ve sinerjik aktivitesi, zaman
oldiirme ve dama tahtasi yontemleri kullanilarak belirlenmistir. 17 sus zaman 6ldtirme yéntemi ile incelendi ve yirmi sus da dama tahtasi
yontemi kullanilarak incelendi. Suslarin fraksiyonel inhibitér konsantrasyon indeksi sinerjik etkinin saptanmasi icin hesaplanmistir.

Bulgular: Kolistin/sulbaktam kombinasyonu lizerine uygulanan zaman éldiirme yénteminin kullanilmasi, kombinasyonun 17 susun
tlimti tizerinde sinerjik bir etkiye sahip oldugunu, ancak sulbaktamin sadece incelenen konsantrasyonlarda bakterisidal bir etkiye sahip
olmadigini gosterdi. Dama tahtasi yontemini uygularken, kolistin/sulbaktam kombinasyonunun suslarin 17'sinde sinerjik bir etki (%85)
ve 3 susta (%15) ilave bir etkiye sahip oldugu, sulbaktamin tek basina diistik bir etkiye (%15) sahip oldugu belirlenmistir ve kolistin
tim suslarda etkiliydi.

Sonug: Calisma sonuglari, kolistin/sulbaktam kombinasyonunun her iki yontem kullanilarak incelenen tiim suslar lizerinde ytiksek
diizeyde sinerjik etkiye sahip oldugunu gdstermistir.

Anahtar Kelimeler: Acinetobacter baumannii; Kolistin; Sulbaktam; Sinerji; Time-kill; Checkerboard

INTRODUCTION meability for some antibiotics, and efflux pum-
ps[6]. Another concern about Acinetobacter spp.
is they rapidly develop resistance and, thus, lead
to resistance to multiple drug- resistant strains.
Resistance can also develop to carbapenem group
antibiotics, one of the most important treatment
alternatives for these infections. These issues pre-
sent challenges in the treatment of Acinetobacter
infections'>7-8. The most common, most impor-
tant, and last alternative drug in treatment for
these infections in recent years has been colistin
(Polymyxin E)®). Despite its side effects, colistin is
used in treatment today due to the lack of alter-
native options!'? However, it is recommended to
avoid using colistin alone to treat these infections;
combination treatments are preferred to prevent
development of resistance!’>22. The presence of
Acinetobacter strains, which are also resistant to
colistin as observed in recent years, points to the
importance of these combination treatments!13-14],

Infections caused by the Acinetobacter spp.
species, referred to as opportunistic infections,
have become more widespread in recent years.
Acinetobacter species cause various infections,
including ventilator-associated pneumonia, bactere-
mia, meningitis, catheter-related bloodstream infe-
ctions, urinary tract infections, and surgical area
infections!’ 3!, The ability of Acinetobacter species
to survive in contained areas for long periods
depends on its resistance to heat and pH fluc-
tuations, as well as external environmental con-
ditions!®4°. These characteristics pave the way
for outbreaks through intensive care personnel or
materials of common use.

Acinetobacter spp. isolates are resistant to
many antibiotics, as they have plasmids, transpo-
sons, and integrons, which include genes resistant
to different antibiotics, low outer membrane per-
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Various studies in the literature documented
research on the synergic effect of various antibi-
otic combinations with colistin against Acinetoba-
cter strains[10’15'18]; a few in vitro studies have
examined the synergic effect of the colistin/sulba-
ctam combination using various methods (time-Kill,
checkerboard, prediffusion, and E-test, to name a
few)(14.18-201 " This study involves an examination
of the synergic effect of the colistin/sulbactam
combination on Acinetobacter baumannii/calco-
aceticus complex strains, isolated from various
clinical samples, which are also resistant to car-
bapenem group antibiotics, using the time-kill and
checkerboard methods.

MATERIALS and METHODS
Identification and Antibiotic Sensitivity

of Strains

Twenty Acinetobacter baumannii/ calcoaceticus
complex strains resistant to carbapenem group
antibiotics, isolated from wvarious clinical samples

sent to Sakarya University Training and Research
Hospital Medical Microbiology Laboratory, were
included in this study. Samples were collected
between January 2016 and May 2017. 8 samp-
les were obtained from chest diseases, 6 from
internal medicine, 1 from infectious diseases, 1
from surgery and 4 from the intensive care unit.
The identification testing of the isolates was car-
ried out using matrix-assisted laser desorption io-
nisation time of flight mass spectrometry (VITEK
MS, bioMerieux, Marcy I'Etoile, France). Antimic-
robial susceptibility tests were analysed using the
VITEK® 2 automated system (bioMerieux, Marcy
I'Etoile, France) (Table 1).

Time-kill method

Seventeen carbapenem-resistant Acinetobacter
baumannii/ calcoaceticus complex strains were stu-
died with the time-kill method. Mueller Hinton
Broth (MHB) was used for antibiotic dilution in
tubes, and Mueller Hinton Agar (MHA) was used

Table 1. Antibiotic sensitivity of strains used in this study identified using the VITEK 2® automated system

Strain CS IPM MEM FEP TET TZP GM SXT AMP AMC AMi CAZ TGC CIP LEV SAM SFP
1 S R R R R R S R R R R R _ R R _ _
2 S R R _ R R R R R R R R S R R R R
3 S R R R R R S R R R S R | R R R R
4 S R R R _ R S R R R S R S R _ R R
5 S R R R R R R R _ _ R R | R R R R
6 S R R R R R S S _ _ R R _ R I R R
7 S R R R R R S S _ _ S R | R R R R
8 S R R R R R R R _ _ R R _ R R _ _
9 S R R R R R R R R R | R _ R _ _ _
10 S R R R _ R R R R R S R _ R _ _ _
11 S R R R | R S R _ _ S R S R R R R
12 S R R R R R R R _ _ S R S R R R R
13 S R R R S R R S _ _ R R | R I R R
14 S R R R S R S R R R R R _ R _ _ _
15 S R R R | R S R _ R R R | R R R R
16 S R R R R R S R _ _ S R S R R R R
17 S R R R R R R R _ _ S R S R R R R
18 S R | | R R R R _ _ R R S R R R S
19 S | R S | | S S _ _ S S S R | R S
20 S R R R R R R R R R S R R R |

S: Sensitive, I: Intermediate, R: Resistance, CS: Colistin, IPM: Imipenem, MEM: Meropenem, FEP: Sefepim, GM: Gentamicin, SXT:
Trimethoprim/sulfamethoxazole, TET: Tetracycline, TZP: Piperacilin/Tazobactam, Amp: Ampicilin, AMC: Amoxicillin/Clavulanic Acid,
AMI: Amikacin, CAZ: Ceftazidime, CIP: Ciprofloxacin, LEV: Levofloxacin, SAM: Ampicilin/Sulbactam, SFP: Cefoperazone/Sulbactam,

TGC: Tigecycline.
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for viable count. Bacterial suspension was con-
figured to the 0.5 McFarland standard with the
photometric method for every strain, so the final
bacterial count was adjusted to 1x10°cfu/mL.

Antibiotic (colistin and sulbactam) MHB was
prepared in concentrations two times high and
two times low than the MIC value in current
Clinical & Laboratory Standards Institute (CLSI)
standards for colistin and sulbactam. For the final
concentration, the first tubes were prepared to
include 8 pg/mL colistin (4x-MIC), 16 pg/mL sul-
bactam (4x-MIC), and 8 pg/mL colsitin+16 ng/
mL sulbactam, and the tubes were held subject
to serial dilution. Every tube received a transfer
of 100 pL bacteria from the bacteria suspension
and left for incubation at 35-37°C. Right before
the start of incubation (0 hour), 100 pL from
each concentration of antibiotics and the control
tube was transferred to the first tube, which
included 900 pL 0.09% saline solution, and the
other tubes (remaining 5) were held subject to
serial dilution. Bacteria+antibiotic suspension was
taken with 0.001 mL single use standard loop
from every tube after serial dilution and cultured
in the MHA. The same process was repeated
at 3, 6, 12, and 24 hours. Reproduction in the
passages in the MHA was evaluated after 16-18

hours of incubation at 35-37°C. If reproduction
was present, the number of colonies was recor-
ded. Taken into account were 30-300 with co-
lony reproduction of the plates from six dilutions.
When less than 30 reproductions were identified
in all six plates, the number of colonies in the
dilution free plate or the number of colonies in
the plate from the first dilution was taken into
account?1-22],

If there was 3 log;, and higher reduction in
the bacteria count in the reading periods com-
pared to the initial dilution (1x105), it was the
bactericidal effective concentration of the antibio-
tic in the respective reading period. The numbers
of colonies in every antibiotic concentration and
reading period for every strain were logarithmi-
cally recorded.

Checkerboard Method

As a result of the calculations made according
to the MICs of antibiotics for the study; 1 mg
colistin, 62.5 mL and 1 mg sulbactam were dilu-
ted with 7.8 mL MHB (16 pg/mL, 128 pg/mlL).
1 mL of each dilution was taken and subjected
to serial dilution in tubes containing 1 ml MHB.
100 pL of each of these prepared dilution tubes
were pipetted into the wells in the microplate.
Later; The bacterial suspension prepared in MHB

COLISTIN (pg/ml)

SULBACTAM (pg/ml) eo—

Colistin/Sulbactam combination MIC

Figure 1. Colistin/sulbactam combination synergy study with checkerboard method.
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was adjusted to 0.5 McFarland standard by pho-
tometric method, diluted 1/30 and 10 pL of
this bacterial suspension was added to all wells
in the microplate[37]. The results were evaluated
after 18-20 hours of incubation at 35-37°C. MIC
values of each strain were determined for colistin
and sulbactam. MIC studies of 8 strains were
performed in each microplate.

One microplate was used for combination/
synergy (colistin + sulbactam) study with each
strain. For the colistin and sulbactam combina-
tion study, 50 pL of the colistin dilutions were
placed in microplate wells before the 1 mL an-
tibiotic tubes, dilutions of which were prepared
as described above. Colistin concentration in the
microplate was adjusted from left to right in
such a way that the titers gradually decreased.
Then, 50 pL was added with increasing sulbac-
tam concentration from top to bottom (A-B-C-D
direction). Except for the negative control (sterility
control) well, 10 pL of the bacterial suspension
was added to all the wells in the microplate and
incubated. Colistin and sulbactam MIC values
were determined under combination conditions
after incubation. While evaluating the synergistic
effect in the study, it was evaluated using the
methods determined by the Clinical and Labora-
tory Standards Institute (CLSI)[23].

Determination of Synergy

Using the checkerboard method, the fractional
inhibitory concentration index (FICI) of all strains
was calculated as follows: FICI, 5 = (MICA(
nation)/ MICA (alone)) + (MICB(combination) B (alo-
ne)). According to accepted criteria, the result of
FICIA/B was recorded for each strain as follows:
<0.5, synergy; > 0.5-<1, additivity; > 1-<4, in-
difference; and > 4, antagonism[20724].

combi-

Using the time-kill method, 3 log;, and/or
more reduction in the bacteria count in the same
dilution and at the same hour compared to the
colistin/sulbactam combination and colistin alone
was evaluated as synergic.

Ethical Assessment

Approval was obtained from Sakarya Univer-
sity Faculty of Medicine Deanery Non-invasive
Ethics Committee for our study.

RESULTS

A bactericidal effect was identified in all 17
strains on which the colistin/sulbactam combina-
tion synergic effect was studied with the time-kill
method. In addition to 17 isolates studied with
the Time Kill method, 3 strains isolated later on
were studied only with the Checkerboard method
due to technical inadequacies. Using the time-kill
method, synergy was determined in 15 isolates
(88.3%) at 3 hours and in 13 isolates (76.4%)
at 12 hours in MIC/2 dilution. Colistin was the
most effective at 6 hours. Bactericidal effect was
observed in some reading periods, even in the
colistin MIC/2 concentration. The log;-based co-
lony numbers of colistin, sulbactam and colistin
sulbactam according to the incubation times of
17 strains in the time kil method are given in
Table 3 and Figure 2.

The MIC values of antibiotics alone and in
combination in the strains included in the study
determined with the checkerboard method are
provided in Table 2. The colistin MIC value was
lower than the values determined in the VITEK
2® automated system in three strains. Using this
method, sulbactam alone was only effective on
the MIC level (8 pg/mL) in 3 strains (15%) with
the checkerboard method. A synergistic effect
was found in 17 (85%) of 20 strains with the
colistin/sulbactam combination. An additive effect
was detected in 15% of the 3 strains with this
method. The MIC mean value was 0.05 + 0.71
for colistin and 4.6 + 3.11 for sulbactam in the
combination. In addition, MIC values and syner-
gy findings also obtained with the checkerboard
method and VITEK 28 system are summarised
in Table 2.

DISCUSSION

Acinetobacter species are important pathogens
that cause ventilator-associated pneumonia, bloo-
dstream infections, and wound infections in immu-
nosuppressed patients. Hospital infections caused
by Acinetobacter spp. have gradually increased
in recent years. Acinetobacter calcoaceticus-Aci-
netobacter baumannii (ACB) complex is the most
frequent factor in this type of infection among
Acinetobacter species. The most important prob-
lem in the treatment of these infections is that

FLORA 2021;26(1):151-162

[155



| Investigation of the synergic effect of the colistin/sulbactam combination in Acinetobacter baumannii

Table 2. MIC (ug/mL) and FICI values of colistin and sulbactam of strains with the checkerboard and time kill
method synergy data

VITEK 2®  Colistin Combination Sulbactam Combination Synergy
Strain Colistin MIC  MIC  Colistin MIC MIC Sulbactam MIC Time Kill Checkerboard FICI Comment
1 0.5 0.25 0.062 16 4 + + 0.5 Sinergy
2 0.5 0.5 0.125 16 4 + + 0.5 Sinergy
3 0.5 0.5 0.062 8 2 + + 0.37  Sinergy
4 0.5 0.5 0.015 32 4 + - 0.56 Additive
5 0.5 0.5 0.125 16 2 + + 0.33  Sinergy
6 0.5 0.25 0.031 16 2 + + 0.13  Sinergy
7 0.5 0.5 0.031 32 4 + + 0.18  Sinergy
8 0.5 0.5 0.015 8 4 + + 0.5 Sinergy
9 0.5 0.25 0.031 16 4 + + 0.37  Sinergy
10 0.5 0.5 0.031 32 4 + + 0.18  Sinergy
11 0.5 0.5 0.031 32 4 + + 0.18  Sinergy
12 0.5 0.5 0.062 16 4 + + 0.37  Sinergy
13 0.5 0.5 0.015 32 8 + + 0.28  Sinergy
14 0.5 0.5 0.031 16 4 + + 0.31  Sinergy
15 0.5 0.5 0.062 16 2 + + 0.25  Sinergy
16 0.5 0.5 0.31 8 4 + - 0.56  Additive
17 0.5 0.5 0.031 32 8 + + 0.31  Sinergy
18 0.5 0.5 0.015 32 16 Not - 0.53  Additive
tested
19 0.5 0.5 0.031 16 4 Not + 0.31  Sinergy
tested
20 0.5 0.5 0.031 16 4 Not + 0.31  Sinergy
tested

FICI: Fractional inhibitory concentration index, MIC: Minimum inhibitory concentration.
If the total FIC index 0.5. it was evaluated as synergy, if 1 <FIC> 0.5 as additive. if> 1 as antagonist effect (Cikman et al. 2013).

Log reduction in cell count
8
7
6
5
” -
3
2
1
0
0 3 6 12 24
=8—colistin  =-@==sulbactam colistin+sulbactam

Figure 2. Change of log, ,-based colony numbers according to the incubation times of isolates
in the time-killing method.
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Table 3. For 17 strains, log,, based colony numbers of colistin, sulbactam and colistin + sulbactam in
Time Kill method according to incubation periods

Colistin Sulbactam Colistin + Sulbactam

ke ne  Tihmne 4x 2x X x/2 4x 2x X x/2 4x 2x X x/2
1 0. 3.60 3.6 3.47 3.69 4.3 439 484 4.6 4 1.5 1.49 4
3. 0 0 0 3.3 4.3 4.69 4.84 4.44 0 0 0 0
6. 0 0 0 0 4.40 5 5.3 5.3 0 0 0 0
12. 0 0 0 4.3 5 6.11 5.36 6.3 0 0 0 0
24. 0 0 0 4.3 7.07 717 7.47 7.49 0 0 0 0

2 4.07 4.07 4.07 4.07 4.17 4 3.95 4.07 4.07 4.25 432 4.39
3 0 0 0 0 5.3 49 484 45 0 0 0 0
6 0 0 0 0 5.2 523 6.17 5.9 0 0 0 0
12. 0 0 0 3 6.17 5.9 5.9 5.6 0 0 0 0

24. 0 0 3.2 3.39 6.77 7.07 7.07 6.9 0 0 4.07 3.77

3 0 3.77 3.77 3.73 3.71 4.9 511 5.13 5.14 4.07 4.07 411 4.3
3. 0 0 0 3.51 4.73 4.69 4.79 4.84 0 0 0 0
6. 0 0 0 0 4.72 499 517 5.26 0 0 0 0
12. 0 0 0 4.26 6.25 6.29 6.6 6.72 0 0 0 0

24. 0 0 0 4.38 6.95 7.25 7.33 8.9 0 0 0 4.12

4 0. 3.9 392 3.91 3.9 4.17 43 509 4.89 4.25 425 426 4.28
3. 0 0 0 3.27 5.04 511 514 5.25 0 0 0 0
6. 0 0 0 0 5 5.03 5.17 5.14 0 0 0 0
12. 0 0 0 4.2 5.25 55 56 6.43 0 0 0 0

24. 0 0 0 4.32 6.9 7.14 828 7.79 0 0 0 5.14

5 0. 58 514 513 5.17 5.25 414 513 5.07 395 397 396 4.04
3. 0 0 0 4.09 4.31 436 5.44 5.44 0 0 0 0
6. 0 0 0 4.14 5.21 5.28 539 6.42 0 0 0 0

12. 0 0 0 4.04 5.74 597 598 6.44 0 0 0 4.06

24. 3.65 3.81 394 5.16 692 719 73 8.2 0 3.3 4.07 4.8

6 0. 339 347 36 3.6 3.69 3.65 3.65 3.6 347 3.5 354 3.6
3. 0 0 0 2.9 3.65 3.77 4.14 4.07 0 0 0 0
6. 0 0 0 0 4 4.06 4.25 43 0 0 0 0

12. 0 0 0 3.3 495 495 69 6.96 0 0 3.65

24. 0 0 3.9 5.4 5.3 5.68 6.86 7.79 0 439 6.07 7.26

7 0. 4 411 4.07 4.3 3.84 4.2 4.07 3.9 3.9 4 4.07
3. 0 0 0 5.07 4.14 436 4.38 4.77 0 0 0 0
6. 0 0 0 6.38 5.44 59 6.27 7.36 0 0 0 0

12. 0 0 0 6.44 7.3 8.02 8.39 8.65 0 0 0 6.8

24. 3.9 5.04 7.16 7.14 7.92 8.25 8.27 8.77 3.25 4.16 434 7.25

8 0. 3.6 3.61 3.77 4 3.65 3.65 3.57 3.74 3.65 3.66 3.77 3.55
3. 0 0 0 3.81 4.25 434 484 54 0 0 0 0
6. 0 0 0 3.95 6.3 6.27 5 5.97 0 0 0 0

12. 0 0 6.25 6.3 6.35 6.4 6.07 7.13 0 0 0 5.21

24. 5.3 6.02 6.2 6.4 6.68 6.99 7.15 8.07 0 439 4.7 5.3
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Table 3. For 17 strains, log,, based colony numbers of colistin, sulbactam and colistin + sulbactam in
Time Kill method according to incubation periods (continue)

Colistin Sulbactam Colistin + Sulbactam
Isolate no  Time 4x 2x X x/2 4x 2x X x/2 4x 2x X x/2
9 0. 3.6 3.54 3.57 3.69 3.6 3.69 3.64 3.69 3.5 3.73 3.6 3.85
3. 0 0 0 0 4.2 4.25 444 463 0 0 0 0
6. 0 0 0 0 5 5.04 5.14 5.25 0 0 0 0
12. 0 0 0 3.9 5.07 5.25 5.69 5.92 0 0 0 0
24. 0 0 3.44 4.25 5.59 599 6.83 7.06 0 0 0 3.27
10 0. 444 443 438 4.38 4 4.07 39 407 4.07 4.07 395 3.84
3. 0 0 0 3.15 434 439 445 4091 0 0 0 0
6. 0 0 0 4.14 5.25 536 5.39 5.39 0 0 0 0
12. 0 0 0 5.22 5.6 581 6.07 6.84 0 0 0 0
24. 0 0 53 6.34 5.95 6.84 6.97 8.14 0 0 417 5.25
11 0. 3.6 351 354 36 4.07 3.5 3.51 3.69 395 3.6 3.6 3.47
3. 0 0 0 0 434 444 454 4.65 0 0 0 0
6. 0 0 0 3.6 469 525 527 53 0 0 0 0
12. 0 0 0 4.07 454 494 787 7.9 0 0 0 0
24. 0 0 514 7.03 7.25 7.3 8.65 8.71 0 0 5.07 7.03
12 0. 417 425 429 43 4.07 4.09 4.11 416 3.84 381 3.85 3.84
3. 0 0 0 3.65 4.16 43 539 5.99 0 0 0 0
6. 0 0 0 4.19 5.9 6.27 6.95 7.1 0 0 0 0
12. 0 0 0 4.26 5.95 7.25 6.92 7.04 0 0 0 0
24. 0 0 486 5.65 695 696 7.01 7.3 0 0 3.54 4.07
13 0. 3.95 4 3.97 3.69 3.77 39 384 392 384 395 3.87 4
3. 0 0 0 0 425 438 539 6.16 0 0 0 0
6. 0 0 0 0 492 6.25 692 7.14 0 0 0 0
12. 0 0 0 5.26 592 6.28 7 7.2 0 0 0 0
24. 0 0 416 6.43 594 698 8.01 8 0 0 3.61 5.71
14 0. 3.68 3.65 3.7 3.57 394 406 4.14 412 3,57 3.69 3.72 3.77
3. 0 0 0 0 414 438 482 5.04 0 0 0 0
6. 0 0 0 0 5.09 6.3 639 6.73 0 0 0 0
12. 0 0 0 0 517 6.14 6.31 6.27 0 0 0 0
24. 0 0 0 3.97 6.18 6.14 6.99 7.03 0 0 3.27 4.94
15 0. 3.65 3.69 3.86 3.85 419 416 4.2 427 416 417 4.18 4.25
3. 0 0 0 0 4.3 446 53 525 0 0 0 0
6. 0 0 0 0 4.68 4.9 5 5.07 0 0 0 0
12. 0 0 0 3.92 5.49 5.9 6 6.13 0 0 0 0
24. 0 0 3.46 4.76 5.77 714 721 7.3 0 0 3.98 4.79
16 0. 3.99 4.07 412 4.5 4.07 3.89 4.03 394 4 3.5 3.49 3.69
3. 0 0 0 4.07 434 444 454 4.65 0 0 0 0
6. 0 0 0 3.54 469 525 527 534 0 0 0 0
12. 0 0 0 4.99 454 597 6.69 6.9 0 0 0 0
24. 0 3.23 465 527 7.25 7.3 7.65 8 0 0 3 3.74
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Table 3. For 17 strains, log,, based colony numbers of colistin, sulbactam and colistin + sulbactam in
Time Kill method according to incubation periods (continue)

Colistin Sulbactam Colistin + Sulbactam
Isolate no  Time 4x 2x X x/2 4x 2x X x/2 4x 2x X x/2
17 0. 3.95 4 3.97 4.04 3.77 391 384 396 3.84 395 3.87 4
3. 0 0 0 5.65 4.25 53 539 643 0 0 0 0
6. 0 0 0 6.26 5.9 725 69 7.1 0 0 0 0
12. 0 0 0 7.43 6 7.27 692 7.4 0 0 0 0
24. 0 0 7.16 8.02 6.94 6.96 8.01 8 0 0 4 53

X: MIC value of the drug (colistin: 2 pg/mlL, sulbactam: 2 pg/mL), X/2: Half of MIC value, 2X: 2 times MIC value, 4X: 4 times MIC value.

most strains are resistant to many antibiotics,
including carbapenem antibiotics, and do not pro-
vide adequate treatment as a result of decreased
sensitivity to existing antibiotics’??l. Emergence
and dissemination of infectious resistant bacteria
have become a huge concern for clinicians. As
a result, clinicians are seeking new treatment
options. Combined antibiotic use is recommended
to succeed in treatment of MDR ACB complex
infections and prevent development of resistan-
cel26.27], Kengkla et al. reported in a review ar-
ticle that colistin/sulbactam combination treatment
was superior to, and, in terms of side effects,
similar to, colistin monotherapy. They also stated
this combination could be used in treatment of
MDR and XDR-B infections!?®.

In the literature, the time-kill and checkerbo-
ard methods were generally used in combination
or alone in a few in vitro studies on the synergic
effect of colistin/sulbactam on carbapenem-resis-
tant ACB complex isolates?-30] In this study,
synergic effect on the same strains was studied
using these two methods also.

The E-test method (gradient antibiotic strips)
was used in many of the studies'??). The rea-
son for using the E-test method is possibly the
methodological ease of use. Diffusion tests are
not recommended, and the need for MIC control
is emphasised in studies conducted with colis-
tinl23-32] The prediffusion method was used in
the studies conducted with the E-test method. No
matter how standardised this method is, problems
may occur with commercial gradient tests and the
respective method.

The fact that colistin does not remain stable
for long should also be noted. In this study, colis-
tin lost its effect after 12 hours with the time-Kkill
method. It is already supported by half-life and
treatment doses. Another important consideration
is the form of colistin to use in in vitro studies.
Current guidelines emphasise colistin sulphate use
should be taken as reference, and colistimetha-
te sodium (also called colistin methylsulphonate,
pentasodium colistimethan sulphate, and colistin
sulphonylmethate) should not be used in in vitro
studies23:32],

In some synergy studies, sulbactam was not
studied alone, and an ampicillin/sulbactam combi-
nation was used for the same purpose[33*34]. It is
obvious such use of sulbactam will not be suitable
for colistin/sulbactam synergy studies. Because
ampicillin is also used in combination with colis-
tin, there will only be a threefold combination.

Considering studies conducted with the time-kill
method only, Lee et al. reported synergism for
the colistin/sulbactam combination(??]. Pongpech
et al. determined synergy against 96.7% of MDR
A. baumannii of the threefold combination of
meropenem/sulbactam/colistin, while they obtai-
ned 70%, 73.3%, and 53.3% synergic effect for
meropenem/sulbactam, meropenem/colistin, and
colistin/sulbactam, respectivelyBO]. Laishram et al.
reported 100% bactericidal effect in lower respi-
ratory tract samples and 96% in blood samples in
colistin/sulbactam combinations with the time-kill
method and 36% synergy and 64% additive effect
in colistin/sulbactam combination with the chec-
kerboard method!l. In this study results indicated
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100% bactericidal effect and 88.2% synergy at 3
hours and 76.4% at 12 hours with the time-kill
method in all clinical sample types. The reason
for not observing synergy at 6 hours might be
the colistin sensitivity in all isolates and very low
MIC levels. The situation observed in two strains
without synergy determined at three hours was
evaluated similarly. Synergy was not determined
in colistin concentrations higher than MIC/2, as
the strains were sensitive to colistin and had low
MIC values. In other words, whether sulbactam
has any contribution cannot be determined, as
colistin is effective against these strains, even in
very low concentrations. Bactericidal effect was
not determined in the studied concentrations of
sulbactam alone with the time-kill method.

Thamlikitkul et al. did not determine synergy
in the colistin sensitive strains in the colistin/sul-
bactam combination. However, they reported sy-
nergy in colistin resistant strains'®®). Deveci et al.
in their study conducted with the checkerboard
method obtained 50% synergy and 50% additive
effect for the colistin/sulbactam combination in
the Acinetobacter baumannii strains isolated from
clinical samples (with no information reported on
carbapenem sensitivity)[16]. Percin et al. reported
50% synergy in the colistin/sulbactam combina-
tion with the checkerboard method in a study
they conducted on colistin-resistant Acinetobacter
baumannii strains!”). Marie et al. reported 29%
synergy and 38.9% partial synergy in the colis-
tin/sulbactam combination with the checkerboard
method in a study they performed on MDR Aci-
netobacter baumannii strains!18l. Dong et al. did
not report colistin/sulbactam combination synergy
with the checkerboard method in MDR Acineto-
bacter baumannii strains!®!. In this study, in the
checkerboard method, it was determined that the
colistin/sulbactam combination was synergistic in
17 (85%) strains, additive in 3 strains (15%), and
sulbactam alone (15%) was low. Colistin was ef-
fective in all strains. Considering the results obta-
ined with the checkerboard method in our study,
a higher synergy was observed compared to
other studies. As there are limited publications in
this field, with more isolates and multicentred, in
vivo and in vitro studies, if possible, are needed.

Anandan et al. reported 96% bactericidal ef-
fect and 68% synergy for the colistin/sulbactam
combination with the time-kill method and 16%
synergy and 84% ineffective for the colistin/sulba-
ctam combination with the checkerboard method
in MDR Acinetobacter baumannii strains®¥. In
the study of Yimaz et al. (2015) in which pa-
tients undergoing VAP treatment for MDR and
XDR A. baumannii were included, the results
of colistin, sulbactam colistin and carbapenem
colistin treatment were evaluated. A total of 17
patients (24.3%) were administered colistin alone,
20 patients (28.6%) were administered colistin
and sulbactam, and 33 patients (47.1%) were ad-
ministered colistin and carbapenem. Clinical and
microbiological response rates were higher in
the carbapenem combination group (63.6% and
63.6% in both) than in the sulbactam combina-
tion group, which registered 55.0% and 60.0%,
respectively. As a result of the study, no signifi-
cant difference was found between colistin alone
and combination groups regarding clinical and
microbiological efficacy and mortality[ssl. In the
study of Kalin et al. (2014), 89 patients diagno-
sed with VAP were worked. Colistin was given
to 58.4% of them, while colistin combined with
sulbactam was given to 41.6% patients. On the
5. day of treatment, the clinical reaction rate was
40.4% in the colistin group and 43.2% in the
combined group. As a result of the treatment,
the clinical response rate was 29.8% and 40%,
and the microbiological response rate was 72.3%
and 85.7%, respectively. It was reported that the
clinical response and bacteriological cure rates
were better in the sulbactam-colistin group, but
the difference was not statistically significant!3?.

Clinical studies researching the effect of com-
bination therapy with according to clinical-mic-
robiological response, and mortality have been
limited, and there is no consensus. In our study,
we investigated the effect of colistin and sulbac-
tam combined as in vitro. One of the limitations
of our study was the inability to perform in vivo
synergy tests.

In conclusion, it was determined sulbactam
was solely effective on a low (15%) MIC level
against ACB complex strains and did not have
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a bactericidal effect, while colistin was effective
on all strains. It was observed that the colistin/
sulbactam combination had a synergic effect on
many of the evaluated strains using both metho-
ds (time-kill and checkerboard). Synergy studies
on colistin in combination with other antibiotics
should be conducted on antibiotic-resistant or high
MIC strains. However, in vitro studies should be
accompanied by in vivo studies. Current studies
in the literature produced different results. The-
refore, additional studies are needed in which a
higher number of isolates and concurrency with
in vivo studies are demonstrated.
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