
Presented in: A poster version of this study was 
presented at the 24th European Congress of Clinical 
Microbiology and Infectious Diseases (ECCMID 
2014), 10-13 May 2014, Barcelona, Spain. 

Published: 25 Mart 2016

Address for Correspondence/Yazışma Adresi: Deniz Gazel MD, 
Gaziantep University Faculty of Medicine, Department of Medical Microbiology, Gaziantep, Turkey
Phone: +90 342 360 07 53 E-mail: denizgazel@yahoo.com  
Received/Geliş Tarihi: 11.07.2016 Accepted/Kabul Tarihi: 23.01.2017
©Copyright 2017 by the Infectious Diseases and Clinical Microbiology Specialty Society of Turkey
Mediterranean Journal of Infection, Microbes and Antimicrobials published by Galenos Yayınevi.

Introduction: Colistin can be used in patients infected with carbapenem-resistant Acinetobacter baumannii complex (CR-ABC), but recently 
resistance to colistin and heteroresistance have been reported. In this study we aimed to investigate the colistin heteroresistance rates and the 
effects of colistin and its combinations on colistin heteroresistance/resistance development in CR-ABC strains in our hospital. 
Materials and Methods: Heteroresistance analysis was performed on CR-ABC isolates and standard ABC strain [American Type Culture Collection 
(ATCC) 19606)] strain. To investigate hidden heteroresistance, the isolates were exposed to colistin at sub-inhibitory concentrations. ‘Time-kill’ 
study was performed on the standard strain and a clinical strain for colistin. Serial passage test was performed to investigate the effects of drug 
combinations on heteroresistance/resistance development.
Results: In the first heteroresistance analysis test, all strains were found to be non-heteroresistant. However, after sub-inhibitory exposure to colistin, 
colistin heteroresistance/resistance developed in all isolates. In serial passages, colistin-rifampicin and colistin-tigecycline (Col+Tig) combinations 
were found to be effective and prevented growth of colistin-resistant sub-populations even at sub-inhibitory doses. Colistin-gentamicin (Col+Gen) 
combination was not found to be effective against the clinical isolate while it was effective on ATCC strain. Colistin-fluconazole combination was 
found to be ineffective at all concentrations.
Conclusion: In our study, it was shown that the strains which were detected to be non-heteroresistant could easily transform to heteroresistant/
resistant forms after exposure to colistin. Colistin-rifampicin and Col+Tig combinations were found to be effective and prevented the emergence of 
heteroresistance/resistance to colistin even at low concentrations. At low concentrations, Col+Gen combination was ineffective against the clinical 
ABC isolate. Colistin-fluconazole combination failed to inhibit the emergence of resistant bacteria. Heteroresistance or resistance to colistin may 
easily develop because of inappropriate use of this antibiotic. To prevent this condition, colistin should be administrated at appropriate doses and 
in combination with the suggested antibiotics.
Keywords: Colistin, carbapenem, combination, heteroresistance, rifampin

Giriş: Kolistin, karbapenem dirençli Acinetobacter baumannii kompleks (CR-ABC) enfeksiyonu olan hastalarda kullanılabilecek seçeneklerdendir, 
ancak son zamanlarda kolistin için de direnç ve heterodirenç bildirilmiştir. Bu çalışmada hastanemizde izole edilen CR-ABC suşlarında, kolistin 
heterojen direnç oranını ve kolistinin ve bu ilacın ikili kombinasyonlarının kolistin heterodirenç/direnç gelişimi üzerine etkilerini araştırmayı 
amaçladık. 
Gereç ve Yöntem: Karbapenem dirençli A. baumannii izolatları vve standart ABC suşu [American Type Culture Collection (ATCC) 19606] üzerinde 
heterojen direnç analizi yapıldı. Gizli heterodirenç/direnci ortaya çıkarabilmek için, izolatlar sub-inhibitör konsantrasyonlarda kolistine maruz 
bırakıldı. Standart suş ve bir klinik izolat üzerinde kolistin için ‘time-kill’ çalışması yapıldı. İlaç kombinasyonlarının heterodirenç/direnç gelişimi 
üzerine etkilerini incelemek için seri pasaj deneyleri yapıldı. 

Investigation of Colistin Heteroresistance and Some Factors 
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Introduction

Colistin is one of the last options that can be chosen for treating 
patients infected with carbapenem-resistant Acinetobacter 
baumannii complex (CR-ABC). However, in recent years, 
heteroresistance and resistance to colistin have been reported 
for CR-ABC[1,2].

For a clinical isolate, heteroresistance can be understood as the 
existence of both resistant and susceptible subpopulations to an 
antimicrobial agent. Colistin heteroresistance has been defined 
as an isolate with colistin minimum inhibitory concentrations 
(MIC) <=2 mg/L, in which detectable subpopulations were able to 
grow in the presence of >2 mg/L colistin[1,3]. This heteroresistance 
is thought to be induced by exposure to colistin[1,4]. It was shown 
that heteroresistant populations may become fully resistant after 
continuous exposure to colistin[1,5]. Heteroresistance to colistin 
cannot be detected by routine antimicrobial susceptibility 
testing. Recently, colistin heteroresistance has been blamed for 
treatment failures in patients with CR-ABC infections. It has 
been reported that colistin monotherapy might cause problems 
such as development of resistance and heteroresistance[6]. 

Most knowledge on heteroresistance to antibiotics relates 
to vancomycin and Staphylococcus aureus[1,7]. Limited 
investigations have been conducted for other bacteria[1,8]. 
Heteroresistance to carbapenems has been reported in A. 
baumannii, and it is believed to be the cause of increasing CR 
A. baumannii in Greece[1,9]. Recently, Moosavian et al.[10] have 
reported a case of meningitis due to colistin heteroresistant A. 
baumannii and observed colistin resistance development during 
treatment with colistin. 

According to a few in vitro studies, colistin resistance is mediated 
by a complete loss of lipopolysaccharide (LPS) production via 
mutations in LPS producing genes or by mutations in the pmrA 
and pmrB genes[11]. Recently, monotherapy-induced colistin 
resistance and (via) pmrB mutations have been detected[12].

In this study, we aimed to investigate colistin heteroresistance 
rates among CR-ABC strains isolated from the intensive care 
unit (ICUs) of a university hospital. We also aimed to determine 

the effects of colistin and its combinations on the rate of 
heteroresistance/resistance using a standard A. baumannii 
strain and a clinical isolate.

Materials and Methods

During the study period from January 2010 to September 2012, 
a total of 31 non-repetitive CR-ABC isolates were collected from 
blood cultures of 25 patients who were admitted to the ICUs of 
a university hospital in Turkey. Blood samples were incubated 
in BacT/Alert Automated Blood Culture System (bioMérieux, 
France).

The isolates were identified as ABC using the VITEK2 
identification system (bioMérieux, France) and antibiograms 
were performed by this system. The results were evaluated 
according to the Clinical and Laboratory Standards Institute 
(CLSI 2012) guidelines[13]. The strains were stored at -80 °C in 
Mueller-Hinton broth (MHB) containing 15% glycerol. Before 
the study, A. baumannii ATCC 19606 and the stored bacteria 
were subcultured on sheep blood agar twice and they were 
incubated for 24 hours at 37 °C in an incubator. 

For imipenem and meropenem, antimicrobial resistance was 
confirmed by using Mueller-Hinton agar (MHA) and gradient 
antimicrobial test strips (MIC evaluator strips, Oxoid, UK). The test 
was performed and evaluated according to the manufacturer’s 
recommendations and CLSI criteria[13]. P. aeruginosa ATCC 
27853 and E. coli ATCC 25922 were used for quality control[13].

For colistin, antimicrobial susceptibilities of A. baumannii ATCC 
19606 and the isolated bacteria were confirmed by micro broth 
dilution tests using cation-adjusted (CAMHB) and colistin 
sulfate water-soluble powder (Sigma, USA). The results were 
evaluated according to the CLSI criteria[13].

Investigation of Heteroresistance by Direct Inoculation Into 
Mueller-Hinton Agar Containing Colistin

To investigate the heteroresistant strains, the test was performed 
according to the method of Li et al.[1]. Before the test, all 31 
isolates and ATCC 19606 strain were subcultured on sheep 
blood agar and incubated at 35 °C for 24 hours. From these 

Bulgular: Yapılan ilk heterodirenç analizinde hiçbir suşta heterodirenç saptanmadı. Ancak sonrasında sub-inhibitör dozda kolistine maruz bırakılan 
tüm izolatlarda kolistine heterodirenç/direnç gelişti. Seri pasajlarda, kolistin-rifampisin, kolistin-tigesiklin kombinasyonları sub-inhibitör dozda bile 
kolistin dirençli alt popülasyonların üremesini engelledi. Kolistin-gentamisin kombinasyonu ATCC suşu için etkili iken, klinik izolatta etkili olamadı. 
Kolistin-flukonazol kombinasyonu ise tüm dozlarda etkisiz bulundu.
Sonuç: Çalışmamızda heterojen dirençli gözükmeyen suşların, kolistin maruziyeti sonrasında kolayca heterodirençli/dirençli hale gelebilecekleri 
gösterildi. Kolistin-rifampisin, kolistin-tigesiklin kombinasyonlarının düşük dozlarda bile heterodirenç/direnç gelişimini engellediği saptandı. 
Kolistin-gentamisin kombinasyonu ise düşük dozlarda klinik izolatta etkisiz bulundu. Kolistin-flukonazol kombinasyonu dirençli bakteri oluşumunu 
önlemede etkisiz bulundu. Uygunsuz kolistin kullanımı ile bu antibiyotiğe karşı direnç/heterodirenç kolaylıkla gelişebilir. Bunu engellemek için 
kolistin, mutlaka uygun dozlarda ve önerilen antibiyotiklerle kombine olarak kullanılmalıdır. 
Anahtar Kelimeler: Kolistin, karbapenem, kombinasyon, heterodirenç, rifampin
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subcultures, a suspension of bacteria at a turbidity equivalent 
to 0.5 McFarland standard was prepared. For each strain, 100 
microliters of bacterial suspension was subcultured on MHA 
plate containing 4 µg/mL colistin. At the same time, the same 
bacterial suspension was subcultured onto 5% sheep blood agar 
plate as a control. The plates were incubated at 35 °C for 48 
hours and the colonies that were able to grow on agar plates 
were counted. Any colony that could grow on the MHA plate 
containing 4 µg/mL colistin was considered to be heteroresistant 
ABC. 

Investigation of Hidden Heteroresistance by Sub-inhibitory 
Exposure to Colistin

For this purpose, test tubes containing 10 mL CAMHB and 
colistin at concentration of 0.5x MIC were inoculated with 
one loop of colonies from the clinical isolates and ATCC 19606 
strain. Tubes were placed in a water bath (Memmert WNB14, 
Germany) and incubated at 37 °C with shaking rate of 100 
rpm for 48 hours. After incubation, 100 microliters of bacterial 
suspension was taken from each tube, and subcultured on 
MHA plate containing 4 µg/mL colistin. At the same time, the 
same bacterial suspension was subcultured to 5% sheep blood 
agar plate as a control. These plates were incubated at 35 °C 
for 48 hours and the colonies that were able to grow on agar 
plates were manually counted. Any colony that could grow on 
the MHA plate containing 4 µg/mL colistin was considered to 
be colistin resistant[14]. Subcultures of these colistin resistant 
colonies were studied by broth microdilution method and it was 
confirmed that their MIC values became >4 µg/mL.

Time-kill Curve Method

Time-killing kinetics of ATCC 19606 and one ABC clinical 
isolate by colistin were examined[1]. The clinical isolate was 
randomly chosen among 31 isolates. Firstly, three colonies from 
each strain were inoculated in 10 mL CAMHB test tube and 
bacterial suspensions were brought to the logarithmic phase by 
incubation at 37 °C for two hours. Colistin antibiotic was added 
to broth culture to yield concentrations of 0, 0.25, 0.5, 1, 2, 4, 
8, 16, 32, and 64x MIC of the strain. They were placed in the 
incubator at 35 °C. Viable counting was performed on samples 
collected at 1, 2, 3, 4, 6, and 24 hour after antibiotic addition. 
Samples of bacterial cell suspension (50 µL) were plated on 
nutrient agar (NA) plates. Colonies were counted manually after 
incubation of subcultures for 48 hours at 35 °C[1]. 

Investigation of the Effects of Different Antibiotic 
Combinations on Heteroresistance Rates by Serial Passaging

This study was performed on A. baumannii ATCC 19606 strain 
and the same chosen ABC clinical isolate. The effects of 
colistin alone and in combination with rifampicin, tigecycline, 
gentamicin and fluconazole on the rate of heteroresistance/

resistance were investigated by serial passaging. The serial 
passaging method is explained below. For the four antibiotics 
which would be applied in combination with colistin, MIC values 
of the two strains were separately tested by using the broth 
microdilution method. Heteroresistance preventative effects of 
the combinations at antimicrobial concentration levels of 0.5, 2, 
8, and 64x MIC were investigated by increasing concentrations 
of colistin and combination antibiotic day by day. A method 
that had been suggested by Li et al.[1] was used as below.

Serial passaging using different antibiotic combinations and 
concentrations:

- On day 1, 10 mL of 2 CAMHB media containing colistin sulfate 
at 0.5x MIC (equal to 0.25 µg/mL) were separately inoculated 
with ATCC strain and clinical isolate from three fresh colonies 
(Passage 1). Cultures were incubated at 37 °C in a shaking water 
bath (100 rpm) for 48 hours[1]. 

- On day 3, 0.1 mL of the culture was transferred into 10 mL of 
CAMHB containing colistin sulfate at 2x MIC (Passage 2), and 
the cultures were incubated (see above).

On day 4, 0.1 mL of the culture of ABC from passage 2 was 
transferred into 10 mL of CAMHB containing colistin sulfate at 
8x MIC (Passage 3), and the cultures were incubated.

- On day 5, 0.1 mL of the culture of ABC from passage 3 was 
transferred into 10 mL of CAMHB containing colistin sulfate at 
64x MIC (Passage 4), and the cultures were incubated.

- On day 6, cultures (5 mL) of ATCC 19606 and clinical isolate 
from passage 4 were centrifuged (3,000xg) for 10 min at 4 °C 
and washed twice with 10 mL of saline before being inoculated 
into 10 mL of CAMHB. Daily passaging in colistin-free CAMHB 
(see above) continued for 10 days for both isolates[1]. 

After each daily passage, 50 microliters of the culture was taken 
from the CAMHB test tube and inoculated onto the MHA plates 
containing 4 µg/mL of colistin sulfate. The subpopulations able 
to grow on MHA plates containing 4 µg/mL of colistin sulfate 
were considered to be heteroresistant. All the heteroresistant 
colonies were counted manually[1]. 

Firstly, the procedure above was performed by using colistin 
alone. After that, the same procedure was repeated for the 
combinations of colistin-gentamicin (Col+Gen), colistin-
rifampicin (Col+Rif), colistin-tigecycline (Col+Tig) and colistin-
fluconazole (Col+Flu) to investigate the effects of combinations. 
During the procedure, daily exposure concentration of each 
antibiotic in the combination was determined according to the 
MIC value of strain. Concentrations of combination antibiotics 
(rifampicin, tigecycline, gentamicin and fluconazole) were 
increased just like colistin concentration at each step/day.
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Results

Antibiotic Susceptibility Results

All of the clinical isolates were found resistant to piperacillin, 
ampicillin/sulbactam, ceftazidime, meropenem, imipenem, 
tetracycline, ciprofloxacin, and trimethoprim/sulfamethoxazole. 
Two isolates (6.4%) were susceptible, 12 isolates (38.7%) were 
intermediate susceptible and 17 isolates (54.8%) were resistant 
to gentamicin. Eight isolates (25.8%) were susceptible, 22 
isolates (71%) were intermediate susceptible, and one isolate 
(3.2%) was resistant to tigecycline. All isolates were found to be 
susceptible to colistin by VITEK2 identification system.

All the clinical isolates (which were resistant to carbapenems 
according to VITEK2 results) were found to be resistant to 
imipenem and meropenem after confirmation with MIC evaluator 
strips. For all these isolates, MIC values were >32 µg/mL.

Colistin MIC value for all clinical strains and standard A. 
baumannii was found to be 0.5 µg/mL using the broth 
microdilution method. All isolates were susceptible to colistin[13].

Investigation of Colistin Heteroresistance

No heteroresistant subpopulations were observed after 
incubation of MHA plates which were inoculated directly.

For this reason, as explained before, we investigated hidden 
heteroresistance by exposing the strains to colistin at sub-
inhibitory concentrations[14]. After exposure to colistin, all 
32 strains were inoculated onto MHA plates containing 4 µg/
mL colistin. All the strains could grow on these agar plates 
confirming that their MIC values became >4 µg/mL.

Time-kill Curve Results

At the end of the time-kill curve study, for both ATCC 19606 
strain and chosen clinical isolate, we observed no inhibition 
on the NA plates that had been subcultured from suspensions 
containing colistin at 0, 0.25, 0.5, and 1 µg/mL concentrations. 

For both strains, we observed inhibition up to hour 6 (more 
significant at higher concentrations of colistin), but because 
of the regrowth of the bacteria, we observed a rapid increase 
in the number of bacteria and the selection of heteroresistant 
subpopulations between hour 6 and hour 24. The results of 
time-kill assay are summarized in Figure 1 and Figure 2. 

For the clinical isolate, compared to the ATCC ABC strain, we 
observed a better inhibition at colistin concentrations >= 2 µg/
mL during the hour 6 when the inhibition was maximum.

When we analyzed the graphics, we observed that the number 
of growing colonies again increased at the end of 24 hours 
(regrowth). However, for the clinical isolate at 32 µg/mL colistin 
concentration, we observed a significant inhibition (log=2) even 

at the 24th hour. For ATCC ABC strain, this inhibition was very 
weak (log=4) at 32 µg/mL colistin concentration during the 24 
hour.

Serial Passaging Results Using Different Antibiotic 
Combinations and Concentrations

The effects of colistin alone, Col+Gen, Col+Rif, Col+Tig and 
Col+Flu combinations to prevent emergence of colistin 
heteroresistance were tested using serial passaging. For ATCC 
ABC strain and clinical isolate, the MIC values of the four 
combination antibiotics and colistin are given in Table 1.

Figure 1. Time-kill curve for Acinetobacter baumannii clinical 
isolate. Each colored band represents different antibiotic 
concentration. Number of colonies (log10) that were able to grow 
on agar plates are on the vertical axis

CFU: Colony-forming unit

Figure 2. Time-kill curve for Acinetobacter baumannii standard 
American Type Culture Collection strain. Each colored band 
represents different antibiotic concentration. Number of colonies 
(log10) that were able to grow on agar plates are on the vertical axis

CFU: Colony-forming unit



Gazel and Tatman Otkun
Combinations Versus Heteroresistant A. baumannii

Mediterr J Infect Microb Antimicrob
2017;6:2

The count of colistin resistant colonies able to grow at 0.5, 2, 8, 
and 64x MIC of colistin and combination antibiotics are given 
in Table 2a and 2b. The count of colistin resistant colonies able 
to grow at colistin-free broth media is also given in Table 2a 
and 2b. 

When Table 2a and 2b were analyzed, we observed that 
when colistin was applied alone, even at increased colistin 
concentrations (including 64x MIC level=32 µg/mL colistin), 
the bacteria could not be inhibited and continued growing by 
transforming to resistant clones. For both strains, Col+Rif and 
Col+Tig combinations were found to be effective even at sub-
MIC concentrations (0.5x MIC) and these combinations inhibited 
the growth of heteroresistant/resistant colonies (sub-MIC 
concentrations for clinical isolate; 0.25 µg/mL colistin+0.5 µg/
mL tigecycline and 0.25 µg/mL colistin+2 µg/mL rifampicin, sub-
MIC concentrations for ATTC strain; 0.25 µg/mL colistin+0.125 
µg/mL tigecycline and 0.25 µg/mL colistin+2 µg/mL rifampicin). 

While Col+Gen combination was effective against naive 
ATCC ABC strain at all concentrations including sub-MIC 
concentration, this combination was found to be ineffective 
against the clinical isolate at 0.5, 2, and 8x MIC concentrations. 
Col+Gen combination was effective against the clinical isolate 
only at 64x MIC. Colistin-fluconazole combination failed to 
inhibit the emergence of resistant bacteria at all antimicrobial 
concentrations.

Discussion

Colistin heteroresistance and selection of resistant strains are 
significant problems for CR-ABC. In recent years, there has been 
an increase in isolation of colistin resistant and heteroresistant 
ABC strains[3,15-18].

Li et al.[1] demonstrated heteroresistance (>2 µg/mL) in 15 strains 
among 16 isolates. In a study in 2008, Yau et al.[3] detected 23% 
colistin heteroresistance and 3.3% colistin resistance among 
30 Acinetobacter isolates. Hawley et al.[4] detected 100% 
heteroresistance among 21 patients in the United States. Later, 
in their studies in Argentine, Rodriguez et al.[19] Rodriguez et 
al.[20] have found 46% and 43% heteroresistance rates in 2009 
and 2010, respectively. In their case report, Moosavian et al.[10] 

have recently demonstrated post neurosurgical meningitis due 
to colistin heteroresistant A. baumannii. They have also reported 
the generation of colistin resistant A. baumannii from colistin 
susceptible-heteroresistant strains during colistin therapy. 
However, in our study, we observed that colistin resistance 
may easily develop from colistin non-heteroresistant strains by 
exposure to colistin. 

Our study isolates were investigated in another thesis 
study by Özbey[21]. The isolates showed clonal similarity at 
arbitrarily primed polymerase chain reaction with M13 and 
DAF4 primers[21]. The reason for what we could not detect 
heteroresistance may be the fact that all the ICU isolates in 
the study were from the same clone. Detection of colistin 
heteroresistant A. baumannii provides a strong warning 
that colistin is used inappropriately[22]. Moreover, previous 
use of colistin might be a risk factor for a higher rate of 
heteroresistance[4]. When we were performing the study, 
colistin was used very rarely in Turkey. Therefore this may be 
another reason why we could not detect heteroresistance. All 
our isolates were non-heteroresistant, but later, we isolated a 
colistin resistant ABC from the cerebrospinal fluid of a study 
patient. Also, all our non-heteroresistant study isolates became 
colistin resistant after sub-inhibitory colistin exposure. Thus, 
we assume that routine usage of heteroresistance detection 
methods may not be appropriate to predict colistin resistance 
development in the future. According to our experience, to 
avoid selection of colistin resistance, combination therapy 
should also be used in non-heteroresistant cases. Therefore 
on this point, we contradict Rodriguez et al.[23] who have 
previously compared colistin heteroresistant and non-
heteroresistant ABC meningitis cases and found that colistin 
monotherapy was effective in non-heteroresistant cases. 

During time-kill assays (Figure 1, 2) for ATTC ABC and clinical 
isolate, we observed no inhibition at 0, 0.25, 0.5 and 1 µg/mL 
colistin concentrations. Colistin was completely ineffective 
at the same concentration of MIC level of the bacteria and 
even one dilution over this MIC level. The growth at 1 µg/mL 
concentration was thought to be caused by small amount of 
ABC subpopulations with MIC=1 µg/mL in the population. This 
reminds us to emphasize the use of colistin at appropriate doses. 

Table 1. The minimum inhibitory concentration values of each antibiotic to be used in combination during assay (µg/mL)
Antibiotics A. baumannii clinical isolate A. baumannii ATCC 19606

Colistin 0.5 0.5

Rifampicin 4 4

Gentamicin 2 8

Tigecycline 1 0.25

Fluconazole >64 >64

A. baumannii: Acinetobacter baumannii, ATCC: American Type Culture Collection
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Existence of a re-growth within 24 hours suggests to 
use colistin drug in combination with other antibiotics. 
Since there is no complete inhibition even at high colistin 
concentrations, we consider that colistin dosage regimens 

should be reviewed and increased to higher levels if possible. 
As a matter of fact, during our thesis study, optimal dosage 
regimens for colistin were updated and increased up to three 
times[24].

Table 2b. Serial passaging results at different antibiotic combinations and concentrations for Acinetobacter baumannii clinical 
isolate (CFU/mL)

Colistin alone Col+Gen Col+Rif Col+Tig Col+Flu

0.5x MIC >100000 >100000 0 0 >100000

2x MIC >100000 >100000 0 0 >100000

8x MIC >100000 10000 0 0 >100000

64x MIC >100000 0 0 0 >100000

1st day * >100000 0 0 0 >100000

2nd day* >100000 0 0 0 >100000

3rd day* >100000 0 0 0 >100000

4th day* >100000 0 0 0 >100000

5th day* >100000 0 0 0 >100000

6th day* >100000 0 0 0 >100000

7th day* >100000 0 0 0 >100000

8th day* >100000 0 0 0 >100000

9th day* >100000 0 0 0 >100000

10th day* >100000 0 0 0 >100000

*Passages in colistin free broth, Col+Gen: Colistin-gentamicin, Col+Rif: Colistin-rifampicin, Col+Tig: Colistin-tigecycline, Col+Flu: Colistin-fluconazole, MIC: Minimum inhibitory 
concentration, CFU: Colony-forming unit

Table 2a. Serial passaging results at different antibiotic combinations and concentrations for American Type Culture Collection 
standard Acinetobacter baumannii strain (CFU/mL)

 Colistin alone Col+Gen Col+Rif Col+Tig Col+Flu

0.5x MIC >100000 0 0 0 >100000

2x MIC >100000 0 0 0 >100000

8x MIC >100000 0 0 0 >100000

64x MIC >100000 0 0 0 >100000

1st day * >100000 0 0 0 >100000

2nd day* >100000 0 0 0 >100000

3rd day* >100000 0 0 0 >100000

4th day* >100000 0 0 0 >100000

5th day* >100000 0 0 0 >100000

6th day* >100000 0 0 0 >100000

7th day* >100000 0 0 0 >100000

8th day* >100000 0 0 0 >100000

9th day* >100000 0 0 0 >100000

10th day* >100000 0 0 0 >100000

*Passages in colistin free broth, Col+Gen: Colistin-gentamicin, Col+Rif: Colistin-rifampicin, Col+Tig: Colistin-tigecycline, Col+Flu: Colistin-fluconazole, MIC: Minimum inhibitory 
concentration, CFU: Colony-forming unit
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During serial passaging, application of colistin alone could not 
inhibit the strains even at increased colistin concentrations. 
Moreover, the strains transformed to colistin resistant clones 
and continued growing (Table 2). In accordance with the 
previous time kill study; this indicates that colistin monotherapy 
should be avoided during treatment. 

Colistin-rifampicin combination inhibited growth of 
heteroresistant clones even at subinhibitory concentrations 
(Table 2). In accordance with this, several studies and 
case reports confirmed the inhibitory effect of Col+Rif 
combination[25]. In a study performed in 2005, Timurkaynak et 
al.[26] showed that the combination of colistin and rifampicin 
was synergistic against multidrug-resistant A. baumannii 
isolates. Rodriguez et al.[20] reported that this combination was 
very effective and prevented the emergence of colistin resistant 
mutants. In a study in 2011, Liang et al.[27] reported that this 
combination acted synergistically against A. baumannii. In a 
prospective study in 2012, Aydemir et al.[28] suggested that 
Col+Rif combination may improve clinical and microbiological 
outcomes of ventilator-associated pneumonia patients infected 
with CR A. baumannii. In a study in 2013, Lee et al.[29] have 
shown that the combination of colistin and rifampin increased 
killing rate of both multidrug resistant colistin susceptible 
and resistant A. baumannii and that combination therapy 
prevented or suppressed the emergence of colistin-resistant 
subpopulations. Dong et al.[30] showed that the combinations 
of Col+Rif, rifampin-sulbactam, rifampin-tigecycline and 
sulbactam-tigecycline showed good in vitro activities (addictive 
or partially synergistic) against extensively drug-resistant A. 
baumannii isolates even at subinhibitory concentrations. Our 
findings were in accordance with these studies. According to 
the results of our study, rifampicin may be a good combination 
alternative.

Colistin-tigecycline combination was effective against both 
strains even at subinhibitory concentrations (Table 2). In an 
in vitro study in 2010, Ozbek and Senturk[31] reported the 
synergistic effect of Col+Tig against meropenem resistant ABC. 
In a study in 2012, Peck et al.[32] reported that this combination 
was synergistic and had bactericidal effects even at 0.5x MIC 
antibiotic concentration. Therefore, we also assume that 
tigecycline may be another combination alternative. 

We included gentamicin in our study as representative of the 
aminoglycoside group. Colistin-gentamicin combination was 
effective against the naive ATCC ABC strain. The combination 
was effective against the clinical isolate only at 64x MIC level, 
but it may not be possible to use this combination at such high 
doses for treatment. As a result; even if this combination had 
weak effects on the emergence of colistin resistance, it is not 
practical to use this combination for treatment.

In the literature, there are very few reports of the effects of 
colistin in combination with an aminoglycoside, but no reports 
of the combination of colistin and gentamicin. In 2005, 
Fulnecky et al.[33] reported a case of post-surgical meningitis 
due to a multidrug resistant A. baumannii. Upon administration 
of colistin plus amikacin combination, the patient experienced 
successful clinical and microbiological outcomes. 

In the literature, there are rare reports investigating the effects 
of polymyxins in combination with an antifungal, but these are 
only about fungi species[34]. In ICUs, we observed that some 
hospitalized patients treated with colistin are given fluconazole 
at the same time. Thus, we also studied fluconazole combination 
to see whether it has effects on bacterial heteroresistance or 
not.

In this study, we observed that colistin in combination with 
rifampicin or tigecycline was effective even at sub-MIC 
concentrations and prevented heteroresistance to colistin. When 
we evaluate this result in the light of clinically obtained colistin 
concentrations, we can comment that routine clinical dosage of 
colistin could be effective in combination with suggested drugs. 
However, colistin monotherapy was found to be ineffective even 
at 32 µg/mL (64x MIC) colistin concentration which is higher 
than clinically obtained maximum serum level of 20 µg/mL[35]. 

Our study may be the first colistin heteroresistance study for 
A. baumannii strains from Turkey. At the same time, this could 
be the first study investigating effects of gentamicin-colistin 
combinations on colistin heteroresistance in the literature. 
However, this study has some limitations which have to be 
pointed out. This study is an in vitro study and needs to be 
supported by in vivo studies. There are some previous reports 
with similar findings. As another limitation, all the strains 
included in the study were from the unique university hospital 
in our region and they were from the same clone, but we could 
not study isolates from different hospitals of other cities to 
represent a larger universe. We could include small number of 
strains in serial passaging step. Furthermore, we did not perform 
synergy testing in our study. 

In a recent study investigating synergistic antimicrobial 
activity of plant extracts, no significant antimicrobial activity 
was observed for multidrug resistant A. baumannii[36]. Several 
in vitro studies reported synergistic effects between diverse 
drugs for the treatment of Acinetobacter[26,29-32,37]. However, 
more in vivo studies about these combinations are needed to 
provide high grade of evidence. Since there are various synergy 
test reports with disputable and different results, it would be 
better to develop rapid and practical synergy tests that could be 
used in clinical settings. Further studies including different ABC 
clones isolated from different hospitals are needed to obtain 
more accurate results. 
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Conclusion

At the end of our study, Col+Rif and Col+Tig combinations 
were found to be effective and prevented the emergence of 
heteroresistance to colistin. At low concentrations, Col+Gen 
combination was ineffective against the clinical ABC isolate.

Colistin is one of the last options that can be chosen for the 
treatment of multidrug resistant ABC infections. So as not to 
lose this last resort drug, antibiotic treatment regimens must be 
chosen very carefully. In the light of research in the literature 
and forthcoming studies, colistin should be used at the updated 
high doses and in combination with another antibiotic.
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