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INTRODUCTION

Acinetobacter baumannii persists in hospital environments 
and cause severe, life-threatening infections in immunocom-
promised patients [1]. The spectrum of antibiotic resistances 
of these organisms together with their survival capabilities 
makes them a threat - in hospital healthcare [2]. A. baumanni 
is the second-most-commonly-isolated, non-fermenting bac-
teria in human specimens. It is frequently isolated in nosoco-
mial infections and is especially prevalent in intensive care 

units [2-8]. A. baumannii displays mechanisms of resistance 
to all existing antibiotic classes, as well as a prodigious capacity 
to acquire new determinants of resistance [6,9].

A. baumannii was susceptible to most of the antibiotics 
till the 1970s. It has now become a major cause of hospital-ac-
quired infections worldwide due to its remarkable propensity 
to rapidly acquire resistance to a wide range of antibacterial 
agents [5,9-11]. Sequence similarity and phylogenetic analyses 
confirm that most of the resistance genes found in the A. bau-
mannii have been recently acquired from bacteria of the gen-
era Pseudomonas, Salmonella, or Escherichia [10]. A. bauman-
nii exhibits a remarkable ability to rapidly develop antibiotic 
resistance that led to multidrug resistance (MDR) within 
a few decades [2,9]. To date, some strains of A. baumannii 
have become resistant to almost all currently available anti-
bacterial agents, mostly through the acquisition of plasmids, 
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ABSTRACT

The present study evaluates the synergistic effect of sulbactam/tazobactam in combination with meropenem or colistin against multidrug resis-
tant (MDR) Acinetobacter baumannii isolated from hospitalized patients from a tertiary care hospital in Saudi Arabia. During the study period, 
54 multidrug and carbapenem-resistant isolates of A. baumannii isolates were collected from blood and respiratory samples of patients with 
ventilator-associated pneumonia or bacteremia. Microbroth checkerboard assay (CBA) and E-test were performed to look for synergistic inter-
face of sulbactam and tazobactam with meropenem or colistin. All 54 MDR isolates of A. baumannii were resistant to carbapenem. Minimum 
inhibitory concentration [50/90] value against sulbactam, tazobactam, meropenem, colistin was found to be 64/128, 64/128, 64/256, and 0.5/1.0 
respectively. Synergy was detected in more isolates with CBA compared to E-test. All four combinations showed significant synergistic bacte-
ricidal activity. However, the combination with colistin showed greater synergistic effect than combination with meropenem. Antagonism was 
not detected with any of the combinations and any method, but indifference was seen in tazobactam and colistin combination alone. A signif-
icant bactericidal effect was seen with sulbactam combination with meropenem or colistin in both methods. A combination therapy can be a 
choice of treatment. As colistin is known to exhibit nephrotoxicity, the combination of sulbactam and meropenem might be considered as an 
alternative antibiotic treatment for such multi- and extremely resistant bacteria. Yet, sample size is small in our study, so further well-designed 
in vitro and clinical studies on large scale should confirm our findings.
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transposons, or integrons carrying clusters of genes encoding 
resistance to several antibiotic families at once [2,5,9,11].

At present, colistin and tigecycline are being used as drug of 
choice for the treatment of infection caused by Acinetobacter 
spp. [12,13]. However, Food and Drug Administration allowed 
the use of tigecycline only for complicated and soft tissue 
infections, including intra-abdominal infection and com-
munity acquired pneumonia, but did not approve its use for 
ventilator-associated pneumonia. On another hand, the use 
of colistin is associated with difficulties with optimization 
of dosage during the course of treatment [14]. Colistin is a 
decades-old drug that floor out of indulgence due to its neph-
rotoxicity [2], however, it remains a last-resort antibiotic for 
multidrug-resistant Pseudomonas aeruginosa, Klebsiella pneu-
moniae, and Acinetobacter [15].

In recent days the use of two different antibiotics in 
combination has been explored as a successful therapeutic 
option  [16-18]. Sulbactam and tazobactam are an irrevers-
ible inhibitors of β-lactamase and they are given in combi-
nation with β-lactam antibiotics to inhibit β-lactamase [19]. 
Sulbactam and tazobactam are considered having intrinsic 
activity against Acinetobacter spp. and can be explored as a 
therapeutic option in combination with the drug of choice, 
which are being limited day by day. Sulbactam has been 
used in combination with ampicillin and cefoperazone for 
the treatment of Acinetobactor spp. while tazobactam used 
with ceftolozane and piperacillin against S. pneumonaie and 
Pseudomoans respectively [20-22]. Previous reports suggest 
that sulbactam are active against Acinetobactor in combina-
tion with ampicillin, as well as alone however breakpoints are 
not yet decided for sulbactam.

In our study, we determine the minimum inhibitory con-
centration (MIC) for sulbactam/tazobactam individually and 
in vitro synergistic activity of both in combination with mero-
penem and colistin against multidrug-resistant A. baumanii.

MATERIALS AND METHODS

Ethics statement

The present study was designed and approved by the 
Institutional Review Board and Ethics Committee of King 
Saud University, Riyadh. The patients were informed and con-
sent was obtained for the use of the clinical isolates originated 
from them.

Study design and bacterial isolates

The study was conducted at Clinical laboratory depart-
ment, College of applied Medical sciences, King Saud 
University, Riyadh for a period of one year during July 2013 
to June 2014. Non duplicate clinical strain of A. baumannii 

resistant to more than two families of antibiotics including 
carbapenem was collected from sputum and blood sources of 
hospitalized patients.

Standard microbiological lab protocol was used to identify 
clinical isolates. A. baumannii species were further confirmed 
by Vitex 2 system and sequence analysis of 16S rRNA region 
of DNA from each isolate. All the isolates were preserved in 
5% nutrient agar deeps and stored at 4°C further future use 
[23,24].

Antibiotic susceptibility testing

Susceptibility to different antibiotics such as amikacin, 
netilmicin, levofloxacin, piperacillin-tazobactam, cefotaxime, 
ceftazidime, cefepime, tobramycin, imipenem, meropenem, 
and colistin was determined by disk diffusion testing accord-
ing to Clinical and Laboratory Standards Institute (CLSI) 
guidelines (M100-S23 2013) [25].

MIC of sulbactam, tazobactam, meropenem, and colistin 
were determined by agar dilution method as per CLSI guide-
lines. The MIC50 and MIC90 were determined for all four anti-
biotics tested for MIC.

In vitro synergy testing using E-test and 
checkerboard assay (CBA)

To evaluating the efficacy of the drug combination as an 
option for therapy all the isolates were tested for the bacte-
ricidal synergistic effect by using sulbactam and tazobactam 
incorporated in agar with meropenem or colistin E-test strip 
(Biomeurix, France) on plate. Different sets of MHA plates 
incorporated with Sulbactam or tazobactam were prepared 
for respective combination depending upon the MICs of the 
organisms to be tested. For example the isolates with MIC of 
8, 16, 32, 64, 128, 256, and 512  µg/mL were plated on MHA 
agar media plates incorporated with 4, 8, 16, 32, 64, 128, and 
256 µg/mL of sulbactam or tazobactam respectively followed 
by E-test strip.

Also, checkerboard synergy testing was performed in 
triplicate with all isolates. The test was performed and inter-
pretation of the results was determined as described earlier in 
literature [16,17]. In brief, Fractional Inhibitory Concentration 
Index (FIC Index) was used to assess synergistic activity, 
which was determined by the addition of fractional inhibitory 
concentrations of the antibiotic combination used in the test. 
FIC of each agent was calculated as a ratio of MIC when used 
in combination and MIC when used alone. Sulbactam or tazo-
bactam was identified to act synergistically to meropenem or 
colistin when there was a ≥3 dilution reduction in the MIC 
of the combination compared to the MIC of individual mero-
penem or colistin. However, FIC Index was used to assess syn-
ergistic activity. The FIC index of all was calculated as follows: 
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ΣFIC = FICA + FICB = (CA/MICA) + (CB/MICB), where MICA 
and MICB represent are MICs of antibiotic A and B alone, 
respectively, while CA and CB are the MICs of the antibiotics 
in combination. According to accepted criteria results were 
recorded as follows: ≤0.5, synergy; >0.5-≤1, additivity; >1-≤4, 
indifference; and >4, antagonism.

Statistical analysis

The two-tailed Student’s t-test was used to interpret statis-
tical significance of the results.

RESULTS

During a study period of one year total of 54 MDR includ-
ing resistant to carbapenem-resistant A. baumannii isolates 
were tested. Twenty-four isolates were from sputum and the 
rest were from the blood samples.

Antimicrobial testing and MIC

Disc diffusion testing showed all isolates to be MDR 
defined as non-susceptible to at least one agent in all but two 
or fewer antimicrobial categories. All isolates were suscepti-
ble to colistin. Results showed high MIC value for sulbactam, 
tazobactam and meropenem with MIC ≥16, MIC ≥32 and 
MIC ≥16 µg/mL respectively (Figure 1). MIC for colistin range 
between 0.125 and 4.0 µg/mL.

In vitro synergy testing using E-test and CBA

The FIC index for all four antibiotics combination is pre-
sented in Tables  1 and 2 (CBA and E-test). FIC index 0.5-1 
in CBA for all combination whereas it was in the range of 
0.5-4 when tested with E-test strip. Synergy in CBA was 
seen in 24  (44.4%) isolates for sulbactam plus meropenem, 
29  (53.7%) isolates for sulbactam plus colistin which was 

comparatively more than tazobactam combination with 
meropenem (22 [40.7%]) or colistin (23 [42.6%]), Synergy by 
E testing was seen in 22  (40.7%) isolates for sulbactam plus 
meropenem, 24  (44.4%) isolates for sulbactam plus colistin 
which was comparatively more than tazobactam combina-
tion with meropenem (19 [35.2%]) or colistin (19 [35.2%]). In all 
combination synergy was detected in more isolates by check-
erboard method than E-test method. Interestingly partial syn-
ergy was detected in more isolates by checkerboard method 
than E-test method. Additive case was detected significantly 
more in tazobactam combination with meropenem or colistin 
irrespective of testing method. No cases of antagonism were 
detected in any isolates and 5 (9.25%) indifference was seen in 
tazobactam and colistin combination alone (Tables 1 and 2).

DISCUSSION

There is rapidly increase bacterial resistant and it is alarm-
ing that we may face the end of the “antibiotic era.” The pre-
liminary and apparently overwhelming success of antibiotics 
has been countered by an increase of resistance mechanisms 
and emergence of many genera of bacteria that are resistant 
to almost all antibiotics exiting [26-28]. In respect of Gram-
negative particular to A. baumannii, Pseudomonas and K. 
pneumonaie, colistin and tigecyclin are the last drugs of choice 
which are known for nephrotoxicity [2,15,29]. In recent past 
combine drug therapy is getting more attention in clinics for 
treatment of such MDR bacterial infection. Coistin and tigecy-
clin are last line of drug choice and they can be used as mono-
therapies against MDR bacteria, such as colistin, tigecycline 
and b-lactams. However, irrational continuous use of mono-
therapies tends to induced resistant in bacterial community, 
therefore, combine therapy can be best alternative [30].

We performed the study which evaluates the synergis-
tic effect of sulbactam/tazobactam with a combination of 
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meropenem or colistin. However, sulbactam and tazobactam 
has been used in combination with ampicillin and piperacil-
lin already. This study might be first from our region to show 
in vitro synergy between sulbactam/tazobactam plus mero-
penem or colistin against multidrug isolates originating from 
clinical samples.

The detection level of synergy or indifference was concor-
dant between the two methods in approximately half of the 
isolates for all drug combinations. With regard to sulbactam 
plus meropenem or sulbactam plus colistin combination, 
this synergistic or partial synergistic effect was found in more 
number of isolates than tazobactam plus meropenem or tazo-
bactam plus colistin respectively in both assay. Almost 87% of 
isolates were showing synergy and partial synergy in sulbac-
tam plus meropenem combination by both assay with no sig-
nificant differences. Additive was detected only in 7 (12.96%) 
and 4  (7.4%) isolates in sulbactam plus meropenem and sul-
bactam plus colistin combination respectively in checker-
board assay, but in E-test assay additive was detected only 
in sulbactam plus colistin combination (7 [12.96%]). Isolates 
showing additive were significantly more in tazobactam plus 
meropenem (in checkerboard assay 12 [22.2%]), (E-test 24 
[44.4%]) and in tazobactam plus colistin (in checkerboard 
assay 14 [25.9%]), (E-test 7 [12.96%]). Even though isolates were 
highly resistant to meropenem, sulbactam and tazobactam 
with high MIC value the combination of the drugs seems to 
be highly synergistic in vitro. In a couple of study done pre-
viously have reported synergy between meropenem, colis-
tin, sulbactam and tigecycline against imipenem-resistant A. 
baumannii [31] MDR and Pan drug resistant [9,32,33]. Earlier 
studies investigated potential synergy between meropenem 
and sulbactam only by CBA showing synergy and/or partial 
synergy in more than 50% of carbapenem-resistant isolates of 
A. baumannii [34,35].

All the antibiotic combinations that showed synergy in 
the E-test assay for tested isolates, also showed synergy in 
CBA (Tables  1 and 2). On the other hand, rest of these iso-
lates showed additivity (no synergy) or partial synergy in the 
CBA. Our results are quite `contradictory with one published 
earlier [9] however antibiotics combination were different in 
our study.

In our testing, we have used CBA which is considered to 
be standard method to evaluate synergistic effect of the drug 
in combination whereas E-test can be alternative technique. 
An expertise is a need while performing CBA, E-test was 
also easier to perform, less time-consuming, and less expen-
sive  [9]. Time-kill assay is another choice of technique, but 
limited drug concentrations and ratios can be tested whereas 
advantage of using checkerboard over time-kill assay is the use 
of multiple combinations of the agents at varying concentra-
tions and ratios. There is a degree of dissimilarity of the results 
between two tested methods for the two drug combinations. 
Another limitation of our study include that these combina-
tions were not tested by time-kill analysis and do not know 
results if tested by time-kill analysis. The aptitude of in vitro 
combination testing to forecast clinical outcome is unidenti-
fied as a previous study showed contrast in vitro results to clin-
ical benefits that compared colistin versus colistin plus rifam-
pin [36]. Further, clinical studies determining the relevance of 
these data are warranted. The clinical benefits of these antibi-
otic combinations in vivo can only be determined by assessing 
synergies through carefully designed pharmacokinetic studies 
and through multicenter randomized clinical trials [34].

With each day passing, there is a rapid increase in bacte-
rial resistance and a chance of ending the drug of choice for 
treatment [13,27]. Due to the lack of more options and effec-
tive antimicrobial agents against multidrug and extremely 
drug resistant strains, the use of combined drug therapy is 

TABLE 1. Combination effect of sulbactam/tazobactum with meropenem and colistin against MDR A. baumannii by CBA

Effect
n (%)

Sulbactam+meropenem Sulbactam+colistin Tazobactam+meropenem Tazobactam+colistin
Synergy (ΣFIC≤0.5) 44.4 (24) 53.7 (29) 40.7 (22) 42.6 (23)
Partial synergy (ΣFIC>0.5-<1) 42.6 (23) 38.9 (21) 37.0 (20) 31.5 (17)
Additive (ΣFIC=1) 12.96 (7) 7.4 (4) 22.2 (12) 25.9 (14)
Indifference (ΣFIC>1-≤4) 0 0 0 0
Antagonism (ΣFIC>4) 0 0 0 0

CBA: Checkerboard assay; MDR: Multidrug resistant; FIC: Fractional inhibitory concentration; A. baumannii: Acinetobact er baumannii

TABLE 2. Combination effect of sulbactam/tazobactum with meropenem and colistin against MDR A. baumannii by E-test

Effect
n (%)

Sulbactam+meropenem Sulbactam+colistin Tazobactam+meropenem Tazobactam+colistin
Synergy (ΣFIC≤0.5) 40.7 (22) 44.4 (24) 35.2 (19) 35.2 (19)
Partial synergy (ΣFIC>0.5-<1) 59.3 (32) 42.6 (23) 38.9 (21) 42.6 (23)
Additive (ΣFIC=1) 0 12.96 (7) 44.4 (24) 12.96 (7)
Indifference (ΣFIC>1-≤4) 0 0 0 9.25 (5)
Antagonism (ΣFIC>4) 0 0 0 0

MDR: Multidrug resistant; FIC: Fractional inhibitory concentration; A. baumannii: Acinetobacter baumannii
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increased; in such scenario our findings are even more import-
ant. A useless antibiotic as a single therapy might be effective 
in a drug combination therapy.

CONCLUSION

Our results indicate significant synergistic effect between 
sulbactam and meropenem or colistin against MDR 
A. baumannii isolates. A large-scale study should be designed 
and performed further in vitro or clinical settings to draw a 
solid conclusion.
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