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Abstract 
Background: Nosocomial infections are known in patients treated at tertiary care hospitals. However this acquires significance 

as some of these are resistant to most of the major categories of antibiotics. Treatment of such infections become more 

challenging while treating patients in burn wards. There is a pressing requirement to evaluate combinations of some of the 

available antibiotics to treat these nosocomial infections in burns patients. No study evaluating combination of meropenem and 

colistin on clinical isolates of burns patients in a tertiary care hospital is available. 

Objective: To evaluate synergistic effect of meropenem and colistin antibiotic combination on common multidrug resistant 

bacteria isolated from the burn ward patients. 

Methods: A total of 46 strains of multidrug resistant bacteria which included 23 strains each of P. aeruginosa and Acinetobacter 

baumannii were tested forin-vitro synergistic effect of meropenem and colistin combination. MIC and FIC index was calculated 

for all the bacterial isolates. 

Result: 18 out of 23 strains of P. aeruginosa and 19 out of 23 strains of Acinetobacter baumannii showed synergistic activity. 

Conclusion: This study suggests that the combination of meropenem and colistin could be a good alternative for the treatment of 

Acinetobacter and Pseudomonas infections in burns patients, until a newer antibiotic agent is available. 
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Introduction 
As the skin barriers are destroyed and immune 

system is suppressed in patients with burns, they are at 

high risk of developing nosocomial infection, which is 

further compounded by prolonged hospitalization and 

invasive therapeutic and diagnostic procedures. This 

risk of infection increases proportionately with the size 

of the burn[1]. 

Bacteria and fungi are the most common pathogens 

of burn wounds. These microbes form multi-species 

biofilms on burn wounds within 48–72 hours of 

injury[1]. These organisms either originate from the 

patient’s own skin, gut and respiratory flora, or through 

contact with contaminated health care environments 

and workers[1,2-10]. Gram-positive bacteria are some of 

the first to colonize burns, followed quickly by Gram-

negative. Fungal infection tends to occur in the later 

stages after the majority of bacteria have been 

eliminated by topical antibiotics[1].  

The most common causes of burn wound infections 

are bacteria, with Pseudomonas aeruginosa being the 

most important species[9–11]. Clinicians are increasingly 

opting for two or more antibiotics as empiric choice to 

ensure clinical cure. Antibiotic combinations are sought 

to provide synergistic killing. Synergistic interactions 

are usually thought of as advantageous, since, for a 

given amount of drug, they more effectively inhibit the 

growth of drug-sensitive pathogens[12]. 

One of the parameters which has been used to 

show interactions during combination therapy are the 

FIC (Fractional Inhibitory Concentration) indices, 

derived from chequer board titrations[13]. To the best of 

our information, there are only few studies in tertiary 

care hospitals to find in-vitro effect of meropenemand 

colistin combination on multidrug resistant clinical 

isolates from burns patients, using chequer board 

titrations. 

 

Materials and Methods 
This study was conducted at Department of 

Microbiology, of a tertiary care hospital. Study period 

was from Sep 2014 to Sep 2015. Clinical isolates were 

characterized using conventional methods and 

identified using a Vitek™ Automated Microbiology 

System (BioMerieux, USA). 

Forty six multidrug resistant bacterial strains were 

selected for the study. These included 23 strains each of   

Pseudomonas aeruginosa and Acinetobacter 

baumannii. All of these bacterial strains were resistant 

to meropenem and susceptible to colistin. 

 

Antimicrobial agents: The following antimicrobial 

agents were used: colistinsulfome thatesodium and 

meropenem. The MIC (Minimum inhibitory 

Concentration) values of colistin and meropenem were 

determined for all 46 bacterial isolates. 

MIC determination: The MIC values of meropenem 

and colistin were determined for all 46 bacterial isolates 

by broth microdilution method as described by Clinical 

and Laboratory Standard Institute-CLSI[14]. Meropenem 

and colistin were tested at concentrations up to six 

times above and below the MICs of the drugs[14]. 

http://cid.oxfordjournals.org/content/37/4/543.full#ref-20
http://cid.oxfordjournals.org/content/37/4/543.full#ref-27
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Growth Control and sterility controls were also tested. 

The bacterial inoculum used was 5 × 105 CFU/mL 

(Colony forming units per ml). 

Synergy testing by Chequer board technique: 

Synergy testing of meropenem with colistin was 

performed by chequerboard method. The combinations 

of antibiotics tested for each strain of bacteria was 

meropenem plus colistin.  

Interaction was determined according to calculated FIC 

(Fractional Inhibitory Concentration) index. 

FIC index calculation 

FIC index:  FIC of drug A (meropenem) and FIC of 

drug B(colistin) 

=      MIC of drug A in combination             + 

        MIC of drug A alone 

=      MIC of drug B in combination  

         MIC of drug B alone 

Interpretative definitions: Results of calculations 

were interpreted as previously described(15,16). A 

calculated FIC index value of ≤0.5 represented a 

synergistic effect (i.e. total effect greater than the sum 

of the individual antibiotic effects), a value between 

>0.5 and <2 represented an additive effect (i.e. no 

additional contribution from including the second 

antibiotic, compared with use of the first antibiotic 

alone), and a value of ≥2 represented an antagonistic 

effect (i.e. total effect less than the sum of the 

individual effects)[15,16]. 

 

Results 
The MICs obtained for each antibiotic are shown in 

Table 1 and 2. All Pseudomonas 

aeruginosa Paeruginosa strains used were sensitive to 

colistin and resistant to meropenem. For Pseudomonas 

aeruginosa, isolate numbers P 8 and P 12 had the 

lowest MIC to colistin, while P 6, P9 and P11 had the 

highest MIC to colistin. For meropenem, isolate 

number P21 had the lowest MIC, while P2 and P8 had 

the highest MIC. 

For A.baumannii, all 23 strains used were sensitive 

to colistinand resistant to meropenem. Isolate number 

A8 had the lowest MIC to colistin, while A6, A9 and 

A11 had the highest MIC to colistin. For meropenem, 

A15 and A21 had the lowest MIC while A6 had the 

highest MIC. 

 

Chequerboard Results 

Table 1 shows the FICs calculated for all the A. 

baumannii strains using the 2 combinations of 

antibiotics; while Table 2 shows the FICs calculated for 

all the Pseudomonas strains using the 2 combinations of 

antibiotics. 

For the combination of meropenem and colistin on 

A.baumannii, 19 of the 23 strains showed synergy, 

while 4 strains showed additive results. The average of 

the “Mean of FIC index” for the 23 strains of A. 

baumannii is 0.413±0.188 with meropenem combined 

with colistin. For the combination of meropenem and 

colistin on P.aeruginosa, 18 of the 23 strains showed 

synergy while 5 strains of 23 showed additive results. 

The average of the “Mean of FIC index” for the 23 

strains of P.aeruginosa is 0.443±0.222 with 

meropenem combined with colistin. 

Table 1: MIC index and FIC index of 23 Strains of Acinetobacter baumannii 

Acinetobacter baumannii 

Strains MIC Meropenem(g/ml) MIC Colistin(g/ml) FIC 

Index 

Outcome 

Alone With Colistin Alone With Meropenem 

A1 32 4 0.5 0.125 0.375 Synergy 

A2 32 2 0.5 0.125 0.25 Synergy 

A3 16 1 0.25 0.0625 0.313 Synergy 

A4 32 8 0.5 0.125 0.5 Synergy 

A5 32 4 0.5 0.125 0.375 Synergy 

A6 >128 32 1 0.125 0.375 Synergy 

A7 64 16 0.25 0.125 0.75 Additive 

A8 16 8 0.125 0.0625 1 Additive 

A9 32 4 1 0.25 0.375 Synergy 

A10 32 4 0.5 0.125 0.375 Synergy 

A11 32 4 1 0.125 0.25 Synergy 

A12 16 1 0.25 0.0625 0.313 Synergy 

A13 32 16 0.25 0.25 0.25 Synergy 

A14 16 8 0.5 0.0625 0.625 Additive 

A15 8 1 0.5 0.0625 0.25 Synergy 

A16 32 8 0.5 0.125 0.5 Synergy 

A17 16 8 0.5 0.0625 0.625 Additive 

A18 16 1 0.25 0.0625 0.313 Synergy 

A19 32 4 0.5 0.125 0.375 Synergy 

A20 32 16 0.25 0.25 0.25 Synergy 

A21 8 1 0.5 0.0625 0.25 Synergy 
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A22 16 1 0.25 0.0625 0.313 Synergy 

A23 32 8 0.5 0.125 0.5 Synergy 

 

Table 2: MIC index and FIC index of 23 Strains of Pseudomonas aeruginosa 

Pseudomonas aeruginosa 

Strains MIC Meropenem(g/ml) MIC Colistin(g/ml) FIC 

Index 

Outcome 

Alone With Colistin Alone With 

Carbepenem 

P1 64 16 0.5 0.125 0.375 Synergy 

P2 128 2 0.5 0.125 0.25 Synergy 

P3 32 1 0.25 0.0625 0.313 Synergy 

P4 64 8 0.5 0.125 0.5 Synergy 

P5 32 4 0.5 0.125 0.375 Synergy 

P6 64 32 1 0.125 0.375 Synergy 

P7 64 16 0.25 0.125 0.75 Additive 

P8 128 8 0.125 0.0625 1 Additive 

P9 32 4 1 0.25 0.375 Synergy 

P10 32 4 0.5 0.125 0.375 Synergy 

P11 32 4 1 0.125 0.25 Synergy 

P12 16 8 0.125 0.0625 1 Additive 

P13 32 16 0.25 0.25 0.25 Synergy 

P14 16 8 0.5 0.0625 0.625 Additive 

P15 8 1 0.5 0.0625 0.25 Synergy 

P16 32 8 0.5 0.125 0.5 Synergy 

P17 16 8 0.5 0.0625 0.625 Additive 

P18 16 1 0.25 0.0625 0.313 Synergy 

P19 32 4 0.5 0.125 0.375 Synergy 

P20 32 16 0.25 0.25 0.25 Synergy 

P21 8 1 0.5 0.0625 0.25 Synergy 

P22 16 1 0.25 0.0625 0.313 Synergy 

P23 32 8 0.5 0.125 0.5 Synergy 

 

Discussion 
Most P. aeruginosa and A. baumannii infections 

are treated using different anti-pseudomonal and anti-

acinetobacter agents such as aztreonam, 

aminoglycosides and fluoroquinolones. Carbapenems 

are considered to be drugs used for extreme resistant 

cases.  However, with the increase in resistance against 

carbapenems, most of the available antimicrobial agents 

are   proving to be virtually useless[17].   

In our study all strains of P. aeruginosa and A. 

baumannii were resistant to meropenem but susceptible 

to colistin (Tables 1 and 2). On the other hand, the 

combination of meropenem and colistin was synergistic 

in majority of strains isolated. This suggests that the 

combination of meropenem with colistin could be a 

good alternative for the treatment of Acinetobacter and 

Pseudomonas infections from burns patients, until an 

alternative antibiotic agent is successfully developed. 

Combination therapy limits and suppresses 

bacterial resistance, decreases antibiotic toxicity, covers 

a broad range of pathogens with greater efficacy and 

most importantly leads to   synergy[18]. 

Due to the labor-intensiveness of chequerboard 

titrations, difficult nature of test that needs expertise 

and interpretation as well as difficulty in providing 

quick reports to the treating Physicians, newer methods 

for an optimized approach is being looked into. One of 

these methods is the XactTM test that has been 

developed by AB Biodisk, Solna, Sweden that 

endeavors to measure the different gradients of 

antibiotic combinations in perpendicular fashion, 

employing a 50 X 50 mm plastic carrier that has a 

combination of two antibiotics immobilized over it. 

This carrier is used over a lawn culture of the organism 

that is being studied. The FICI are read using a software 

that indicates different outcome (Synergy, Additiveness 

and Antagonism) at the touch of a button. This method 

has been found to have good correlation with 

chequerboard titration. The method can be adapted for 

use in multi-resistant fungal isolates as well[19]. 

 

References 
1. Church, D., Elsayed, S., Reid, O., Winston, B., Lindsay, 

R. (2006) Burn Wound Infections. Clinical Microbiology 

Reviews, 19(2),403–434. 

2. Murray, C., Hospenthal, D.R. (2008). “Burn Wound 

Infections”. 

3. Lindberg RB, Moncrief JA, Switzer WE, Order SE, Mills

 W Jr. The successful control of burn wound sepsis. J 

Trauma 1965;5:601-16. 



Jaswinder Singh Gill et al.                 In vitro study of meropenem and colistin combination against multidrug…. 

Indian J Microbiol Res 2016;3(4):401-404                                                                                                                404 

4. Lowbury EJL, Fox J. The epidemiology of infection 

with Pseudomonas pyocyanea in a burns uni. J 

Hyg 1954;52:403-16. 

5. Haynes BW Jr, Hench ME. Hospital isolation system for 

preventing cross-contamination by staphylococcal 

and Pseudomonas organisms in burn wound. Ann 

Surg 1965;162:641-9. 

6. Kohn J. A study of Ps: pyocyanea cross infection in a 

burns unit. Preliminary report. 

In: Wallace AB, Wilkinson AW, editors. Research in 

burns. Edinburgh: E and S Livingstone;1966. p. 486-500. 

7. Sutter VL, Hurst V. Sources of Pseudomonas 

aeruginosa infection in burns: study of wound and rectal 

cultures with phage typing. Ann Surg 1966;163:597-602. 

8. Barclay TL, Dexter F. Infection and cross-infection in a 

new burns centre. Br J Surg 1968;55:197-202. 

9. Shulman JA, Terry PM, Hough CE. Colonization with 

gentamicin-resistant Pseudomonasaeruginosa, pyocine 

type 5, in a burn unit. J Infect Dis1971;124(Suppl):18-23. 

10. Stone HH, Kolb LD. The evolution and spread of 

gentamicin-resistant pseudomonad. J 

Trauma 1971;11:586-9. 

11. Kominos SD, Copeland CE, Grosiak B. Mode of 

transmission of Pseudomonas aeruginosa in a burn unit 

and an intensive care unit in a general hospital. Appl 

Microbiol 1972;23:309-12. 

12. Torella JP, Chait R, Kishony R. Optimal drug synergy in 

antimicrobial treatments. Bourne PE. PLoS Comput Biol. 

Public Library of Science. 2010;6(6):e1000796. 

13. Den Hollander JG, Mouton JW, Verbrugh HA. Use of 

pharmacodynamics parameters to predict efficacy of 

combination therapy by using fractional inhibitory 

concentration kinetics. Anti-microb Agents Chemother. 

1998;42(4):744–48. 

14. Clinical and Laboratory Standards Institute, 

“Performance Standards for Antimicrobial Susceptibility 

Testing; Twenty-First Informational Supplement,” 

Clinical and Laboratory Standards Institute, 2011. 

15. D. K. Joung, H. Joung, D. W. Yang, D. Y. Kwon, J. G. 

Choi, S. Woo and D. W. Shin, “Synergistic Effect of 

Rhein in Combination with Ampicillin or Oxacillin 

against Me- thicillin-Resistant staphylococcus aureus,” 

Experimental and Therapeutic Medicine, Vol. 3, No. 4, 

2012, pp. 608-612. 

16. R. L. White, D. S. Burgess, M. Manduru and J. A. Bosso, 

“Comparison of Three Different in -vitro Methods of 

Detecting Synergy: Time-kill, Checkerboard, and E 

Test,” Antimicrobial Agents and Chemotherapy, Vol. 40, 

No. 8, 1996, pp. 1914-1918. 

17. A. B. Teixeira, A. F. Martins, J. Barin, D. M. Hermes, C. 

Pormann, A. L. Barth, “First Report of carbapenem-

resistant Acinetobacternosocomialis isolates Harboring 

ISAba1-blaOXA-23 Genes in Latin America,” Journal of 

Clinical Microbiology, Vol. 51, No. 8, 2013, pp. 2739- 

3741. 

18. M. E. Falagas and D. E. Karageorgopoulos, “Pandrug 

Resistance (PDR), Extensive Drug Resistance (XDR), 

and Multidrug Resistance (MDR) among Gram-Negative 

Bacilli: Need for International Harmonization in 

Terminology,” Clinical Infectious Diseases: An Official 

Publi- cation of the Infectious Diseases Society of 

America, Vol. 46, No. 7, 2008, pp. 1121-1122. 

19. Alex van Belkum, Diane halimi, Eve-Julie Bonetti, 

Gesuele Renzi et al. Meropenem/ colistin synergy testing 

for multidrug-resistant Acinetobacterbaumannii strains by 

a two dimensional gradient technique applicable in 

routine microbiology. J Antimicrob Chemother 

2015;70:167-172. 

 

How to cite this article: Gill JS, Kapila K. In vitro study of 

meropenem and colistin combination against multidrug 

resistant clinical isolates from patients with burns. Indian J 

Microbiol Res 2016;3(4):401-404. 


