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Background and aims. Acinetobacter baumannii is a commensal and opportunistic pathogen that has emerged as a problematic hospital pathogen due to its multiple-drug resistance. Biofilm-forming capacity and overexpression of efflux pumps have been described as essential mechanisms causing antibiotic resistance in most clinical isolates. Our study aimed to investigate these abilities at the phenotypic and single-cell levels under non-induced and induced antibiotic conditions among 65 clinical isolates.

Methods. The susceptibility to tetracycline, cefoperazone-sulbactam, ciprofloxacin, cefipime, meropenem, and amikacin of the A. baumannii strains was first tested by the disk diffusion test. We then employed the flow cytometry technique (FC) to monitor the bacterial growth rate, determine the MIC values of 6 antibiotics, and use microdilution as a reference. Accumulation and secretion of Ethidium bromide (EtBr) by the efflux pump were closely studied at the subpopulation level under limiting energy supply and in the presence of carbonyl cyanide m-chlorophenyl hydrazone (CCCP) as an efflux pump inhibitor. 

Results. The most effective antibiotics against A. baumannii were tetracycline and cefoperazone-sulbactam, with 45 % and 50 % resistance rates. Meanwhile, the highest resistance rate was observed in ciprofloxacin at 85 %. The cefipime, meropenem, and amikacin rates were 75 %, 80 %, and 80 %, respectively. Thirty-five strains removed more than 60% of the preloaded EtBr, twenty-six removed 30-60%, and four removed less than 30%. We observed heterogeneity in efflux pump activity in 17 strains. Ciprofloxacin slightly enhanced (from 5.66 to 11.66%) the efflux pump activity but strongly reduced (9 times) the coefficient of variation of accumulated EtBr between cells in the population.

Conclusion/Discussion. These results suggest that a single-cell approach is a promising method for rapidly assessing drug pump efflux activity, screening efflux pump inhibitors, and studying the causes of heteroresistance. 
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