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Abstract:
Introduction: With the emergence of nosocomial pathogens and the emergence of
multidrug ‎resistant agents, repeated and continuous studies on changes in resistance
patterns of clinic ‎isolated bacteria seem necessary. Colistin sulfate is known to be the last
line of treatment against ‎the different range of antibiotic resistance. While recent evidences
show emergence of the colistin ‎resistance that we are going to review here. ‎
Methods: A critical review of the literature. ‎
Results: colistin as a member of earlier classes of antibiotics was still working against
extended-spectrum beta-lactamase -producing bacteria in last decades. This feature of the
colistin was ‎affiliated with its infrequent use due to fear of its medical adverse events.
Meanwhile, recent reports ‎indicate appearance of the colistin resistance in E. Coli,
Acinetobacter baumannii and Klebsiella ‎pneumoniae isolates. Sets of different genes in
relation to the colistin resistance are proposed in ‎literature. Efflux pumps might also play
important role in appearance of these resistant strains.‎
Conclusion: When any other antibiotic does not work, Colistin is use it as the last effective
bead ‎in treating patients. Because colistin is used in the last line of treatment, increasing
resistance to it ‎is a wake-up call for health systems.‎
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Introduction
Antibiotics by definition contain biological and
synthetic substances that will eliminate or stop
the ‎growth of microorganisms (1). The
declining effectiveness of antibiotics in treating
infections has ‎accelerated in recent years (2).
Overuse of antibiotics in medicine, veterinary
medicine and ‎agriculture has caused selective
pressure on bacterial populations and the spread
of antibiotic-‎resistant strains (3). This event,
especially in developing countries is
accompanied by an increase ‎in the length of
hospital stay in hospitals and medical centers,
and an increase in the cost of ‎treatment and
economic costs (4). The presence of resistant
bacteria in different wards of ‎hospitals,
especially in intensive care units and the
problems that these resistant bacteria cause in
‎the treatment of patients, indicates the need for
accurate knowledge of these types of bacteria
‎and their pattern of antibiotic resistance (5).
Colistin sulfate is considered the last line of
defense ‎against a variety of antibiotic resistance.
While new research suggests the establishment
of ‎colistin resistance, which we will discuss in
this study. ‎
Antibiotic resistance history and rationale
for renewing Colistin:‎
β-lactamases are enzymes that break down β-
lactam antibiotics, which are the largest group
of ‎antibiotics. In recent years the prevalence of
β-lactamases has increased rapidly and is
‎recognized as a growing problem in the
treatment of infectious diseases (6). Overuse of
broad-‎spectrum beta-lactam antibiotics, mainly
third-generation cephalosporins, has led to the
‎production of extended spectrum beta-
lactamase (ESBLs) among Gram-negative
bacilli of ‎Enterobacteriaceae families such as E.
coli. and Klebsiella pneumoniae (7). ESBL
enzymes break ‎down penicillin, orido, and
carboxy penicillin, the first, second, and third
generations of ‎cephalosporins and astronomers
(8). Carbapenems were the only beta-lactam
antibiotics that are ‎effective against ESBL-

producing bacteria; while later resistance was
reported widely (9). ‎Carbapenems are
commonly used for beta-lactamase-producing
bacteria, but recently the ‎bacteria have
developed simultaneous resistance to
cephalosporins and carbapenems by ‎producing
different beta-lactamases (9,10). Because it is
difficult to identify the type of beta-‎lactamase,
doctors are unable to prescribe appropriate
antibiotics for treatment, resulting in ‎increased
antibiotic use and bacterial resistance to many
antibiotics. The genes encoding ESBLs ‎are
commonly found in plasmids and are
transmitted between different bacteria in
plasmids or ‎other transmissible DNA (11), but
colistin was still working against ESBL-
producing bacteria (12). ‎This feature of the
colistin was affiliated with its infrequent use
due to fear of nephrotoxicity (13). ‎Meanwhile,
recent reports indicate appearance of the colistin
resistance plasmids (mcr) that led to ‎colistin
resistance in E. Coli. (14-16). Aguirre et al.
found set of genes, etpA, arnT, ccrB, pmrB in
‎relation to the colistin resistance in E. Coli. (17).
‎
Previous studies have described the risks
associated with antibiotic resistance induced by
ESBL ‎production. Comparison of sepsis caused
by ESBL-producing bacteria against E. coli and
‎Klebsiella that did not produce ESBL showed
that these bacteria were five times more resistant
to ‎proper antibiotic treatment (18) and their
mortality is almost four times higher (18) and
the length ‎of hospital stay of patients with
ESBL-producing bacteria is significantly longer
(18,19). The first ‎ESBLs to be discovered in the
1980s were derivatives of the β-lactamases
produced by SHV and ‎TEM genes, which
inhibited the activity of beta-lactam antibiotics,
including third-generation ‎cephalosporins (20).
Since then, more than 200 TEM enzyme β-
lactamases and nearly 200 SHV ‎enzymes have
been discovered; About half of these molecules
have ESBL activity (21). CTX-M is ‎the newest
member of the ESBLs encoded by plasmids,
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and more than 160 molecules derived ‎from this
group have been shown to have ESBL activity.
CTX-M derivatives have been expanding
‎rapidly over the past decade (21-23). But
colistin was showing great efficacy and low
resistance ‎rate in CTX-M ESBLs producing
microorganisms (22); while later, colistin-
resistant E. coli was ‎reported for the first time
in the cockroaches in 2022 (23). ‎
The widespread utilization carbapenems to
combat multidrug-resistant (MDR) Gram-
negative ‎bacterial infections has aided the
spread of carbapenem-resistant
Enterobacteriaceae over the ‎world. In some
regions, serine and metallo—lactamases
(MBLs) have grown common, requiring ‎the
usage of earlier classes of antibiotics like
colistin (24). ‎
Colistin sulfate resistance in carbapenemase-
producing Klebsiella pneumoniae ‎
Colistin resistance is becoming more common
among Klebsiella pneumoniae isolates that
‎produce carbapenemase and it was reported in
SHV-5-produning strains (25). Medical care
‎centers should be able to detect broad-spectrum
beta-lactamase-producing bacteria and
‎carbapenemaze, and if they see broad-spectrum
beta-lactamase-producing bacteria and
‎carbapenemase, use a combination of beta-
lactamase inhibitors and beta-lactam antibiotics.
A set ‎of recent studies have investigated
synergism of Colistin and meropenem for
treatment of the ‎carbapenemase-producing
Klebsiella pneumoniae. Nutman et al. found
such synergism in-vitro; ‎but clinical efficacy of
Colistin and meropenem combination was not
satisfying (26). A randomized ‎clinical trial in
2018 showed that Colistin monotherapy was as
effective as colistin plus meropenem in
‎carbapenemase producing microorganisms
(27). ‎
Colistin sulfate resistance in Acinetobacter
Multidrug resistance in Acinetobacter
baumannii is the main cause of treatment failure
for ‎nosocomial infections Acinetobacter

baumannii strains due to inherent resistance and
acceptance ‎of genetic elements carrying
resistance genes to most Antibiotics, and
multidrug-resistant strains ‎have emerged.
Colistin sulfate is known to be an effective
antibiotic especially for the treatment ‎of
nosocomial infections with multiple antibiotic
resistance, although cases of resistance to
‎Colistin is recently reported in Acinetobacter
that has raised concerns on the global
deterioration ‎of the situation (28). From the first
reports of the Colistin resistance, scientists have
tended ‎developing new generations of Colistin,
like Wang et al. study recommending the phage
therapy (28). ‎
While Colistin was still working on
carbapenem-resistant Acinetobacter baumannii
(CRAB), ‎emerging evidences are opposing in
some endemic regions. Adams et al. suggested
PmrAB gene ‎as the mechanism of antibacterial
resistance in Acinetobacter baumannii (29).
Another study ‎reported lpsB, dnaK, and blsA
genes to be associated with colistin resistance
Acinetobacter baumannii ‎‎(30). ‎
Efflux pumps and colistin resistance: ‎
Today, active efflux pumps as one of the most
important mechanisms of intrinsic and acquired
‎resistance of antibiotics have been reported in
bacteria (31). Antibiotic effusion pumps in
bacteria ‎belong to five large families in terms of
phylogeny. Among them are pumps of
Resistance-‎Nodulation-Division and Multidrug
and Toxic compound Extrusion of
Acinetobacter baumannii ‎pump (32). Influx
pumps not only increase the minimum
concentration of inhibitory growth of ‎antibiotic
bacteria, but also reduce Intracellular drug
concentrations lead to the development of
‎antibiotic-resistant mutant strains in bacteria.
Many efflux pumps, such as KpnEF and the
AcrAB–‎TolC complex, have been discovered
as lowering colistin sensitivity (33).‎
Conclusion: ‎
In the last few decades, colistin, a member of an
older family of antibiotics, was nevertheless
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‎effective against extended-spectrum beta-
lactamase-producing bacteria. This property of
colistin ‎was linked to its uncommon usage due
to concerns about its medical side effects.
Meanwhile, ‎findings suggest that colistin
resistance has emerged in E. coli, Acinetobacter
baumannii, and ‎Klebsiella pneumoniae isolates.
Literature has hypothesized a number of
alternative gene sets in ‎relation to colistin
resistance. Efflux pumps might also play
important role in the appearance of these
‎resistant strains.‎
References:‎
1.Dougherty TJ, Pucci MJ, editors. Antibiotic

discovery and development. Springer
Science & ‎Business Media; 2011 Dec 21.‎

2.Coates AR, editor. Antibiotic resistance.
Springer Science & Business Media; 2012
Oct 23.‎

3.Frieri M, Kumar K, Boutin A. Antibiotic
resistance. Journal of infection and public
health. 2017 Jul ‎‎1;10(4):369-78.‎

4.de Kraker ME, Wolkewitz M, Davey PG,
Grundmann H. Clinical impact of
antimicrobial resistance in ‎European
hospitals: excess mortality and length of
hospital stay related to methicillin-resistant
‎Staphylococcus aureus bloodstream
infections. Antimicrobial agents and
chemotherapy. 2011 ‎Apr;55(4):1598-605.‎

5.Collignon P. Antibiotic resistance: are we all
doomed?. Internal medicine journal. 2015
‎Nov;45(11):1109-15.‎

6.Bush K. Past and present perspectives on β-
lactamases. Antimicrobial agents and
chemotherapy. ‎‎2018 Oct 1;62(10):e01076-
18.‎

7.Leylabadlo HE, Pourlak T, Aghazadeh M,
Asgharzadeh M, Kafil HS. Extended-
spectrum beta-‎lactamase producing gram
negative bacteria In Iran: A review. African
journal of infectious ‎diseases.
2017;11(2):39-53.‎

8.Sah SK, Hemalatha S. Extended spectrum
Beta lactamase (ESBL) Mechanism of

antibiotic ‎resistance and Epidemiology. Int
J pharmtech Res. 2015;7(2):303-9.‎

9.Papp-Wallace KM, Endimiani A, Taracila
MA, Bonomo RA. Carbapenems: past,
present, and future. ‎Antimicrobial agents
and chemotherapy. 2011 Nov;55(11):4943-
60.‎

10. Zhanel GG, Wiebe R, Dilay L, Thomson K,
Rubinstein E, Hoban DJ, Noreddin AM,
Karlowsky JA. ‎Comparative review of the
carbapenems. Drugs. 2007May;67(7):1027-
52.‎

11. Brolund A, Sandegren L. Characterization
of ESBL disseminating plasmids. Infectious
diseases. ‎‎2016 Jan 2;48(1):18-25.‎

12. Andrade FF, Silva D, Rodrigues A, Pina-
Vaz C. Colistin update on its mechanism of
action and ‎resistance, present and future
challenges. Microorganisms. 2020
Nov;8(11):1716.‎

13. Gai Z, Samodelov SL, Kullak-Ublick GA,
Visentin M. Molecular mechanisms of
colistin-induced ‎nephrotoxicity. Molecules.
2019 Jan;24(3):653.‎

14. Al-Tawfiq JA, Laxminarayan R, Mendelson
M. How should we respond to the
emergence of ‎plasmid-mediated colistin
resistance in humans and animals?.
International Journal of Infectious ‎Diseases.
2017 Jan 1;54:77-84.‎

15. Ku YH, Lee MF, Chuang YC, Chen CC, Yu
WL. In vitro activity of colistin sulfate
against ‎Enterobacteriaceae producing
extended-spectrum β-lactamases. Journal of
Microbiology, ‎Immunology and Infection.
2015 Dec 1;48(6):699-702. ‎

16. Nation RL, Li J. Colistin in the 21st century.
Current opinion in infectious diseases. 2009
Dec;22(6):535.‎

17. Aguirre L, Vidal A, Seminati C, Tello M,
Redondo N, Darwich L, Martín M.
Antimicrobial resistance ‎profile and
prevalence of extended-spectrum beta-
lactamases (ESBL), AmpC beta-lactamases
‎and colistin resistance (mcr) genes in

 [
 D

ow
nl

oa
de

d 
fr

om
 in

tjm
i.c

om
 o

n 
20

25
-1

2-
07

 ]
 

                               4 / 6

https://intjmi.com/article-1-799-en.html


Int J Med Invest 2022; Volume 11; Number 2; 45-49 http://intjmi.com

Escherichia coli from swine between 1999
and 2018. ‎Porcine health management. 2020
Dec;6(1):1-6.‎

18. Melzer M, Petersen I. Mortality following
bacteraemic infection caused by extended
spectrum beta-‎lactamase (ESBL) producing
E. coli compared to non-ESBL producing
E. coli. Journal of ‎Infection. 2007 Sep
1;55(3):254-9.‎

19. Bhavnani SM, Ambrose PG, Craig WA,
Dudley MN, Jones RN. Outcomes
evaluation of patients ‎with ESBL-and
non–ESBL-producing Escherichia coli and
Klebsiella species as defined by CLSI
‎reference methods: report from the
SENTRY antimicrobial surveillance
program. Diagnostic ‎microbiology and
infectious disease. 2006 Mar 1;54(3):231-6.‎

20. Pitout JD, Nordmann P, Laupland KB,
Poirel L. Emergence of Enterobacteriaceae
producing ‎extended-spectrum β-lactamases
(ESBLs) in the community. Journal of
antimicrobial ‎chemotherapy. 2005 Jul
1;56(1):52-9.‎

21. Livermore DM, Canton R, Gniadkowski M,
Nordmann P, Rossolini GM, Arlet G, Ayala
J, Coque TM, ‎Kern-Zdanowicz I, Luzzaro
F, Poirel L. CTX-M: changing the face of
ESBLs in Europe. Journal ‎of antimicrobial
chemotherapy. 2007 Feb 1;59(2):165-74.‎

22. Ejaz H, Younas S, Abosalif KO, Junaid K,
Alzahrani B, Alsrhani A, Abdalla AE, Ullah
MI, Qamar MU, ‎Hamam SS. Molecular
analysis of bla SHV, bla TEM, and bla
CTX-M in extended-spectrum β-‎lactamase
producing Enterobacteriaceae recovered
from fecal specimens of animals. PLoS ‎One.
2021 Jan 7;16(1):e0245126.‎

23. Landolsi S, Selmi R, Hadjadj L, Ben Haj
Yahia A, Ben Romdhane K, Messadi L,
Rolain JM. First ‎Report of Extended-
Spectrum β-Lactamase (bla CTX-M1) and
Colistin Resistance Gene mcr-1 ‎in E. coli of
Lineage ST648 from Cockroaches in

Tunisia. Microbiology Spectrum. 2022 Mar
‎‎1:e00036-21.‎

24. Bradford PA, Kazmierczak KM,
Biedenbach DJ, Wise MG, Hackel M, Sahm
DF. Correlation of β-‎lactamase production
and colistin resistance among
Enterobacteriaceae isolates from a global
‎surveillance program. Antimicrobial agents
and chemotherapy. 2015 Dec
14;60(3):1385-92. ‎

25. Savov E, Todorova I, Politi L, Trifonova A,
Borisova M, Kioseva E, Tsakris A. Colistin
resistance in ‎KPC-2-and SHV-5-producing
Klebsiella pneumoniae clinical isolates in
Bulgaria. Chemotherapy. ‎‎2017;62(6):339-
42.‎

26. Nutman A, Lellouche J, Temkin E, Daikos
G, Skiada A, Durante-Mangoni E, Dishon-
Benattar Y, ‎Bitterman R, Yahav D, Daitch
V, Bernardo M. Colistin plus meropenem
for carbapenem-‎resistant Gram-negative
infections: in vitro synergism is not
associated with better clinical ‎outcomes.
Clinical Microbiology and Infection. 2020
Sep 1;26(9):1185-91.‎

27. Paul M, Daikos GL, Durante-Mangoni E,
Yahav D, Carmeli Y, Benattar YD, Skiada
A, Andini R, ‎Eliakim-Raz N, Nutman A,
Zusman O. Colistin alone versus colistin
plus meropenem for ‎treatment of severe
infections caused by carbapenem-resistant
Gram-negative bacteria: an ‎open-label,
randomised controlled trial. The Lancet
Infectious Diseases. 2018 Apr 1;18(4):391-
‎‎400.‎

28. Wang X, Loh B, Gordillo Altamirano F, Yu
Y, Hua X, Leptihn S. Colistin-phage
combinations ‎decrease antibiotic resistance
in Acinetobacter baumannii via changes in
envelope architecture. ‎Emerging microbes
& infections. 2021 Jan 1;10(1):2205-19.‎

29. Adams MD, Nickel GC, Bajaksouzian S,
Lavender H, Murthy AR, Jacobs MR,
Bonomo RA. ‎Resistance to colistin in
Acinetobacter baumannii associated with

 [
 D

ow
nl

oa
de

d 
fr

om
 in

tjm
i.c

om
 o

n 
20

25
-1

2-
07

 ]
 

                               5 / 6

https://intjmi.com/article-1-799-en.html


Int J Med Invest 2022; Volume 11; Number 2; 45-49 http://intjmi.com

mutations in the PmrAB two-‎component
system. Antimicrobial agents and
chemotherapy. 2009 Sep;53(9):3628-34.‎

30. Bahador A, Farshadzadeh Z, Raoofian R,
Mokhtaran M, Pourakbari B,
Pourhajibagher M, Hashemi ‎FB.
Association of virulence gene expression
with colistin-resistance in Acinetobacter
‎baumannii: analysis of genotype,
antimicrobial susceptibility, and biofilm
formation. Annals of ‎clinical microbiology
and antimicrobials. 2018 Dec;17(1):1-2.‎

31. Lin MF, Lin YY, Lan CY. Contribution of
EmrAB efflux pumps to colistin resistance

in Acinetobacter ‎baumannii. Journal of
Microbiology. 2017 Feb;55(2):130-6.‎

32. Sundaramoorthy NS, Suresh P, Selva
Ganesan S, GaneshPrasad A, Nagarajan S.
Restoring ‎colistin sensitivity in colistin-
resistant E. coli: combinatorial use of MarR
inhibitor with efflux ‎pump inhibitor.
Scientific reports. 2019 Dec 27;9(1):1-3.‎

33. Baron S, Hadjadj L, Rolain JM, Olaitan AO.
Molecular mechanisms of polymyxin
resistance: knowns ‎and unknowns.
International journal of antimicrobial
agents. 2016 Dec 1;48(6):583-91.‎

 [
 D

ow
nl

oa
de

d 
fr

om
 in

tjm
i.c

om
 o

n 
20

25
-1

2-
07

 ]
 

Powered by TCPDF (www.tcpdf.org)

                               6 / 6

https://intjmi.com/article-1-799-en.html
http://www.tcpdf.org

