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Abstract

Antibiotic resistance is steadily increasing all over the world and has become
a major public health challenge. To this end, colistin, an old bactericidal anti-
biotic of polymyxins family, has been recently re-introduced as only available
last-resort antibiotic arsenal for treatment of infections caused by multidrug
resistant (MDR)-Gram-negative bacteria. However, the continual and exten-
sive use of colistin has led to the emergence and rapid spreading of its bac-
terial resistance and non-susceptibility that is currently experiencing a critical
healthcare issue with extensive global concern. Both transferable and intrinsic
mechanisms of bacterial resistance to colistin have been documented in sev-
eral countries and, therefore, comprehensive epidemiological data and re-
ports are urgently needed to better understand the current status of this im-
portant antibiotic to properly optimize its clinical significance. In consisten-
cy, the present narrative review highlights both clinical use and reported bac-
terial resistance of colistin in the Kingdom of Saudi Arabia.
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1. Introduction

Polymyzxins, a family of cationic polypeptide antibiotics, were discovered in 1947
[1].

Colistin, or polymyxin E, was first isolated in 1949 by the Japanese scientist
Koyama from spore-forming soil bacteria and it has been used clinically since
1959 [2] [3] [4]. It was revealed that colistin has a high selectivity against
Gram-negative bacteria by binding with their outer lipid a moiety of lipopoly-
saccharide causing irreversible disruption of their outer membranes with subse-

quent bactericidal activity [5].
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Like other polymyxins, the systemic use of colistin, however, was widely dis-
continued over the past years because of its high rate of nephro- and neurotoxic-
ity. Nevertheless, as the global number of infections caused by MDR-Gram neg-
ative bacteria is becoming increased and more prevalent, re-clinical use of colis-
tin, in spite of its toxic effects, has recently get back as the last-resort therapeutic
option for treatment of such emergent serious infections [6] [7]. At that regard,
colistin has been clinically proved to treat severe infections caused by
MDR- Pseudomonas aeruginosa, Klebsiella penumoniae, Acinetobacter bauman-
nii, Haemophilus influenza, Escherichia coli, Salmonella sp, Enterobacter sp,
Shigella sp., and other strains of MDR-Gram-negative bacteria [8] [9]. In spite,
the extensive use of colistin has led to the emergence of development and
spreading of multiple intrinsic and transferable resistant mechanisms and
non-susceptibility among the majority of MDR-Gram negative bacterial strains
and this critical issue is currently experiencing an extensive concernin several
worldwide countries [10]. The present review appraises the clinical use and the
reported bacterial resistance of colistin over the recent years in the Kingdom of
Saudi Arabia.

2. Materials and Methods

A nonsystematic narrative review was performed about the clinical use and bac-
terial resistance of colistin in the Kingdom of Saudi Arabia. “PubMed” and
“EMBASE” were searched using the following keywords: “Colistin” AND “Po-
lymyxins” AND “Saudi Arabia” AND “Use” AND “Resistance” AND “Toxicity”.
Available publications met to the subject of this review were screened for relev-
ance. Additional data of interest from the Infectious Diseases Society of America
(IDSA), and those predicted by WHO, were also included. Publications in

non-English language were excluded.

3. Results and Discussion

Indeed, there is very little number of valid clinical data covering the different
clinical uses of colistin in combating infectious bacterial diseases in Saudi Ara-
bia. However, most of the available data showed that Gram-negative bacteria re-
sistant to the commonly used first line antibiotics are unfortunately continually
increasing and colistin seems in most cases as the only available antibiotic me-
dication. With this concept, colistin has been approved in Saudi hospitals for
treatment of patient with nosocomial pneumonia caused by MDR—but colistin-
sensitive-Gram negative bacteria [11]. Constantly, colistin is almost the only at-
tainable therapy for treatment of Saudi patients with pleurisy and ventila-
tor-associated infections caused by carbapenem-resistant Acinetobacter bau-
mannii and Escherichia coli [12]. At that point, addition of intra-pleural colistin
therapy along with its conventional intravenous course was found to be more
effective [12]. Intrathecal colistin-based therapy was also highly recommended

in Saudi Arabia for treatment of critically ill patients with serious nosocomial
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meningitis [13], or post-neurosurgical meningitis due to infection with MDR
Acinetobacter baumannii [14]. Favourable synergistic clinical value of combin-
ing colistin with ceftolozane-tazobactamhas also been suggested for treatment of
infections caused by MDR Pseudomonas aeruginosa [15].

Colistin has been extensively used to treat worldwide infections with
MDR-Gram negative bacteria, and this in turn had lead to the development of
bacterial resistance and non-susceptibility towards this important. In constancy,
a significant number of Saudi studies have been conducted over the past few
years to identify the type and rate of colistin-resistance among their patients and
to explore their possible underlying mechanisms. For instance, colistin-resistant
Enterobacteriaceae spp. and Acinetobacter spp., in particular A. baumannii,
have been identified [16] [17], and infections caused by specific strains of Kleb-
siellapneumoniae with remarkable resistances to colistin have been recently spe-
cified [18]. Pathogenic Gram-negative bacteria with well-known intrinsic resis-
tant to colistin such as Proteus, Serratia, and Morganella have widely isolated
[16]. More interestingly, MDR Providencia species with dual intrinsic resistance
to colistin and carbapenem therapy and causing sever urinary tract infections,
e.g., P. stuartii and P. rettgers; have been recently isolated from hospitalized pa-
tients and, exceedingly, such type of resistance could be transmitted to other pa-
thogenic bacteria such as Escherichia coli and vice versa by transformation and
conjugation processes [19].

At the molecular level, the plasmid-mediated mobile colistin resistance gene
(mcr-1 gene) was successfully detected in isolated resistant bacteria, particularly
in samples contained pathogenic Escherichia coli and Klebsiella pneumoniae
[10]. In support, mcr-1 gene-mediated bacterial resistance to colistin has been
characterized in several worldwide countries [20], and it was detected not only
in infected human samples, but also in foods, animals, and environments [21]
[22], reflecting its increased horizontal transfer around the world [23]. In addi-
tion to the prevalence of mcr-1 gene, emergence of Klebsiella pneumoniae har-
boring mutated mgrB-colistin-resistance gene has also been recently raised in
Saudi Arabia [18]. Mutations or inactivation in this bacterial gene have pre-
viously been identified as the key step in development of bacterial CrrAB and
PhoQ/PhoP signaling system mediating colistin resistance [24].

In the hospitals and clinical centers, systemic therapy with colistin prepara-
tions is generally carried out by intravenous injection. Colistin can also be in-
jected intramuscularly, however, it is not recommended route due to its very
painful effect [18]. Most importantly, there is still non optimized systemic dos-
ing strategy regarding the appropriate colistin usage throughout the world [11]
[25] [26] and dose-related nephro-and neurotoxicity is an important adverse ef-
fect in colistin therapy [27]. Several studies have shown the clinical efficacy of
colistin at either low dose of 2.5 - 5 mg/kg/day (1 mg = 12,500 IU) or high dose
of 5 - 10 mg/kg /day regimen of colistin, with variable levels of dose-dependent
adverse effects [28]. In Saudi Arabia, the commonly prescribed intravenous co-

listin doses are between 125,000 IU - 2,500,000 IU per day, which comprises only
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2.8% - 41.7% compared to its proposed optimal dose [13] [29]. Furthermore, the
majority of patients were prescribed without an initial loading dose and such
practice may not provide adequate early therapy and effective killing [30]. Both
sub-optimal dosing and delayed killing practiced have been hypothesized as a
part underlying the rising in the number of colistin-resistant bacteria in Saudi
Arabia [17] [31]. In support, many worldwide clinical centers have recently con-
sidered the foresaid colistin-dosage regimen is sub-optimal, particularly during
treatment of carbapenem-resistant Gram-negative bacteria, and they have
changed their colistin dosing practice by using a high loading dose in an attempt
to optimize its bactericidal efficacy [11] [32] [33]. Nevertheless, application of
this modified dosage approach was reported to be associated with high rate of
nephrotoxicity in Saudi patients for unknown reason [34]. In addition to that,
the introduction of Therapeutic Drug Monitoring (TDM) has shown an im-
provement in clinical practice of colistin therapy to achieve and maintain its
standard average steady-state plasma concentration of 2 mg/L [26]. Such
benchmark shall standardize colistin dosing across countries at maximum clini-
cal benefits and minimal toxicity. However, routine utilization TDM during co-

listin therapy is not yet established well in Saudi Arabia [34].

4. Conclusion

Like the situation all over the world, colistin has recently been re-clinically used
in the Kingdom of Saudi Arabia as last-resort antibiotic to treat and combat se-
rious infections caused by MDR Gram-negative bacteria. However, the emer-
gence of both transferable and intrinsic colistin-resistant bacterial strains is also
becoming an important issue. Therefore, colistin resistance control measures,
isolation, and characterization of patients infected with colistin-resistant bacteria
are an absolute demand. Strict infection control practices are important in Saudi
Arabia and other developing countries to repress and hinder the spread of colis-
tin resistance. Any new cases of colistin-resistant bacteria should punctually

draw the attention of the infection control sponsors, committees and teams.
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