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ABSTRACT

Background: Currently, a final-resort therapy for MDR Klebsiella pneumoniae and
Escherichia coli is the antibiotic colistin (polymyxin E). Plasmid-mediated colistin-
resistance genes (mcr-9, mcr-8, mcr-5, mcr-3, mcr-2 and mcr-1) is one of the
mechanisms by which these bacteria resist colistin. The aim of the study is to evaluate
the presence of these genes in isolates of Klebsiella pneumoniae and Escherichia coli
that are phenotypically colistin-resistant in a number of hospitals in Khartoum State.
Materials and Methods: One hundred eighty-five bacterial strains (gram-negative rods)
were identified from clinical specimens of male and female hospitalized patients.
Various patients’ urine, wounds, tissues, and blood samples were obtained. Isolates
were identified using conventional methods of identification. Antimicrobial susceptibility
testing for colistin was conducted using the disc diffusion method. Colistin-resistant
K. pneumoniae and E. coli isolates were isolated and conventional PCR was employed
to identify plasmid-mediated mcr-9, mcr-8, mcr-5, mcr-3, mcr-2 and mcr-1genes. The
Chi-square test was administered, and p-values of 0.05 were deemed statistically
significant. Results: The disc diffusion method revealed that around 35 (18%) of 185
isolates were resistant to colistin. 21 (60%) of the 35 colistin-resistant isolates were
E. coli, and 14 (40%) were K. pneumoniae. All 35 colistin-resistant isolates and 13
colistin-susceptible isolates were examined for colistin-resistant genes. In 21 of 48
tested isolates, colistin-resistant genes were found. 14 (66%) of 21 isolates were
resistant according to both the disc diffusion and PCR tests. There were determined to
be mer-3, mer-2, and mcr-1 gene. mer-1 accounted for 18 (85%), 5% mcr-1 combined
with mer-2 , 5% mecer-2 , and 5% mcr-2 in combination with mer-3. Conclusion: The
frequency of colistin-resistant E. coli and K. pneumoniae in Sudanese hospitals was
found to be worrisome, thereby reducing the range of available treatment alternatives.
The emergence of the colistin-resistant genes mcr-2 and mcr-1 in some Sudanese
hospitals is caused by plasmids, and this is a problem for hospitals because horizontal
transfer of this plasmid could cause the resistance to spread to many isolates there.
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INTRODUCTION

Antibiotics have saved millions of lives from deadly
bacterial infections and relieved human pain and suffering
for decades since their discovery in the 1950s. On the
other hand, scientists neglected the fact that bacteria
have great metabolic ability and have lasted millions of
years in our changing world."! Self-medication, genetic
variations, or bacterial mutations often cause resistance
in bacterial pathogens.” Additionally, modifications
to bacteria’s antibiotic targets, changes in membrane
permeability, and the passing of resistant genes to
succeeding generations all contribute to antibiotic
resistance.” A recent worldwide issue for health systems
was the emergence of the multidrug-resistant (MDR)
phenotype as a result of the overuse of antibiotics in the
treatment of human and animal illnesses. The medication
of choice for treating these infections is carbapenems.
However, due to the rising prevalence of carbapenem
resistance worldwide, colistin or other similar drugs are
one of the few treatments available for life-threatening
infections brought on by MDR bactetia (polymyxin-E).>

Most studies reported that resistance to carbapenems is
rising, and because tigecycline has not been approved
in many nations, colistin is often the sole antibiotic
that is effective against multidrug-resistant organisms.*
Increasing usage of colistin to control MDR-gram-
negative pathogens has resulted in the establishment of
resistance of colistin in Kiebsiella pnenmoniae in a number
of countries throughout the globe, including Europe, and
colistin resistance rates continue to rise.” Recent strategies
for combining colistin with other antibiotics offer
promise for enhancing its antibacterial activity. Colistin
is probably going to be the “last-resort” treatment for
Gram-negative infections that are resistant to multiple
drugs in the 21% century.’

Patients who have been exposed to highly resistant
bacteria such as Klebsiella pneumoniae carbapenemase
(KPC-2) and New Delhi Metallo beta-lactamase are
treated with colistin (NDM-1).” The Enterobactetiaceae’s
colistin resistance may result through the mechanisms
of bacterial chromosome and plasmid-borne mobile
colistin-resistant genes, appreciated as er.® A few more
mer genes, including wer-9, mer-8, mer-5, mer-3, and mer-2,
have been reported since the discovery of the first mer
gene (mer-1), in 2016.71

This is a worrying situation that requires an urgent
solution to the global problem of antibiotic vulnerability
to bacteria, particularly Colistin. Acinetobacter spp.,
along with other pathogens like Streptococcus pneumoniae,
Salmonella spp., Klebsiella pnenmoniae, Staphylococcus anreus,
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and Escherichia coli, have remarkable levels of multi-drug
resistance (MDR) worldwide, according to a recent
study by the WHO. World Health Organization’s Global
antimicrobial resistance surveillance programme.'
Regretfully, dose-increasing is not recommended as
antibiotics having a risk for toxicity should only be
provided and examined by clinical pharmacists if the
infectious condition is life-threatening and there is no
alternative therapeutic option."” The current study aimed
to evaluate the presence of wr-9, mer-8, mer-5, mer-3, mer-2
and zer-1 genes in colistin-resistant and some susceptible
E. coli, and K. pnenmoniae from clinical isolates in some
Hospitals of Khartoum State.

MATERIALS AND METHODS
Collection and Identification of bacterial isolates

One hundred eighty-five aerobic gram-negative rods were
isolated from different clinical specimens, including pus
swab, urine, blood, and tissue, at Soba University Hospital,
Omdurman Military Hospital, Al-Aml National Hospital,
and the microbiology laboratory of the University
of Khartoum-Faculty Sudan’s of Medical Laboratory
Science. Bacterial strains were identified, sub-cultured on
MacConkey agar for purity and then standard biochemical
assays such as the oxidase test, indole, citrate, urease,
Kligler's iron agar, and motility were used to determine
the purity of the isolates.'"

Antimicrobial susceptibility test for colistin

Using the Kirby-Bauer disc diffusion method as
suggested by CLSL* A pure saline solution of isolated
colonies with a turbidity of 0.5 McFarland standard was
used to inoculate Muller-Hinton agar medium. After 18 hr
of incubation at 37°C, the antibiotic disc colistin 10.0 mcg
was placed on the agar surface. Results were explained by
measuring the diameter of the zone of inhibition around
each of the loaded discs. The E. co/i (ATCC® 25922) strain
served as the control strain.

DNA extraction and PCR amplification

PCR was conducted utilizing spastic primers for zer-9,
mer-8, mer-5, mer-3, mer-2 and mer-1 in a PCR equipment
(Prime Technee, England), 0.5 pLL of each of the
twelve primers solutions (10 uM), DNA lysate
(5 uL)), and nuclease-free water (5.5 pL)) were added. One
cycle of denaturation at 94°C for 15 min was followed by
twenty-five cycles of denaturation of DNA (at 94°C for
30 sec), annealing for 90 sec at 58°C, and elongation at
72°C for 60 sec, with a final elongation cycle at 72°C for
10 min. The amplification was seen by gel-electrophoresis
on 1.5% agarose gel (at 130 Volts), followed by ethidium-
bromide staining,*"*
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Ethical consideration

The Ethical Review Committee (ERC) of the National
University biomedical research institution, Khartoum
State, Sudan, gave its approval to the project.

Statistical analysis

Statistical package was used for data monitoring and
control so that the analysis and interpretation of
descriptive data could be done with enough accuracy.
The data for this study were analyzed with “IBM SPSS
Statistics” (version number: 22; Chicago, Illinois, USA).

RESULTS

As shown from Table 1, the investigation revealed
that, Among the 185 isolates, 61 (33%) of them were
K. pnenmoniae and 124 (67%) of them were E. co/i. A urine
sample yielded 102 pathogens, 73 pathogens from swabs,
9 pathogens from blood, and 1 pathogen from tissue.
Only 35 (or 18%) of the 185 isolates were resistant to
colistin. Of the 35 isolates that were resistant to colistin,
14 (40%) were K. pnenmoniae and 21 (60%) were E. coli.
Colistin-resistance genes were examined in all 35 colistin-
resistant isolates as well as 13 colistin-susceptible isolates.
Genes for colistin resistance were found in 21 of the 48
examined isolates.

Table 2 represented the results of biochemical tests
carried out on order to identify E. co/i and K. pnenmoniae

Table 1: Frequency of isolated E. coli and
K. pneumoniae among gram-negative rods, distribu-

tion of clinical specimen and percentage of isolates
resistant to colistin.

Category Result Frequency (n) Percentage (%)
Bacteria K. p. 61.0 33.0
E.c. 124.0 67.0
Specimen Urine 102.0 55.1
Swab 73.0 39.5
Blood 9.0 4.9
Tissues 1.0 0.5
Colistin-resistant K. p. 14.0 40.0
E.c. 21.0 60.0

%: Percentage, n: number, K.p. : Klebsiella pneumoniae , E.c.: Escherichia coli

form the collected samples. Table 3 shows the Sequences
of primers used for detection of #er genes. The results
of the multiplex PCR assay revealed that out of 21,
only 14 (66%) were resistant to disc diffusion and PCR.
We discovered the mer-1, mer-2, and mer-3 genes mer-1
represented 18 (85%), zer-1 and mer-2 combined (5%),
mer-2 alone (5%), and mer-2 alone and mer-3 mixed (5%).

DISCUSSION

Colistin is employed as a “last-line” medication to
treat bacterial pathogens brought on by MDR gram-
negative germs. The expansion of the colistin resistance
genes zcr-9, mer-8, mer-5, mer-3, mer-2 and mer-1 genes
throughout the Enterobacteriaceae presents a serious danger
to world health. Worldwide reports on the frequency of
hospital acquired illnesses caused by K. preumoniae and
E. coliwere made. In total, 124 E. co/i and 61 K. pneumoniae
were isolated from Sudanese hospitals in the present
investigation. The development of antibiotic-resistant
germs and the spread of drug-resistant strains among
these organisms have become critical global public
health concerns. The detection and treatment of such
infections has substantial consequences for patient
health. A previous study showed that the gene in charge
of particular colistin resistance has been identified as the
mobilized colistin resistance (¢r) gene. In fact, the issue
is becoming worse and worse every day despite the fact
that several studies have shown there is a wide variety in
the occurrence of that gene, not only for the mer-genes
major group but also related to its numerous subgroups.®

From several clinical specimens isolated by multiplex
PCR, the study explored the frequency of wer-9, mer-6,
mer-5, mer-3, mer-2 and mer-1 genes that are responsible
for colistin resistance. Compared to previously published
data,* which used multiplex PCR to determine the
presence of the mer-genes (mer-1 to mer-5), which
responsible for colistin resistance. Compared to our
investigation, there were 185 isolates found in the present
investigation. K. pnemoniae came in second at 33% (61%),
with E. co/i coming in first at 67% (124). Of them, 35 were
discovered to be colistin resistant. Multiplex PCR revealed
that some mer-genes (mer-1, mer-2, and mer-3 genes) were

Table 2: Result of biochemical Reactions of the isolates E. coli and K. pneumoniae.

@ > )
e 7] ] (] 1.
Identified Lactose Ty =w ® Y - B 4 KIA .
. : =g 8 52 S8 88 ARRSHUS
organisms fermentation % + O + 3 - c - =]
o = = = 2G 3L “H,S *Gas
E. coli LF -ve +ve -ve +ve -ve +ve +ve -ve +ve 1
K. pneumoniae LF -ve -ve +ve -ve +ve +ve +ve -ve +ve 2

LF: Lactose ferment; G: Glucose; L: Lactose; H S: Hydrogen Sulfide.
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Table 3: Sequences of primers used for detection of
mcr genes multiplex PCR assay.

Target Primers sequence (5—3) Size
gene (bp)
mcr-1 fw AGTCCGTTTGTTCTTGTGGC 320
mcr-1 rev AGATCCTTGGTCTCGGCTTG
mcr-2 fw CAAGTGTGTTGGTCGCAGTT 700
mcr-2 rev TCTAGCCCGACAAGCATACC
mcr-3 fw AAATAAAAATTGTTCCGCTTATG 900
mcr-3 rev AATGGAGATCCCCGTTTTT
mcr-5 fw ATGCGGTTGTCTGCATTTATC 1,644
mcr-5 rev TCATTGTGGTTGTCCTTTTCTG
mcr-8 fw  CCCAAGCTTTTGATTGTCCCTGTCGCCAT 2631
mcr-8 rev. CACCGATAAGAGGAACCAGTGAATTCCGG
mcr-9 fw TTCCCTTTGTTCTGGTTG 1011
mcr-9 rev GCAGGTAATAAGTCGGTC

found in 44% (21) isolates, 95% (20) E. co/z, and 5% (1)
K. pnenmoniae. mcr-1 (85%), mer-1 and mer-2 combined
(5%), mer-2 alone (5%), and mer-2 alone and mer-3
combined (5%). This outcome is higher than that of
previous articles, which found the me-1 gene in some
clinical isolates of bacteria belongs to Enterobacteriaceae. ™
Additionally, our outputs showed that the mer-1 gene is
more common (85%) than the mcr-3 and mcr-2 genes.
Moreover, mer-1 was shown to be most prevalent in
E. coli. This result is higher than a previously reported
finding.”” Only one isolate, K. pneunoniae, displayed met-3,
and it combined with #r-2. Similar to a study conducted
by another researcher, mct-5, zer-8, and mer-9 were not
discovered using multiplex PCR in this investigation.”®
Seven of the 21 isolates in this investigation with positive
mer-3, mer-2, and mer-1 gene results were colistin sensitive
(33%), which was consistent with a previous study that
reported that the percentage was 25%.%

Our study’s finding of a colistin-susceptible/mect-1-
positive isolate suggests that this gene may widely spread.
The high frequency of mer-genes seen in this study
necessitated relation to hospital policies on the choice
of antibiotic treatment and empirical use of antibiotics.
For the purpose of choosing an antibiotic medication for
an illness caused by a multidrug-resistant strain, routine
molecular method identification of resistance genes has
become very crucial.

Finally, the current study supports repeated calls
from previous researchers that urgent international
development of fast and inexpensive tests to detect
colistin-resistant genes is badly needed. In order to
further prevent the spread of colistin-resistant and mect-
producing bacteria, regular monitoring of hospitals, farms,

foods, and the environment should be carried out.?’%?

a4

CONCLUSION

The emergence and horizontal spread of colistin
resistance spotlights the need for increased stewardship
actions for this final-resort antibiotic as well as for all
antibiotics being used in humans to prevent serious
outbreaks in developing communities that are already
struggling with poverty and shaky healthcare systems.
The current study is a clear example of this tragedy.
We suggest using a combination of different antibiotic
medications with other agents to produce synergistic
interactions until new antibiotics against mer-positive
bacteria are developed or recommended.
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ABBREVIATIONS

ATCC: American Type Culture Collection; mcr:
Mobilized Colistin Resistance; E. coli: Escherechia coli;
K. pneumoniae: Klebsiella pnenmoniae; PCR: Polymerase
Chain Reaction; CLSI: Clinical Laboratory Standard
Institute; PEA: Phospho Ethanol Amine; MDR: Multi
Drug Resistant.

SUMMARY

Antibiotic resistance rates are rising as a result of the
extensive use of antibiotics in people. Bacterial infections
that could formerly be treated now need to be treated
with medicines that are the last resort. Colistin is often
used as a last-resort antibiotic for gram-negative bacterial
infections that are resistant to carbapenem. This paper
discusses evidence indicating a changing pattern of
colistin resistance in several hospitals in Khartoum,
the capital of Sudan and the targeted bacteria were
Klebsiella pnenmoniae and Escherichia coli. As a result, 18%
of 185 isolates were resistant to colistin. 60% of the
35 colistin-resistant isolates were E. co/z, and 40% were
K. pnenmoniae, and carrying multiple mer genes. The
national and international community should take
immediate action to address the increasing incidence of
colistin-resistant germs.
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