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ABSTRACT

Background: Colistin is the last treatment option for infections caused by carbapenem
resistant Gram-negative bacilli (CRGNB). The increasing spread of chromosomally
encoded and plasmid-mediated colistin resistance made colistin susceptibility
assessment a necessity. Objectives: Assessment of colistin susceptibility in CRGNB by
broth micro dilution method (BMD), as the standard method and colistin broth disk
elution method (CBDE), as a substitute procedure with genotypic determination of
plasmid mediated colistin resistance (mcr) genes. Methodology: CRGNB were collected
and identified by conventional methods. Testing carbapenemase production by modified
Carbapenem Inactivation Method (mCIM) and colistin susceptibility (by BMD and
CBDE) were done and results were interpreted regarding CLSI (2022) guidelines
followed by genotypic detection of mcr-1, -2, -3, -4, and -5 genes by multiplex PCR.
Results: 155 out of 308 GNB (50.3%) were carbapenem resistant. Among them, 129
(83.2%) isolates were carbapenemase positive by mCIM. Colistin susceptibility testing
by BMD revealed 43 out of 155 CRGNB isolates (27.7%) were colistin resistant.
Sensitivity, specificity, PPV, NPV and accuracy of CBDE were 99.09%, 93.33%, 97.32%
97.67%, 97.42% respectively with almost perfect agreement with BMD. By PCR, only 3
CRGNB isolates (6.98%) carried mcr-1 while other mcr genes were not detected at all.
Conclusion: Colistin resistance rate among CRGNB is concerning, causing serious and
even deadly infections so prospective surveillance is essential. Broth disk elusion method

is a simple, non-expensive reliable option to test colistin susceptibility.

INTRODUCTION

Antimicrobial  resistance (AMR) remains a
formidable and alarming public health threat worldwide.
It causes high morbidity and mortality *. The capability
of Gram-negative microbes to acquire mobile genetic
elements including carbapenemase genes can confer
augmented resistance limiting treatment options. These
pathogens are included in both types of human
infections, hospital and community with frequently
express resistance to most antibiotics classes 2. Thus, the
determination of carbapenemase-producing organisms is
paramount for treatment decisions beside infection
control 3.

The polymyxins including colistin are considered
the last choice of antibiotics for treatment of infections
with carbapenem resistant Gram-negative bacilli
(CRGNB). Colistin interacts with the bacterial outer
membrane by removing divalent cations from the
negatively-charged phosphate groups of the Lipid A
leading to cell lysis *. Colistin is very effective against
most Enterobacterales and non-fermenting Gram-
negative pathogens such as Pseudomonas aeruginosa
and Acinetobacter baumannii. On the contrary, colistin
is inactive against Gram-negative cocci, anaerobic and
Gram-positive bacteria. Also, Some Enterobacterales
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such as Proteus mirabilis, Morganella morganii,
Serratia marcescens, and Burkholderia spp have
colistin intrinsic resistance as a result of genes'
constitutive expression (i.e. eptB) which leads to
lipopolysaccharide (LPS) modification °.

Bacteria have gained several mechanisms to protect
themselves against colistin. The main mechanism is
LPS modification through acquiring genes like mobile
colistin resistance (mcr) and PhoPQ and PmrAB genes
and its regulators genes (i.e. mgrB) °. In addition,
bacteria can inactivate the biosynthesis of lipid A genes
(IpxA, IpxC and IpxD) then, LPS will be completely lost.
Other mechanisms of colistin resistance include efflux-
pump  systems  overexpression and  capsular
polysaccharide overproduction °.

Recently, worldwide hospital outbreaks have
occurred due to colistin-resistant strains. Acquired
colistin resistance is based mainly on diverse
chromosomal mutations, but the excessive usage of
colistin in both veterinary and human health sectors has
promoted development and spread of the plasmid-
encoded mobile colistin resistance (mcr) genes (mcr-1
to mer-10) with several variants .

Assessing colistin susceptibility remains a challenge.
Large colistin molecular size in addition to its cationic
nature resulting in poor colistin disk diffusion and
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therefore, disk diffusion method was not recommended
& Broth micro dilution (BMD) was recommended as the
standard procedure. This standard technique is quite
laborious, time-consuming, difficult to interpret,
susceptible to mistakes, not suitable for most
laboratories®®.  Currently, agar dilution and colistin
broth disk elution (CBDE) are acceptable methods *°.
This study aimed to assess colistin susceptibility
pattern among CRGNB by broth micro dilution method
(BMD), as the standard method and colistin broth disk
elution method (CBDE), as a substitute procedure with
genotypic detection of plasmid mediated colistin
resistance mcr genes (mcr-1, -2, -3, -4, and -5 genes).

METHODOLOGY

Study design and patients:

This comparative, cross-sectional study was
conducted at Medical Microbiology Department and
Molecular Unit, Central Laboratory, Faculty of
Medicine, Menoufia University, during the period from
November 2020 to March 2022. Clinical isolates (h=155
CRGNB) were obtained from Menoufia University
Hospitals admitted patients (n= 674). Written informed
consents were obtained from those patients and from the
guardians of unaware patients upon sample collection.
The study has been approved by the ethical committee,
Faculty of Medicine, Menoufia University. Calculation
of sample size was done using open Epi program with
power of study 80% and confidence level 95%.
Inclusion criteria

¢ Both genders (male and female).
e All age groups
o Patients showing signs of sepsis or pyogenic
infections
e Carbapenem resistant GNB.
Exclusion criteria:
e Patients refusing participation.
¢ Patients showed good response to antibiotic
therapy.
e Culture did not meet the criteria of infection
e Pathogens having colistin intrinsic resistance e.g.
Proteus, Serratia and Morganella
Specimens:

Different microbial specimens were collected under
aseptic conditions on clinical suspicion of infection
according to standard definitions. Specimens included
respiratory specimens, urine, blood, pus and wound
swab specimens. Then specimens transported in suitable
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transport media (when needed) to be processed in the
Microbiology Laboratory.
Bacterial identification and testing for antibiotic
susceptibility

Collected specimens were cultured on nutrient
agar, blood agar, and MacConkey agar plates (Oxoid,
UK) then incubated aerobically at 37°C for 24 hours.
Followed by identification of obtained colonies up to
species level via conventional techniques *2. Testing
for Antimicrobial susceptibility was done using disk
diffusion method against different antimicrobial agents
(Oxoid, Basingstoke, UK) as recommended by Clinical
Laboratory Standard Institute (CLSI) ™. Escherichia
coli ATCC 25922 had been used as standard quality
control strain. Isolated Gram negative bacilli were
further preserved on tryptic soy broth with 16% glycerol
and frozen at -80°C
Phenotypic detection of carbapenem resistance and
carbapenemase production

Isolated Gram negative pathogens showing
resistance to at least one of four carbapenems
(imipenem, meropenem, doripenem and ertapenem)
were further phenotypically screened for carbapenemase
production by modified carbapenem inactivation
method (MmCIM) and EDTA-modified carbapenem
inactivation method (eCIM) *.

Phenotypic detection of colistin resistance:

Colistin minimum inhibitory concentration (MIC)
for all CRGNB was determined by BMD method and
CBDE methods. Regarding CLSI recommendations,
Colistin MIC of < 2 pug /mL was considered
intermediate, whereas MIC of > 4 pg /mL was
considered resistant .

Genotypic detection of colistin resistance mcr genes:

The isolate that exhibited colistin MIC value > 4 pug
/mL was further investigated for the existence of mcr-1,
-2, -3, -4, and -5 genes. Bacterial DNA extraction and
purification was performed using QlAamp DNA Mini
Kit (Qiagen, Germany, cat. no. 51306). The used
primers are listed in table 1. The amplification cycle
was: 15 min at 94°C, followed by 25 cycles of 30 s at
94°C, 90s at 58 °C, 1 min at 72°C, and a final extension
time of 10 min at 72°C. Electrophoresis was done with
gel 2% for 20 minutes then the products were visualized
by UV and compared with DNA ladder **.

Statistical analysis:

Data coding, validation and analysis were conducted
by the Statistical Package for the Social Sciences
(SPSS), version 22 (SPSS Inc., Chicago, IL, USA).
Frequencies and proportions were used to present the
data.
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Table 1: Primers sequences used for mcr gene detection

Target _ N Melting Pro_duct
gene GenBank Primers and conditions temperature size Reference
-Tm (°C) (bp)
F5’-AGTCCGTTTGTTCTTGTGGC-3’ 15
mcr-1 KP347127 R 5°-AGATCCTTGGTCTCGGCTTG-3’ 58 320
F 5°-CAAGTGTGTTGGTCGCAGTT-3’ 15
mcr-2 LT598652 R 5>-TCTAGCCCGACAAGCATACC-3’ 58 715
mcr-3 F5’-AAATAAAAATTGTTCCGCTTATG-3’ 929 15
KY924928 R 5°-AATGGAGATCCCCGTTTTT-3’ 58
mcr-4 F 5>-TCACTTTCATCACTGCGTTG-3' 1116 15
MF543359 R 5-TTGGTCCATGACTACCAATG-3’ 58
mcr-5 F 5-ATGCGGTTGTCTGCATTTATC-3’ 1644 15
KY807921 | R5-TCATTGTGGTTGTCCTTTTCTG-3’ 58
RESULTS Susceptibility testing revealed 155 carbapenem

Overall, 308 no duplicate clinical GNB pathogens
were isolated, including 114 E. coli (37%), 96
Klebsiella spp (31.2%), 42 Pseudomonas aeruginosa
(13.6 %), 23 Acinetobacter spp (7.5%), 20 Enterobacter
spp (6.5%) and 13 Citrobacter spp (4.2 %) retrieved
from 187 male (60.7%) and 121 female (39.3%) patients
from all age groups (mean =44+27 years) admitted to
different Departments of Menoufia University Hospitals
from November 2020 to March 2022.

resistant isolates out of 308 GNB (50.3%). The most
frequent carbapenem resistant pathogen was Klebsiella
spp (56/155, 36.1%) followed by Escherichia coli
(51/155, 32.9%), Pseudomonas aeruginosa (20/155,
12.9%), Acinetobacter spp  (13/155, 8.4%),
Enterobacter spp (9/155, 5.8%) and Citrobacter spp
(6/155, 3.9%). The sources of carbapenem resistant
isolates were urine (38.1%), respiratory samples
(29.7%), blood (21.3%), pus and wound swabs (10.9%).
Intensive Care Units were the main source of these
samples (50.32%), followed by surgical departments
(18.71%), nursery (14.84%), medical departments
(9.03%) and burn unit (7.1%) as illustrated in figure 1.
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Fig. 1: Source of carbapenem resistant isolates. (A) Clinical specimens; (B) Departments
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The highest antimicrobial susceptibility pattern
among CRGNB isolates was to colistin (72.3%),
followed by ceftazidime- avibactam (67.7%), and
tigecycline (63.2%). While the highest antimicrobial
resistance was observed against ampicillin and
aztreonam (100% for each), followed by ampicillin-
sulbactam, amoxicillin-clavulanate (98% for each),
cefuroxime (96.8%), ceftriaxone (95.5%), cefotaxime,
ceftazidime (94.9%), cefepime (87%), ciprofloxacin

(86.5%), piperacillin-tazobactam (84.5%), gentamicin
(82.6%), levofloxacin  (81.3%),  trimethoprim-
sulfamethoxazole (76.2%) and amikacin (73.5%).

In this study, carbapenemase production was the main
carbapenem resistance mechanism. As we detected 129
out 155 CRGNB isolates (83.2%) were carbapenemase
positive by mCIM among them 85 isolates (65.9%)
were metallo-f lactamase producers by eCIM (figure 2).

Fig. 2: henotyic detection of carbapenemase production. (A) Modified Carbapenem Inactivation Method (mCIM);
(B) enhanced Carbapenem Inactivation Method (eCIM)

Regarding colistin MIC by BMD, CRGNB isolates
demonstrated the maximum colistin MIC at 2pg/mL
(31.6%), followed by 1 pg/mL (27.1%), <0.5 pg/mL
(13.6%), 8ug/mL (11.6%), 4 pg/mL (8.4%) and >16
ug/mL (7.7%). While, carbapenem susceptible GNB
isolates demonstrated the maximum colistin MIC at
<0.5 pg/mL (54.2%) followed by 1 pg/mL (25.5%),
2ug/mL (14.4%), 4 ng/mL (3.3%), 8 pg/mL (01.95%)
and >16 ug/mL (0.65%) as illustrated in figure 3 and

table 2. There was a high statistically significant
difference (p >0.001) between carbapenem susceptible
and carbapenem resistant GNB isolates regarding
colistin ~ susceptibility. As 43/155 (27.7%) of
carbapenem resistant GNB isolates were colistin
resistant. While, only 9/153 (5.9%) of carbapenem
susceptible GNB isolates were colistin resistant as
illustrated in table 3.

60.00% | 54.70%
50.00%
40.00%
31.60%

30.00% 25.5 27.10%
20.00% 509 14.4

- 11.60%

8.40%
10.009 7.70%
3.3 295
0.00%
<0.5 pg/mL 1 pg/mL 2 pg/mL 4 pg/mL gug/mL 216 pg/mL
m Carbapenem Susceptible m Carbapenem Resistant

Figure 3: Colistin MICs by BMD among studied GNB isolates
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Table 2: Distributions of colistin MICs determined by BMD among studied GNB isolates

Carbapenem Colistin MIC by BMD
Pathogen susceptibility Colistin susceptible Colistin resistant
<0.5 pg/mL 1 pg/mL 2 pg/mL 4 ng/mL 8 pg/mL >16 pg/mL
E. coli S (n=63) 39(62%) 17(27%) 5(7.9%) 2(3.1%) 0(0%) 0(0%)
(n=114) R (n=51) 7(13.7%) 21(41.2%) | 10(19.6%) | 5(9.8%) | 6(11.8%) 2(3.9%)
Klebsiella spp S (n=40) 21(52.5%) 9(22.5%) 7(17.5%) 3(7.5%) 0(0%) 0(0%)
(n=96) R (n=56) 2(3.6%) 18(32.1%) | 19(33.9%) | 6(10.7%) | 8(14.3%) 3(5.4%)
Pseudomonas S (n=22) 13(59.1%) 7(31.8%) 1(4.55%) 0(0%) 1(4.55%) 0(0%)
aeruginosa R (n=20) 7(35%) 3(15%) 4(20%) 1(5%0) 3(15%) 2(10%)
(n=42)
Acinetobacter spp S (n=10) 4(40%) 3(30%) 2(20%) (0%0) 1(10%) 0(0%)
(n=23) R (n=13) 3(23.1%) 1(7.7%) 5(38.4%) 1(7.7%) 0(0%) 3(23.1%)
Enterobacter spp S (n=11) 5(45.4%) 1(9.1%) 3(27.3%) 0(0%) 1(25%) 1(9.1%)
(n=20) R (n=9) 1(11.11%) 3(33.33%) 2(22.22%) 00% 1(11.11%) | 2(22.22%)
Citrobacter spp S (n=7) 1(14.3%) 2(28.6%0) 4(57.1%) 0(0%) 0(0%0) 0(0%)
(n=13) R (n=6) 1(16.7%) 3(50%) 2(33.3%) 0(0%) 0(0%) 0(0%)
Total (n=308) S (n=153) 83(54.2%) 39(25.5%) 22(14.4%) 8(5.2%) 1(0.7%) 0(0%)
R (n=155) 21(13.6%) 49(31.6%) 42(27.1%) 13(8.4%) | 1811.6%) 12(7.7%)
TOTAL (n=308) 104(33.8%0) 88(28.6%0) 64(20.8%6) 18(5.8%) 21(6.8%) 13(4.2%)
Table 3: Relation between colistin and carbapenem susceptibility patterns
Carbapenem susceptibility Colistin susceptibility Chi square P value
Susceptible Resistant
Susceptible (n=153) 144 (94.1%) 9 (5.9%)
Resistant (n=155) 112 (72.3%) 43 (27.7%) 26.22 <0.001
Total (n=308) 256 (83.1%0) 52 (16.9%0)

As colistin resistance was detected in 43 CRGNB
isolates (27.7%) per the reference BMD method, the
majority of isolates were Klebsiella spp (17/43, 39.5%)
followed by Escherichia coli (13/43, 30.2%),
Pseudomonas aeruginosa (6/43, 14%), Acinetobacter
spp (4/43, 9.3%) and Enterobacter spp (3/43, 7%).
While all carbapenem resistant Citrobacter spp isolates
were colistin susceptible.

Considering BMD,
susceptibility  testing

as the standard colistin
method. The sensitivity,

specificity, PPV, NPV and accuracy of CBDE were
99.09%, 93.33%, 97.32% 97.67%, 97.42%
respectively. With almost perfect agreement between
the two methods in detection of colistin susceptibility
(Table 4).

By PCR, mcr-1 gene was detected in 3 out of 43
colistin-resistant CRGNB isolates (6.98%). The three
isolates were E. coli. While mcr-2, -3, -4, and -5 were
not detected at all in any of our tested isolates.

Table 4: Performance features of CBDE in relation to BMD

Colistin susceptibility by BMD
Colistin susceptibility by Susceptible (n=110) Resistant (n=45) Total (n=155)
CBDE No (%) No (%) No (%)
Susceptible 109 (99.1%) 3 (6.7%) 112 (72.3%)
Resistant 1 (0.9%) 42 (93.3%) 43 (27.7%)
Total 110 45 155
Kappa 0.93*
Sensitivity 99.09%
Specificity 93.33%
PPV 97.32%
NPV 97.67%
Accuracy 97.42%

* Kappa between 0.81 and 1.00: almost perfect agreement
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DISCUSSION

Infections with CRGNB are increasing globally,
limiting the available therapeutic options for their
treatment. Colistin is recommended as one of the last-
resorts to treat these infections. Therefore, it is crucial to
monitor its susceptibility **

In this study, 155 out of 308 GNB isolates (50.3%)
were carbapenem resistant. Klebsiella spp were the most
frequent CRGNB isolates (36.1%) followed by
Escherichia coli (32.9%), Pseudomonas aeruginosa
(12.9%), Acinetobacter spp (8.4%), Enterobacter spp
(5.8%) and Citrobacter spp (3.9%). Matching with
carbapenem resistance rates (54.5% and 55.8%) in
previous studies *"* On the contrary, lower rates (18.5%
and 23.1%) were reported in other studies *°. K.
pneumonia was the most common isolated CRGNB in
some studies *#* but E.coli was the commonest (56.5%
and 50%) in others *" %,

In our study, sources of CRGNB isolates were urine
(38.1%), followed by respiratory samples (29.7%),
blood (21.3%), and pus and wound swabs (10.9%).
Intensive Care Units were the main source of these
samples (50.32%), followed by surgical departments
(18.71%), nursery (14.84%), medical departments (9.03
%) and burn unit (7.1%). Kra et al*’ reported the same
observations. While, Saed et al mentioned that tracheal
aspirate was the main source of CRGNB isolates %.

Carbapenem resistant Enterobacteriaceae (CRE)
comprise both carbapenemase producing (CP-CRE)
which produce carbapenemase enzymes hydrolyzing
carbapenem and non-carbapenemase producing CRE
(non-CP-CRE) strains that have other causes like drug
efflux pumps and outer membrane protein structural
mutations resulting in drug impermeability “* . In this
research, 129 of CRGNB isolates (83.2%) were
carbapenemase positive by mCIM, among them 85
isolates (65.9%) were metallo-p lactamase producers.
This finding goes in line with results of Laolerd et al*,
Khattab et al * and Qadri et al ® which observed that
carbapenemase production was the main carbapenem
resistance mechanism with 77.7%, 75.6% and 67.3%
carbapenemase production rates respectively. But
decreased rate (18.5%) was detected by Kandeel %.
While, Ngbede et al observed that none of their isolated
carbapenem resistant organisms was carbapenemase
producer nor harbor any known carbapenemase
producing genes 2.

Regarding colistin MIC by BMD, our findings
revealed that 5.7% of carbapenem susceptible and
27.7% of CRGNB isolates were non susceptible to
colistin  with a high statistically significant
difference (p <0.001). Approximately similar colistin
susceptibility pattern was detected *’. However higher
rates (64.8% and 53%) were detected in France %’ and in
Egypt ° respectively, lower rates (16.4% and 2.79 %)
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were reported in previous Egyptian studies *?. The
difference in colistin resistance prevalence rate in
previous studies resulting from the diversity in
geographical regions, study populations, studied cases
numbers, the patients’ general condition, type of
collected samples, adherence to the infection control
procedures, implementation of antibiotic stewardship
programs and used antibiotic.

In our research, the most common colistin resistant
CRGNB isolate was Klebsiella spp (39.5%). Similar
finding was reported 2 %, But, Enterobacter was the
commonest colistin-resistant strain in Prim et al study. *
_ Our findings revealed that, sensitivity, specificity,
PPV, NPV and accuracy of CBDE were 99.09%,
93.33%, 97.32% 97.67% and 97.42% respectively with
almost perfect agreement in correlation to BMD.
Matching with F’oldes et al who reported that
sensitivity, specificity, PPV, NPV and accuracy of
CBDE were 100% (for each) with total agreement
correlated to BMD 2. Colistin broth disk elusion method
is an alternative simple, easy, non-expensive reliable
option for assessing colistin sensitivity.

Among colistin-resistant isolates (n=43), we found
mcr-1 gene in only 3 (6.98%) E. coli isolates. Similar
mcr-1 prevalence rates (7.5% and 8.1%) were
mentioned in Egypt ° and in Hong Kong * respectively.
Although, lower rate (2.9%) was reported in Egypt
higher rates were reported in North Italy (28.9%) ** and
South Africa (83%) **. A higher existence rate of the
mcr-1 gene in animal origin (33.3%) was reported 3*
Colistin overuse and abuse of in the poultry industry
and agriculture may be the key factor of mcr-1 high
prevalence rate in bacteria isolated from animals and
their products which may be the potential sources of
mcr-1 in human’s origin. Plasmid mediated mcr-2, -3, -
4, and -5 genes were not determined at all in any of our
tested isolates. The same findings were observed by
Ananetal. ®

CONCLUSION

The high colistin resistance prevalence has
highlighted the possibility of losing colistin efficiency
against CRGNB. Prospective surveillance should be
implemented. Colistin broth disk elusion method is a
simple, easy, non-expensive reliable option for testing
colistin susceptibility. Efforts should be made to inhibit
the emergency of CRGNB through the wise use of
antimicrobial agents and strict adherence to infection
control procedures including: implementation of CRE
initial screening policy, patient isolation, initiation of
contact precautions in addition to standard precautions,
strengthening  of  environmental cleaning and
disinfection with monitoring of cleaning performance
through checklist, continuous surveillance,
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implementation of antibiotic stewardship program,
antibiogram and MDRO care bundles.

This manuscript has not been previously published
and is not under consideration in the same or
substantially similar form in any other reviewed media.
I have contributed sufficiently to the project to be
included as author. To the best of my knowledge, no
conflict of interest, financial or others exist. All authors
have participated in the concept and design, analysis,
and interpretation of data, drafting and revising of the
manuscript, and that they have approved the manuscript
as submitted.

Acknowledgments:

Thanks to Departments of Medical Microbiology
and Central Laboratory, Faculty of Medicine, Menoufia
University for their cooperation and continuous support.

REFERENCES

1. World Health Organization (WHO). Antimicrobial
Resistance in the WHO African Region: a
systematic literature review. Brazzaville: WHO
Regional Office for Africa 2021. License: CC BY-
NC-SA 3.0 IGO.

2. F’oldes A, Székely E, Voidazan TS, Dobreanu M.
Comparison of Six Phenotypic Assays with
Reference Methods for Assessing Colistin
Resistance in Clinical Isolates of Carbapenemase-
Producing  Enterobacterales:  Challenges and
Opportunities. Antibiotics 2022; 11(3):377.

3. Lasko HM, Gill MC, Asempa ET, Nicolau PD.
EDTA-modified carbapenem inactivation method
(eCIM) for detecting IMP Metallo-B-lactamase—
producing Pseudomonas aeruginosa: an assessment
of increasing EDTA concentrations. BMC
Microbiology 2020; 20:220 20:220. https://doi.org/
10.1186/ s12866-020-01902-8

4. Khattab MS, EI-Sweify AM, Metwally AL, El-azab
ZS, Hashem AA. Detection of plasmid-mediated
colistin ~ resistance  in  carbapenem-resistant
Escherichia coli and Klebsiella pneumoniae
isolates in Suez Canal University Hospitals.

Microbes and Infectious Diseases 2021; 2(3): 497-
507

5. Torres AD, Seth-Smith MBH, Joosse N, Lang C,
Dubuis O, Inderbinen NM, Vladimira Hinic V, Egli
A. Colistin resistance in Gram-negative bacteria
analyzed by five phenotypic assays and inference of
the wunderlying genomic mechanisms. BMC
Microbiology = 2021; 21:321. https://doi.org/
10.1186/512866-021-02388-8

Egyptian Journal of Medical Microbiology

10.

11.

12.

13.

14.

15.

16.

El-Sayed Ahmed ME, Zhong LL, Shen C, Yang Y,
Doi Y. Colistin and its role in the Era of antibiotic
resistance: an extended review (2000-2019). Emerg
Microbes Infect 2020; 9(1):868-885.

Wang C, Feng Y, Liu L, Wei L, Kang M, Zong Z.
Identification of novel mobile colistin resistance
gene mcr-10. Emerg Microbes Infect 2020; 9:508—
516.

Clinical and Laboratory Standards Institute (CLSI).
Tests for Colistin Resistance for Enterobacterales
and Pseudomonas aeruginosa in CLSI Performance
Standards for Antimicrobial Susceptibility Testing
2022; (32):146-151

Anan MGM, El-Seidi AE, Mostafa SM, Rashed
AL, ElI-Wakil MD. Detection of Plasmid-Mediated
Mobile Colistin Resistance Gene (mcr-1) in
Enterobacterales Isolates from a University
Hospital. Infection and Drug Resistance 2021;(14):
3063-3070

European Committee on Antimicrobial
Susceptibility Testing (EUCAST).
Recommendations for MIC determination of
colistin (polymyxin E) As recommended by the
joint CLSI-EUCAST Polymyxin Breakpoints
Working Group 2016. https://eucast.org/eucast
news.

Tille PM. Bailey and Scott ‘s Diagnostic
Microbiology 2020; 18" edition.

Mladenovié KG, Muruzovi¢ MZ, Zugi¢é PT,
Stefanovic OD, Comi¢ LR. Isolation and
identification ~ of  Enterobacteriaceae = from
traditional Serbian cheese and their physiological
characteristics. J Food Saf 2018; 38(1): e12387.
d0i:10.1111/jfs.1238723.

Clinical and Laboratory Standards Institute (CLSI).
Zone Diameter and MIC Breakpoints for
Enterobacterales, Pseudomonas aeruginosa
Acinetobacter spp in CLSI Performance Standards
for Antimicrobial Susceptibility Testing 2022;
(32):34- 54.

Clinical and Laboratory Standards Institute (CLSI).
Modified Carbapenem Inactivation (mCIM)
Methods for Suspected Carbapenemase Production
in Enterobacterales and Pseudomonas aeruginosa;
in CLSI Performance Standards for Antimicrobial
Susceptibility Testing 2022; (32):132- 143.
European Centre for Disease Prevention and
Control (ECDC). (Laboratory manual for
carbapenem and colistin resistance detection and
characterization for the survey of carbapenem-
and/or colistin resistant Enterobacteriaceae 2019;
(3). www.ecdc.europa.eu

Desai K, Kazi MA, Jbani K. Clinical outcomes and
safety of colistin in treatment of Gram-negative

115

ejmm.journals.ekb.eg info.ejmm22@gmail.com


https://doi.org/%2010.1186/s12866-021-02388-8
https://doi.org/%2010.1186/s12866-021-02388-8
http://www.ecdc.europa.eu/

17.

18.

19.

20.

21.

22.

23.

24.

25.

116

Ajlan et al. / Assessment of Colistin Susceptibility Among Carbapenem-Resistant Clinical Isolates, Volume 31/ No. 3/ July 2022 109-116

infections: a prospective observational study. Egypt
J Crit Care Med 2016; (4): 67-72.

Kar P, Behera B, Mohanty S, Jena J, Mahapatra A.
Detection of Colistin Resistance in Carbapenem
Resistant Enterobacteriaceae by Reference Broth
Micro dilution and Comparative Evaluation of
Three Other Methods. J Lab Physicians
2021;13:263-269

Ngbede OE, Adekanmbi F, PoudelA, Kalalah A,
Kelly P, Yang Y. Concurrent Resistance to
Carbapenem and Colistin Among
Enterobacteriaceae Recovered from Human and
Animal Sources in Nigeria Is Associated with
Multiple Genetic Mechanisms.  Frontiers in
Microbiology 2021; (12)740348. www.frontiersin.
org.

Osama R, Bakeer W, Fadel S, Amin M. Association
of Carbapenem and Colistin Resistance in
Pathogenic Gram-Negative Bacteria. J Pure Appl
Microbiol 2019; 13(2):733-739.

Saeed NK, Alkhawaja S, Azam NFA, Alaradi K,
Al-Biltagi M. Epidemiology of carbapenem-
resistant Enterobacteriaceae in a tertiary care
center in the Kingdom of Bahrain. J Lab Physicians
2019; 11(2):111-117.

Emara M.M., Abd-Elmonsef M.E., Lobna M.A,,
and Elfeky A.A. Study of mcr-1 Gene-Mediated
Colistin-Resistance in Gram-Negative Isolates in
Egypt. Egyptian Journal of Medical 2019; 28 (3): 9-
16. ISSN: 2537-0979.www.ejmm-eg.com info@
ejmm- eg.com

Bir R., Gautam H, Arif N, Chakravarti P, Verma J,
Banerjee S, et al. Analysis of colistin resistance in
carbapenem-resistant Enterobacterales and XDR
Klebsiella pneumoniae. Ther Adv Infectious Dis
2022; (9): 1-15.

Benmahmod A, Said H, lbrahim R. Prevalence and
mechanisms of carbapenem resistance among
Acinetobacter baumannii clinical isolates in Egypt.
Microbial Drug Resistance 2018; 25(4): 480-488.

Laolerd W, Akeda Y, Preeyanon L,
Ratthawongjirakul P, Santanirand P.
Carbapenemase-producing  carbapenem-resistant
Enterobacteriaceae from Bangkok, Thailand, and
their detection by the Carba NP and modified
carbapenem inactivation method tests. Microbial
Drug Resistance 2018; 24(7):1006-1011.

Qadri R, Ahmed S, Kakru D, Bashir G, Fomda B.
Detection of carbapenem resistant
Enterobacteriaecae and the comparison between
phenotypic methods and multiplex PCR. Indian

26.

27.

28.

29.

30.

31.

32.

33.

34.

Journal of Microbiology Research 2019; 6(2):126-
130.

-Kandeel A. Epidemiology of carbapenemase
producing Enterobacteriaceae in a general hospital.
Journal of Microbiology and Infectious Diseases
2015; 5(2): 57-62.

Jayol A., Nordmann P., Lehours P., Poirel L.,
Dubois V. Comparison of methods for detection of
plasmid-mediated and chromosomally encoded
colistin resistance in Enterobacteriaceae. Clin
Microbiol Infect 2018; 24(2):175-179. doi:10.1016/
j.cmi. 2017. 06.002.

El-Sokkary H.R. and Gebriel M.  Colistin
Susceptibility and the Effect of Colistin-
sulfadiazine Combination among Multidrug

Resistant E. coli and K. pneumoniae at Egyptian
Intensive Care Units. Egy J of Med Micro 2019; 28
(4): 87-93 Online ISSN: 2537-0979. www.ejmm-
eg.com info@ejmm-eg.com

Arjun R., Gopalakrishnan R., Nambi P.S., et al. A
study of 24 patients with colistin-resistant Gram-
negative isolates in a tertiary care hospital in South
India. Indian journal of critical care medicine:
reviewed, official publication of Indian Society of
Critical Care Medicine 2017; 21(5):317.

Prim N, Turbau M, Rivera A, et al. Prevalence of
colistin  resistance in clinical isolates of
Enterobacteriaceae: A four-year cross-sectional
study. Journal of Infection 2017; 75(6):493-498.

Wong SC, Tse H, Chen JH, Cheng VC, Ho PL,
Yuen KY. Colistin-resistant Enterobacteriaceae
carrying the mcr-1 gene among patients in Hong
Kong. Emerging infectious diseases 2016;
22(9):1667.

Del Bianco F, Morotti M, Pedna MF, Farabegoli P,
Sambri V. Microbiological surveillance of plasmid
mediated  colistin  resistance  in  human
Enterobacteriaceae isolates in Romagna (Northern
Italy): August 2016-July 2017. International
Journal of Infectious Diseases 2018; (1): 69:96-8.

Newton-Foot M, Snyman Y, Maloba MR,
Whitelaw AC. Plasmid-mediated mcr-1 colistin
resistance in Escherichia coli and Klebsiella spp.
clinical isolates from the Western Cape region of
South Africa. Antimicrobial Resistance & Infection
Control 2017; 6(1):78.

Rebelo AR, Bortolaia V, Kjeldgaard JS et al.
Multiplex PCR for detection of plasmid-mediated
colistin resistance determinants, mcr-1, mcr-2, mcr-
3, mcr-4 and mcr-5 for surveillance purposes. Euro
Surveil 2018; 23(6):17-00672.doi:10.2807/1560-
7917. ES.20 18.23.6.17-0067212

Egyptian Journal of Medical Microbiology

ejmm.journals.ekb.eg info.ejmm22@gmail.com


mailto:info@ejmm-eg.com
mailto:info@ejmm-eg.com
mailto:info@ejmm-eg.com

