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Colistin resistance is reported sporadically among 
extensive drug resistant gram-negative isolates at our 
university hospital and no data is available about the 
mechanism of resistance in those isolates. Moreover, 
as colistin is considered the last line treatment in those 
cases, therefore, the present study was conducted to in-
vestigate the presence of plasmid-mediated resistance 
(mcr-1 and mcr-2 genes) and heteroresistance among 
K. pneumoniae and E. coli clinical isolates at intensive 
care units (ICUs) of Main Alexandria University Hospital 
(MAUH), Egypt. The study also aimed to evaluate the 
performance of the rapid polymyxin Nordmann Poirel 
(NP) test for phenotypic detection of colistin resistance 
in K. pneumoniae and E. coli clinical isolates. 

MATERIAL AND METHODS

Seventy colistin-resistant and 30 colistin-suscep-
tible K. pneumoniae and E. coli clinical isolates, ran-
domly selected, constituted the material of this 
study. A  sample size of 70 isolates, calculated using 
GPower version 3.1.9.2, was enough to detect the 
prevalence of plasmid mediated colistin resistance in 
K. pneumoniae and E. coli, to reach 80% power of the 
study and at a significance level of 0.05. The isolates 

INTRODUCTION

The emergence of extensive drug resistant gram-nega-
tive bacilli, especially the carbapenem resistant ones, had 
led to increase use of colistin in the last decade [1].

Colistin resistance has been reported worldwide either 
via chromosomal genes or plasmids. The plasmid-encod-
ed resistance was first described by Liu and colleagues 
[2], in Escherichia coli (E. coli) and Klebsiella pneumoniae 
(K.  pneumoniae) animal and human isolates recovered 
from China. It is mediated by mcr-1 (mobile colistin resis-
tance) gene that encodes phosphoethanolamine trans-
ferase enzyme, conferring resistance to colistin. This type 
of resistance is responsible for horizontal transfer and 
dissemination of stable colistin resistance among gram- 
-nega tive bacilli posing a major public health concern [2]. 

To date, ten mcr variants (mcr-1 to mcr-10) showing 
nucleotide sequence similarity to each other have been 
described in Enterobacterales and other genera [3].

Heteroresistance is the presence of an antibio tic- 
-resistant subpopulation of microbes within a  larger 
population that is susceptible. Detection of heterore-
sistance is problematic in-vitro and most probably pro-
motes resistance to antibiotics in-vivo. Because of lack 
of uniform standards to test colistin heteroresistance, 
the rates from different countries varied greatly [4].
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were isolated from different ICUs of MAUH during 
the study period starting from the first of July 2018 
till the end of June 2020. All included isolates were 
extensive drug resistant (XDR). XDR was defined as 
non-susceptibility to at least one agent in all but two 
or fewer antimicrobial categories (i.e. bacterial iso-
lates remain susceptible to only one or two catego-
ries) [5]. Out of the 30 colistin-susceptible isolates, 20 
were K. pneumoniae and ten were E. coli. While out of 
70 colistin-resistant isolates, 65 were K. pneumoniae 
and 5 were E. coli. 

The study was approved by Medical Research Ethics 
Committee of Alexandria Faculty of Medicine. 

Selection of isolates
During the study period, a total of 3369 Enterobac-

terales isolates (1826 Klebsiella spp., 1149 E. coli, 307 
Proteaee, 60 Citrobacter spp., and 27 Enterobacter spp.) 
were collected from ICU patients. Out of Klebsiella spp. 
and E. coli isolates, only 70 isolates (70/2975; 2.3%) were 
colistin resistant and were included in the study. Thus, 
it took almost two years to collect those 70 isolates. The 
authors randomly selected only 30 colistin susceptible 
isolates for testing heteroresistance as the test is very 
laborious.

Clinical data collection
All relevant clinical data corresponding to the study 

isolates were recorded including: age, sex, previous an-
tibiotic use data, type of specimen, type of ICU.

Microbiological processing
1. Identification to the species level
Identification of the study isolates was performed us-

ing VITEK 2 compact system according to the manufac-
turer’s instructions.

2. Antimicrobial susceptibility testing (AST)
AST was performed by Kirby Bauer disc diffusion 

method according to Clinical Laboratory Standards 
Institute (CLSI) 2020 recommendations [6]. The inter-
pretive zone breakpoints that are recommended for 
cefoperazone discs (75 μg) were used for interpretation 
of cefoperazone/sulbactam (75/10 μg) susceptibility. 
Tigecycline (15 μg) zone diameters were interpreted 
according to European Committee on Antimicrobial 
Susceptibility Testing (EUCAST), 2020 [7]. 

3. Detection of colistin resistance by phenotypic 
methods

3.1. Broth microdilution (BMD) reference method 
was done according to CLSI recommendations [8]. 
Minimum inhibitory concentration (MIC) was interpre-
ted according to the recommended MIC breakpoints 
for Enterobacterales of EUCAST [7]:  >  2 μg/mL (Resis-
tant), ≤ 2 μg/mL (Susceptible). 

3.2. Rapid polymyxin NP (Nordmann Poirel) test: It 
was performed as previously described [9]. Briefly, 
a rapid polymyxin reagent containing a mixture of 2.5% 

of cation adjusted Muller Hinton powder, 0.005% of 
phenol red indicator and 1% of d (+)-glucose was pre-
pared. Bacterial suspension equivalent to 109 CFU/mL 
was inoculated in parallel into 2 wells of a  microtiter 
plate, with and without colistin (5 μg/mL) and mixed 
to the reactive medium. A  colistin-susceptible (E. coli 
ATCC 25922) isolate and a colistin-resistant (intrinsically 
polymyxin-resistant Proteus mirabilis ATCC 14153) were 
included as controls. The inoculated microtiter plate 
was incubated up to 4 hours at 37 °C in ambient air, not 
sealed and without agitation. A positive test was indi-
cated by a color change (from orange to yellow) when 
bacteria metabolize glucose in the medium in the pre-
sence of colistin. 

4. Detection of heteroresistance to colistin using 
population analysis profile (PAP)

It was performed for the 30 colistin-susceptible iso-
lates using the method described by Meletis et al. [10] 
by spreading aliquot of 50 μL from tenfold serially di-
luted bacterial suspension, equivalent to 108 CFU/mL, 
on Mueller Hinton agar plates containing colistin sul-
fate concentrations of 0, 0.5, 1, 2, 3, 4, 5, 6, 8 and 10 
μg/ mL. The plates were incubated at 37 °C for 48 hours 
then colonies were counted. The frequency of resistant 
subpopulations at the highest drug concentration was 
calculated by dividing the number of colonies grown 
on an antibiotic- containing plate by the colony counts 
from the same bacterial inoculum plated onto antibio-
tic-free plates. The MIC for heteroresistant colonies was 
reassessed by serial daily subcultures on antibiotic-free 
medium for one week in order to evaluate whether this 
resistance was stable. K. pneumoniae ATCC 700603 was 
included as a  negative control (colistin-susceptible) 
strain in the test.

5. Detection of plasmid mediated colistin resistance 
by multiplex PCR 

The 70 colistin-resistant isolates and heteroresistant 
isolates were screened for the presence of mcr-1 [2] and 
mcr-2 [11] genes by multiplex PCR as previously de-
scribed. Despite there are 10 mcr variants, the current 
work tested for presence of only the most common two 
of them for screening purposes. The primers used were 
as follows: mcr-1 forward: CGGTCAGTCCGTTTGTTC, 
mcr-1 reverse: CTTGGTCGGTCTGTAGGG, mcr-2 forward: 
TGTTGCTTGTGCCGATTGGA, mcr-2 reverse: AGATGG-
TATTGTTGGTTGCTG, using a cycling condition of initial 
denaturation at 94 °C for 15 min, 25 cycles of 94°C for 
30 sec, 58°C for 90 sec and 72°C for 60 sec, and a final 
elongation at 72°C for 10 min.  An internal control gene 
(16SrRNA) was included in each PCR run.

Statistical analysis
After completing data collection, data entry was per-

formed using Statistical Package for Social Sciences 
(SPSS ver. 22). Parametric and non-parametric tests 
were used as appropriate. The level of significance of 
the results was 0.05.

PŮVODNÍ PRÁCE
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RESULTS

Clinical data of the isolates are demonstrated in ta-
ble 1. None of the patients had history of travel with-
in the preceding 12 months. All patients received an-
tibiotics in the previous one month or were already 

on antibiotic treatment while taking the sample. 
Around 50% of colistin-resistant and -susceptible 
groups received previous combination of a  glyco-
peptide and a  carbapenem. Four patients from the 
resistant group received previous colistin treatment 
(Figure 1).

PŮVODNÍ PRÁCE

Table 1. The characteristics of the study isolates 

Test of significance
Colistin-resistant isolates

(n = 70)
Colistin-susceptible isolates

(n = 30)Characteristics 
%N%N

Age

t = 2.5920–8520–91Minimum – maximum

p = 0.6659.91 ± 18.258.27 ± 14.8Mean ± SD

Sex

χ2 = 3.4357.14076.723Male

p = 0.0642.93023.37Female

pMC = 0.69ICU

72.95170.021General ICU

11.4820.06Nephrology ICU

11.486.72Hematology ICU

4.333.31Cardiology ICU

Specimen

58.64146.714BAL

pMC = 0.2124.31733.310Urine

12.996.72Blood

1.4110.03Pus

2.923.31Pleural fluid
*Significant (p < 0.05)  
t = Independent sample t test
pMC = p value of Monte Carlo test
χ2 = Chi-square test

Figure 1. Types of previously used antibiotics in the two study groups
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The isolates of the current study were selected to be 
XDR. Regarding colistin-resistant isolates, they were 
100% resistant to all antibiotics except meropenem 
(69/70; 98.6%), amikacin (68/70; 97.1%), trimetho-
prim/sulfamethoxazole (64/70; 91.4%), tetracycline 
(63/70; 90%), gentamicin (62/70; 86.7%), doxycycline 
(59/70; 84.3%), and tigecycline (43/70; 61.4%). Si-
milarly, all colistin-susceptible isolates were 100% re-
sistant to most antibiotics except gentamicin (26/30; 
86.7%), amikacin (27/30; 90%), tetracycline (25/30; 
83.3%), doxycycline (24/30; 80%), tigecycline (19/30; 
63.3%), and sulfamethoxazole-trimethoprim (29/30; 
96.7%). Out of 17 urine isolates in colistin-resistant 
group, 15 (88.2%) were resistant to nitrofurantoin, 
while all (100%) urine isolates from colistin-suscepti-
ble group were resistant to nitrofurantoin. As recom-
mended by CLSI 2020, fosfomycin was not tested for 
K. pneumoniae. All E. coli isolates (colistin-susceptible 
and colistin-resistant) were susceptible to fosfomy-
cin.

Regarding the performance of the rapid polymyxin 
NP test, all K. pneumoniae and E. coli colistin-resistant 
isolates gave positive NP test results. Similarly, the 30 
colistin-susceptible isolates (K. pneumoniae and E. coli) 
gave negative rapid NP results, including the seven 
colistin heteroresistant K. pneumoniae isolates. Thus, 
the test failed to detect all heteroresistants. Therefore, 
excluding the heteroresistant isolates, the rapid NP test 
showed an excellent correlation with BMD test, provid-
ing sensitivity, specificity, positive, negative predictive 
values and accuracy of 100%. The color change of the 
NP test wells was inspected and recorded every hour, 
all positive isolates gave final results from 2–3 hours 
incubation at 37 °C under aerobic conditions. All nega-
tive isolates remained negative ≥ 4 hours (Figure 2).

Population analysis profile revealed colistin hetero-
resistance in seven clinical K. pneumoniae isolates ini-
tially identified as colistin-susceptible based on MIC 
value of BMD test (≤ 2 μg/mL). Resistant subpopula-

tions in colistin heteroresistant isolates grew in colistin 
concentrations ranging from 3 to 10 μg/mL. The mean 
frequency of resistant subpopulations was 7.6 x 107 
(0.0000076). Resistant subpopulations had MICs rang-
ing from 4 to 32 μg/mL. The resistant subpopulations 
of the seven isolates demonstrated unstable resistance 
after repeated subculture for one week on colistin free 
medium (Table 2, Figure 3). The colistin-susceptible 
ATCC 700603 isolate survived up to 0.5 μg/mL colistin 
sulfate, with no heteroresistant subpopulations ob-
served. None of the patients from whom those isolates 
were recovered has received previous colistin treat-
ment. All heteroresistant K. pneumoniae isolates were 
negative for rapid polymyxin NP test and all were nega-
tive for mcr-1 and mcr-2 genes. 

PCR results showed that mcr-1 and mcr-2 genes 
were not detected in any of the 70 colistin-resistant 
isolates.

Table 2. Characteristics of the seven heteroresistant K. pneumoniae clinical isolates studied by population analysis profile (PAP)

Isolate
MIC 

value
(μg/mL)

Rapid 
Polymyxin

NP test

PCR for
mcr-1 and

mcr-2 genes

Highest 
concentration of 

growth in PAP 
(μg/mL)

Frequency of 
heteroresistant 
subpopulation

Resistant 
colonies MIC

1 0.12 μg/mL Negative Negative 3 μg/mL 1.1 x 10-7 4

2 0.12 μg/mL Negative Negative 5 μg/mL 2.5 x 10-5 16

3 1 μg/mL Negative Negative 6 μg/mL 2 x 10-5 16

4 0.5 μg/mL Negative Negative 10 μg/mL 2 x 10-7 32

5 1 μg/mL Negative Negative 10 μg/mL 1.3 x 10-7 16

6 0.12 μg/mL Negative Negative 10 μg/mL 3.3 x 10-6 32

7 0.25 μg/mL Negative Negative 10 μg/mL 5 x 10-6 32

Figure 2. Results of rapid polymyxin NP test in the present 
study
The upper row: colistin-free solution. The lower row: colis-
tin-containing solution. 1A, 1B: non-inoculated wells, saline 
controls (first column). 2A, 2B: colistin-susceptible reference 
strain (second column) showing a positive reaction in upper 
row and negative result in the lower row. 3A, 3B: Colistin resis-
tant reference strain (third column) showing positive results 
in the upper and the lower rows. 4A, 4B: A tested (resistant) 
isolate showing a positive test result. 5A, 5B: A tested (suscep-
tible) isolate showing a negative test result.
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DISCUSSION

Concerning the clinico-microbiological profile of the 
70 colistin-resistant isolates in this study, respiratory 
samples (58.5%), were the most prevalent, followed by 
urine (24.3%), and blood (13%). This agreed with the re-
sults of Emara et al. [12] where sputum (50%), and urine 
(30%) were the predominant samples in the 10 patients 
with colistin resistant isolates. 

While comparing the performance of the rapid poly-
myxin NP test and the BMD reference method in the 
current study, the colistin-resistant group gave positive 
NP test results from 2–3 hours after incubation, show-
ing an excellent agreement with BMD, with no VME; 
very major error (false susceptibility) detected. Similar-
ly, Bakthavatchalam et al. [13], studied 232 non-dupli-
cate Enterobacteriaceae bloodstream isolates in India, 
they reported a high degree of concordance between 
BMD and the rapid polymyxin NP test in detection of 
colistin-resistant isolates in less than 3 hours. 

On the other hand, all our 30 colistin-susceptible 
isolates gave negative rapid polymyxin NP results, 
missing the seven colistin heteroresistant K. pneumo-
niae isolates that were further detected by PAP. So, by 
excluding the heteroresistant isolates, the rapid poly-
myxin NP test provided 100% sensitivity, specificity, 
positive, negative predictive values and accuracy. In 
the study of Jayol et al. [14], out of the 40 colistin-sus-
ceptible enterobacterial isolates, only a single suscep-
tible K. pneumoniae isolate with a colistin MIC value of 
2 μg/mL was identified as colistin-resistant with the 
Rapid Polymyxin NP test, at a rate of 2.5%. The study 
group did not perform PAP test to detect heteroresis-
tance, thus they interpreted this result as major error 
(false resistance). Interestingly, in an Indian study, the 
authors reported one heteroresistant K. pneumoniae 
isolate that was found to be positive by rapid poly-
myxin NP test [13].

Heteroresistance to colistin, or the presence of resis-
tant subpopulations within phenotypically susceptible 

Figure 3. Population analysis profiles (PAP) of seven K. pneumoniae heteroresistant clinical isolates and one colistin 
susceptible K. pneumoniae ATCC 700603 
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populations is known to occur in K. pneumoniae. The 
real prevalence of colistin heteroresistance is unknown; 
due to difficulty in its detection by routine susceptibi-
lity methods [10]. Although based on relatively few iso-
lates, two studies showed remarkably high prevalence 
of colistin heteroresistance; 75% (12 out of 16) and 94% 
(15 out of 16) respectively [10, 15]. In contrary to our 
results, that revealed a low prevalence 23.3% (7 out of 
30) with MIC values ranging from 4 to 32 μg/mL. The 
absence of colistin pressure as evidenced by the ab-
sence of previous colistin intake among patients from 
whom our isolates were recovered might explain this 
low heteroresistance rate.

The rate of the resistant subpopulations varies in dif-
ferent studies; Poudyal et al. [15] reported the propor-
tion of resistant subpopulations among K. pneumoniae 
heteroresistant isolates as ranging from 6.03×10-9 – 
1.29×10-5 from the main populations. Meletis et al. [10] 
similarly, reported the range of the resistant subpopu-
lations as ranging from 10-7 to 10-5 in isolates exposed 
or not exposed to colistin. This was in accordance 
with the present work, where the mean frequency of 
resistant subpopulations in colistin heteroresistant 
K. pneumo niae isolates was 7.6 x 10-7. The genetic back-
ground and the dynamics of heteroresistant isolates in 
the present study should be included in a further study. 
Time kill assay should be performed to confirm or ne-
gate the stability of the resistant subpopulation. Fur-
thermore, failure of detection of resistance in the seven 
heteroresistant isolates by BMD may be due to the fact 
that the antibiotic resistant subpopulation was present 
at a very low frequency (1 in 7.6 x 107 cells) to be de-
tected by routine tests.  

We could not relate the heteroresistance in K. pneu-
moniae isolates of the present study to a specific resis-
tance mechanism, as all heteroresistant isolates were 
negative for mcr-1 and mcr-2 genes, and other colistin 
resistance mechanisms (including mutations) were not 
investigated. Regardless of the mechanism, it is likely 
that resistant subpopulations may become dominant 
during colistin treatment, by selective pressure, even-
tually leading to treatment failure. This was previously 
confirmed in an in-vivo murine model, where carba-
penem resistant K. pneumoniae having resistant colis-
tin subpopulations exhibited treatment failure [16]. 
Thus, heteroresistance phenomenon merits further 
investigations as it points to a serious clinical problem. 

The use of PCR in the present study failed to detect 
mcr-1 and mcr-2 genes in any isolate of the colistin-re-
sistant group. The resistance in these isolates could be 
due to other resistance mechanisms (chromosome en-
coded resistant gene, alteration in the two-component 
system, other plasmid mediated genes). This agreed 
with the results of a  previous study, which could not 
detect mcr-1 gene in 11 colistin-resistant K. pneumo-
niae isolates out of 219 gram-negative isolates [17]. Pre-
vious studies reported a very low prevalence of mcr-1 

gene in Enterobacteriaceae (0.1–1%) that was mainly 
detected in E. coli [18, 19]. The prevalence of the mcr-1 
gene was notably lower in isolates from human sour-
ces than from animal source [2]. The absence of mcr-1 
and mcr-2 genes in the present study may be due to 
the inclusion criteria of the included isolates; all were 
XDR, or the very low number of resistant E. coli tested 
(5 isolates). The other mechanisms of colistin resistance 
were not investigated as this was not the objective of 
the current study. The authors‘ aim was to investigate 
the presence of the mobile transmissible type of re-
sistance (plasmid-mediated) which poses more risk in 
healthcare settings.

CONCLUSIONS

The rapid polymyxin NP test was found to be a reli-
able, cheap, rapid screening tool for detection of colis-
tin resistance, regardless of the molecular mechanism 
of colistin resistance (plasmid, chromosomal), and it 
can be used as an alternative of BMD when MIC value 
determination is not mandatory. However, rapid poly-
myxin NP is not reliable for detection of colistin hetero-
resistance in K. pneumoniae and E. coli clinical isolates 
in our settings. The absence of mcr-1 and mcr-2 genes 
from the tested isolates does not exclude their pre-
sence in our hospital setting. Conducting further stud-
ies, with large number of clinical isolates, to determine 
the responsible possible molecular mechanisms (chro-
mosomal and plasmid mediated) of colistin resistance 
is crucial.
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