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Evaluation Of Phenotypic Methods For Detection Of Carbapenem Resistance In
Isolates Of Pseudomonas Aeruginosa In A Tertiary Care Hospital

Shaista Bakhat, Yasmeen Taj, Faisal Hanif, Muhammad Faisal Faheem

ABSTRACT

Objective: To assess the effectiveness of Modified Hodge test (MHT) and Modified carbapenemase inactivation method
(mCIM) for detection of carbapenemase enzyme produced by Pseudomonas aeruginosa strains that code for resistance
towards carbapenem.

Study Design and Setting: This observational cross sectional study was carried out from January 18 to January 19 in
microbiology department of PNS SHIFA Karachi.

Methodology: 140 isolates of Pseudomonas aeruginosa were cultured from pus samples of hospitalized patients from
different wards like ENT, Surgery, Burn Unit, Plastic Surgery, ICU, Medicine, Pediatrics and family ward. These isolates
were tested carbapenem resistance by two phenotypic methods namely MHT and mCIM test. This data was analyzed by
using SPSS Version 23.0.

Results: In our research study mCIM method showed 100% sensitivity, 99.1% specificity, positive predictive value 96.1%
and negative predictive value 100% as compare to Modified Hodge Test which gave 77% sensitivity, 99.1% specificity,
95.2% PPV and 100% NPV.

Conclusion: mCIM test is simple, accurate and more reliable method for detection of carbapenemase production as
compared with MHT. It is recommended, cabapenemase producing isolates should be tested as a routine practice by all

clinical labs laboratory.
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INTRODUCTION:

The micro-organism Pseudomonas aeruginosa is a pathogen
appearing as a common source of hospital acquired infections
especially sepsis.' Resistance of microorganisms towards
antibiotics is an upcoming crucial challenge in treatment of
infectious diseases. This resistance comes with undesirable
outcomes and morbidity, prolonged hospitalization, expense
and even mortality.” Risk of death with Pseudomonas
aeruginosa infection can surpass over 58.8%. After the
superbug methicillin resistant staphylococcus aureus which
causes infections both in hospital and community infections
by Pseudomonas aeruginosa are occurring Worldwide with
limited treatment choices as a multidrug resistance.
Unfortunately these infections have limited treatment choices
as they are multidrug resistant. Carbepenem is the last resort
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against strains of Pseudomonas aeruginosa,* However its
clinical use is facing problems as a result of resistance
towards known carbapenem antibiotics (such as imipenem
and meropenem).’ This resistance is multifactorial as over-
expression of efflux system, production of enzymes, reduction
of pore expression, reduction of external membrane proteins
expressions and topoisomerase enzyme. Carbapenem
resistance is also arbitrated by mutated genes that transcribed
for enzymes carbapenemase. According to Ambler
classification these genes are classified into four classes
depending on the amino acid sequence. Class A (KPC) and
D (OXA) act through a serine-based mechanism while class
B (IMP, VIM) depends on zinc to work therefore are called
metallo-beta-lactamase. KPC [Klebsiella pneumonae
carbapenemase] and VIM [Verona integron-encoded metallo-
beta-lactamase] were regarded as the numerous type of
carbapenemase. They were reported in United States, Israel,
Turkey, China, India, the United Kingdom, Nordic countries
and Greece till 2007. After 2008, NDM-1(New Delhi metallo
beta-lactamase) was identified from isolates of Klebsiella
pneumonae and E coli from India and Pakistan. OXA-48
genes are other plasmid borne which transcribe resistance
and have been detected in strains of Pseudomonas aeruginosa
from Middle East, Turkey and India.

Antibiotic resistant bacteria must be detected because suitable
treatment is essential in curtailing the spread of resistant
strains. Several phenotypic screening methods are used
such as Kirby-Bauer (KB) disk diffusion antibiotic sensitivity
test® on Muller Hinton Agar (according to CLSI standards
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sensitive and resistant zone), Carba NP test and eCIM.
Other phenotypic detection methods for carbapenemase
production are Modified Hodge Test” and mCIM method
(modified carbapenemase inactivation).® Regretfully,
carbapenem resistance is hard to detect by KB disk diffusion
method in different laboratories. Recent CLSI policies
suggest carbapenemase screening as a standard constituent
of routine laboratory work. Despite the availibility of
molecular methods for detection of carbapenemases
transcribing genes which are more accurate they cannot be
used for routine laboratory work as the method cumbersome
and expensive. Among number of phenotypic used methods
easily available are MHT and mCIM methods. mCIM
method has newly been introduced by CLSI
[http://clsi.org/standards/micro/ microbiology files]’ for
phenotypic detection of carbapenemase in Enterobacteria-
ceae'”. The efficacy of this test was assessed in a multi-
center test and found to have 97% mean sensitivity and
99% specificity.'" Another study carbapenemase was
detected in Pseudomonas aeruginosa by mCIM and PCR-
detected genes (KPC, GES, IMP, VIM, NDM, OXA-48,
and NMC/IMI).?

Detection of carbapenemase in Pseudomonas aeruginosa
strain is of extreme significance to evade hospital acquired
resistant infections. The accessibility of precise and
inexpensive carbapenemase detection methods may be an
inducement for laboratories to scrutinize this problem and
help prevent a major threat of antibiotic resistance trend in
bacteria.

METHODOLOGY:

The observational cross sectional study was done at PNS
Shifa a tertiary care hospital, Karachi. 140 samples of
Pseudomonas aeruginosa were collected from jan 2018-
jan 2019. This study was approved by Ethical Review
Committee of PNS Shifa. Informed consent was taken from
hospitalized patients. The strains of Pseudomonas
aeruginosa were isolated from pus samples of infection of
different body parts. Out-door patients, repeat samples from
same patients and patients already on antibiotics were
excluded. Samples of P. aeruginosa were received from
various wards (Burn unit, ENT ward, Plastic surgery ward,
paedriatic ward, family ward and ICU). Strains of
Pseudomonas aeruginosa were grown on blood agar'?,
MacConkey agar'®. Pseudomonas aeruginosa clinical
isolates yield large, smooth, mucoid colonies with flat edges
and green pigments (Guangzhou Ikeme technology co Ltd)
after incubation at 35°C+2°C for 24 hours. They gave
colourless colonies on MacConkey agar (Shanghai Hungsun
chemical co Ltd) after incubation at 35°C+2°C for 24 hours.
Gram staining was done for confirmation of Gram negative
rods. Then biochemical test (oxidase test) (Scien Cell) was
done for Pseudomonas aeruginosa. When the reagent was
oxidized by cytochrome C, it changed from colorless to a
dark blue or purple compound, indophenols blue.

According to standard guidelines, preliminary AST (antibiotic
susceptibility test) screening was done with disc diffusion
method. Antimicrobial susceptibility testing was checked
by disc diffusion method on Mueller —Hinton (MH) agar
plate (Oxoid CM0337) as per CLSI 2019 (Clinical laboratory
standard international) guidelines. Two carbapenem
antibiotics like Meropenem 10ug(oxoid company) and
Imipenem 10pg(Oxoid ) were used. When zone is equal or
less than 15mm it is interpreted as resistance both for
imipenem and meropenem. Lawning was prepared with a
1:10 dilution of a 0.5 McFarland suspension of Escherichia
coli ATCC 25922 on Muller Hinton Agar. Diameter of zone
is 16-18mm is considered as intermediate. Diameter is equal
or more than 19 indicates sensitivity for imipenem and
meropenem.

Modified Hodge test and mCIM test were performed in all
cases. Mueller Hinton agar was used to perform modified
Hodge test'*. Lawning was done with a 1:10 dilution of a
0.5 McFarland suspension of Escherichia coli ATCC
25922(provided by microbiology department of PNS shifa)
on Muller Hinton Agar. Meropenem 10ug was used. Then
test organisms and control positive were streaked on the
lawn in a straight line from the edge of disc to the edge of
the plate. These Mueller Hinton agar plates were incubated
at 354+2°C for 24 hours. After 16-24 hours of incubation, a
clover-leaf-type indentation was examined at the intersection
of the test organism and E coli 25922, within the zone of
inhibition of the carbapenem susceptibility disk. MHT
(modified Hodge test) positive test indicated the
carbapenemase production.

mCIM" was also used for phenotypic detection of
carbapenemase. With the help of sterile inoculating loop,
1ul of test organism was put into 2ml tube of tryptic soy
broth (TSB, Hi Media Laboratories); suspension was vortexed
for 10-15secs. Then 10pg MEM disk was placed into 2ml
tube and incubated for 4 hours + 15 minutes at 35°C+2°C.
E coli ATCC 25922 with turbidity equivalent to a 0.5
McFarland was prepared. Lawning was done on Mueller
Hinton Agar. The MEM (meropenem) disk was removed
from the TSB suspension and placed it on MHA plate and
incubated for 24 hours. Results are considered as positive
with zone 6-10mm, 11-19mm zone an intermediate results
and >20mm as negative (no carbapenemase detected).

Statistical analysis of the data was done using SPSS version
23.0. Results were reported as frequencies (percentages) for
categorical variables i.e source of specimens. The sensitivity
and specificity of MHT for detection of carbapenemase-
producing Pseudomonas aeruginosa were calculated and
compared with mCIM as the standard method by chi square
method. P-value <0.05 is considered as statistically
significant.

RESULTS:

140 isolates of Psedomonas aeruginosa were cultured from
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pus samples of different infection sites. The most frequent
isolates were from ENT infections (47.1%) followed by co
surgical wound infections (13.6%), burns super-infections
(12.1%), diabetic foot (8.6%), plastic post-operative infections
(7.9%), pediatric wound infections (1.4%) and officer ward
(0.7%) as shown in (Tab 1). According to KB Disc Diffusion
method, out of 140 Pseudomonas aeruginosa isolates 17
had zone size of =15mm indicating resistance according to
CLSI 2019 as per Table 2. The results of mCIM showed 25
cases out of 140 as resistant with 100% sensitivity, 99.1%
specificity, 96.1% positive predictive value and 100%
negative predictive value as per Table 3. The results of MHT
showed 20 resistant cases with 77% sensitivity, 99.1%
specificity, 95.2% positive predictive value and 100%
negative predictive value as per Table 4.

DISCUSSION:

Pseudomonas aeruginosa is the causative microorganism
of hospital acquired infections. Multiple factors are

Table 1: Frequency of infection sites

Ward Frequency|Percent
ENT 66 47.1
Surgery 19 13.6
Burn Unit 17 12.1
10-ICU 12 8.6
Medicine 12 8.6
Plastic Surgery 11 7.9
Paedriatics 2 1.4
officer ward 1 0.7
Table 2: Antibiotic (Carbapenem) Susceptibility Test
IMP 17 0 123
12% 0% 88%
MEM 17 0 123
12% 0% 88%

Table 3: 2x2 contingency table for mCIM

mCIM
Positive | Negative | Total
Positive 25 1 26
Negative 0 114 114
Total 25 115 140

Table 4: 2x2 contingency table for MHT

MHT
Positive | Negative | Total
Positive 20 1 21
Negative 6 113 119
Total 26 114 140

responsible to make Pseudomonas aeruginosa as a
nosocomial super bug such as imprudent administration of
antibiotics, instrumentation and intrinsic resistance. So it is
imperative to initiate suitable therapy. Several phenotypic
methods are available for detection of carbapenemase
producing microorganisms. Some clinical procedures for
screening carbapenemase include MHT, CNPt, mCIM and
eCIM. In our study, initial screening was done by AST. It
was followed by two phenotypic methods MHT (Modified
Hodge Test) and mCIM (Modified Carbapenemase
Inactivation Method).

The most frequent Pseudomonas isolates from ENT samples
as shown in tab 1. Other microbiological studies showed
Pseudomonas aeruginosa is the most common cause of
otitis media since II World War. The reason may be the
common cold and ear infections after water infections.
According to KB Disk Diffusion method out of 140
Pseudomonas aeruginosa isolates 17 had a zone size of
=15mm indicating resistance according to CLSI 2019. mCIM
showed 25 cases with zone diameter =10mm. MHT showed
20 isolates having resistance towards meropenem and
imipenem with clover leaf indentation. Our study showed
that among the phenotypic methods mCIM had the highest
sensitivity 100%, 99.1% specificity, 96.1% positive predictive
value and 100% negative predictive value. While MHT
showed low results with 77% sensitivity, 99.1% specificity,
95.2% positive predictive value and 100% negative predictive
value. These findings indicate that resistant cases may be
missed by KB Disk Diffusion method which is used routinely
in laboratory.

According to CLSI, AST (Antibiotic susceptibility test) is
used as screening for detection of carbapenem resistant
Pseudomonas aeruginosa, but it is not a confirmatory
test.'*'” Our findings in accordance with other studies like
Van der Zwaluw et al (2015) recommended mCIM as highly
sensitive, specific and inexpensive method for detection of
carbapenemase. Virginia M et al explained the effectiveness
of mCIM (Modified Carbapenem Inactivation method) with
93% sensitivity and 100% specificity for phenotypic detection
of carbapenemase production.'® Another study, Biewei Yu
et al explained the effectiveness of mCIM for suspected
carbapenemases among Enterobacteriaceae.'’ These studies
are in accordance with our studies and endorsed the findings
of mCIM method.

In our study the finding of MHT with 77% sensitivity, 99.1%
specificity, 95.2% positive predictive value and 100%
negative predictive value is also in accordance with other
studies in which Lee K, Lim Y'S and et al identified 67%
cases of metallo-beta-lactamase producing organisms with
MHT.? After that Modified Hodge Test was introduced a
step ahead of simple hodge test. A study was done in Pakistan
explained the effectiveness of Modified Hodge Test with
69% detection of carbapenemases.”’ But with passage of
time MHT had lost its effectiveness especially in detecting
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NDM (New Dehli metallo-beta-lactamase). So Fernando
Pasteron et al used Triton X-100 in their study in order to
enhance the effectiveness of MHT for detection of NDM.*
NDM-1 is zinc dependent enzyme,they considered deficiency
of zinc in MHT was responsible for poor detection of NDM-
1. They added 100microg/ml zinc sulfate but still failed.
NDM-1 is lipoprotein acchored to the outer membrane with
presence of canonical lipidation sequence (LSGC), called
the Lipodox. In Triton Hodge test,they added non ionic
surfactant, which allowed the detection of membrane bound
carbapenemase. This was followed by another study in 2018,
PAE-MHT (Pseudomonas aeruginosa-Modified Hodge Test)
and chrom ID carba agar for detection of carbapenemase.
This study indicated that PAE-MHT and chrom ID carba
are sensitive and specific.”® Further studies showed reduced
value of this test for carbapenemase detection* and endorced
use of mCIM as a routine practice in laboratories.

In our study high sensitivity positive predictive value (PPV)
of mCIM supports the use of this test as a reliable tool for
screening of carbapenemase producing strains of
Pseudomonas aeruginosa. Prompt detection of carbapenem
resistance is vital for infection control measures and
epidemiological records. Further, it is important to make
appropriate choice of antibiotics. Detection of carbapenem
resistant Pseudomonas aeruginosa with simple and cost
effective methods is recommended in absence of molecular
techniques.

CONCLUSION:

mCIM test is simple, accurate and more reliable method for
detection of carbapenemase production as compared with
MHT. It is recommended, cabapenemase producing isolates
should be tested as a routine practice by all clinical labs
laboratory.
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