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INTRODUCTION

ABSTRACT

Background: Carbapenemase-producing Enterobacterales are increasingly spreading
in healthcare facilities. Identifying the type of carbapenemase can help epidemiologic
surveillance and proper selection of antimicrobials. Objective: This study assessed the
sensitivity and specificity of carbapenem inactivation method (mCIM with eCIM) for
identification of carbapenemase-production. Methodology: The study involved 150
isolates of Enterobacterales. Carbapenem-resistant isolates by Kirby Bauer method were
further tested for carbapenemase production phenotypically by mCIM with eCIM, and
genotypically by multiplex PCR using specific primers for blakpe, blaoxass, blanom-1,
blay;y, and bla,ye, Results: Resistance to carbapenem was observed in 53/150 isolates.
Phenotypically, 28/53 isolates produced metallo-S-lactamase, 16/53 produced serine
carbapenemase, 5/53 isolates gave inconclusive results, and 4/53 were negative by
mCIM with eCIM test. Genotypically, 30 isolates carried blaypm.;, and 41 isolates
carried blapya4s. Both genes co-existed in 18 Metallo-s-lactamase producers. The 9
isolates with negative or inconclusive results carried carbapenemase-encoding genes.
For mCIM with eCIM test the sensitivity and specificity of detecting Metallo-f-lactamase
production were higher (87% and 91%) than for serine carbapenemase detection (34%
and 83%), respectively. Conclusion: It was concluded that the mCIM with eCIM test
does not always lead to true conclusions about the existence and the type of
carbapenemase produced by Enterobacterales.

Carbapenem-resistant Enterobacterales (CRE) are of
growing importance as pathogens of major morbidity,
for their resistance to one of the safest last-line drugs

Carbapenems are  highly potent p-lactam
antimicrobial agents. They exert their broad-spectrum
activity by interfering with the process of cell wall
synthesis in bacteria via inhibition of transpeptidase
enzyme, also known as Penicillin-Binding Protein
(PBP), which is the main target of these drugs. This
results in autolysis and eventually death of bacterial
cells *. Carbapenems are of high antimicrobial efficacy
as they can bind to various types of PBPs, mainly PBP
1a, PBP 1b, PBP 2 and PBP 3 "%,

Variation in the chemical structure of different
carbapenem antimicrobials results causes variation in
their efficacy. For instance, the anti-Gram-negative
activity of Meropenem and Ertapenem is slightly higher
than Imipenem. However, the anti-pseudomonal activity
of Ertapenem is less than that of other carbapenems. On
the other hand, Imipenem affects Acinetobacter
baumannii  more than Meropenem. Meanwhile,
Doripenem, exerts better antimicrobial effect against
Acinetobacter baumannii and Pseudomonas spp., being
less affected by the hydrolytic activity of p-lactamase
enzymes®“,

available against infections by multidrug-resistant
bacteria, either as single agents or in combination with
other drugs °. Enterobacterales can resist the action of
carbapenems by various mechanisms, the most common
among which is carbapenem-hydrolyzing enzymes.
Other mechanisms include alteration of porin channels
and efflux pumps that extrude the drug °.
Carbapenem-hydrolyzing enzymes are broadly
classified into 2 main categories; Serine- 3-Lactamases,
which use serine at the enzyme’s active motif
(belonging to Ambler’s classes A, and D) and Metallo-
R-Lactamases which use Zinc at the enzyme’s active
motif (belonging to Ambler’s class B) .
Carbapenemase-encoding enzymes are rapidly
disseminated among Enterobacterales, as most of which
undergo horizontal gene transfer ® In the US, the
plasmid-mediated Ambler’s classes A serine B-
Lactamase KPC is the most predominant. Variants of
this kind of B-Lactamases are increasingly spreading
worldwide. The OXA-48 serine 3-Lactamase is another
common plasmid-mediated enzyme belonging to
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Ambler’s classes D. Since its discovery in 2003, it has
been widely identified in countries from all over the
world particularly in the Mediterranean region and
Europe®®.

EDTA inhibits the activity of Ambler’s class B
Metallo-B-Lactamases by chelation of zinc ions at their
active site, thereby depriving the enzyme from its beta-
lactamase hydrolyzing activity. The most predominant
among this category are the IMP, the NDM-1, and the
VIM. The genes encoding for these beta-lactamases are
often carried on integrons within gene cassettes ™2,

Although AmpC B-lactamases exert minimal anti-
carbapenem activity, yet exposure to Imipenem is a
potent inducer to the production of AmpC in bacteria
that carry chromosomal ampC genes *> .

With the availableness of antibiotics effective
against bacteria producing carbapenemase of distinct
Ambler classes, it is of particular importance to inform
the clinicians about carbapenemase-production by the
bacteria isolated from clinical specimens, and their
Ambler class. In addition, this information is necessary
for surveillance purposes **.

Different phenotypic tests have been suggested to
test Enterobacterales for carbapenemase activity.
Among these tests, the CLSI has adopted the modified
Hodge test which was included in the MZ100
Performance standards for antimicrobial susceptibility
testing from 2009 to 2017. Later, this test has been
omitted, due to its low sensitivity and specificity,
leaving only CarbaNP test and mCIM with eCIM tests
(modified carbapenem inactivation method with EDTA-
modified carbapenem inactivation method) starting
from the 28" edition of the M100 CLSI guidelines till
the latest edition to date (32" edition). The guidelines
stated some limitations for the CarbaNP test, including
the invalid results with some isolates, and its being
unable to consistently detect certain carbapenemase
types like the chromosomally encoded OXA-type
carbapenemase. Meanwhile, the only limitation stated
for mCIM with eCIM tests was that they require
overnight incubation **’.

This study assessed the reliability of phenotypic
detection and determination of the category of
carbapenemase by the CLSI-recommended phenotypic
tests (MCIM with eCIM) in correlation with the results
of molecular detection of the 5 commonly encountered
carbapenemase -encoding genes; blakpe, blaoxa.ss,
blaypwm-1, blayiy, and blayp.

METHODOLOGY

The study involved 150 isolates of Enterobacterales,
collected at the microbiology department of the Medical
Research Institute from clinical samples over the period
From July 2019 to March 2020. The isolates were mostly
from urine samples (76, 50.7%), followed by sputum (42,
28%), pus (29, 19.3%), and blood (3, 2%).

Isolates identification ~was accomplished by
conventional biochemical reactions and was confirmed by
VITEK2 system. Susceptibility to antimicrobials was
tested by Kirby Bauer method, as per the CLSI M100
guidelines, 31" edition, using Oxoid™ disks (Thermo
Scientific™). Carbapenem-resistant isolates were screened
out, based on displaying resistance to Meropenem,
Imipenem and Ertapenem disks. The screened-out isolates
were tested by the mCIM with eCIM tests as described in
the CLSI M100 guidelines *'. In brief, a loopful of each
test bacteria from blood agar plate was emulsified in 2
tubes each containing two milliliters of TSB (tryptic soy
broth). A tube of the two was labelled as eCIM, and 20
puL of 0.5 M EDTA was added to it. A meropenem disk
(10-pg) was fully immersed in each the 2 tubes of
bacterial emulsion, followed by aerobic incubation for 4
hours at 37 °C. After the end of incubation, the disks
were placed over a plate of Muller Hinton agar
inoculated by a 0.5 McFarland saline suspension of E.
coli ATCC® 25922. The plates were overnight
incubated aerobically at 37 °C, followed by
measurement of the inhibition zone diameters. Results
were interpreted as per the CLSI-M100 guidelines.

Regarding molecular analysis, DNA was extracted
by boiling method 2. Briefly, 2 colonies of identical
morphology were suspended in 200 pl of sterile distilled
water and put in a boiling water bath for 15 minutes,
then immediately chilled on ice, followed by
centrifugation for 10 minutes at 13,000 RPM. The
supernatant served as a template for multiplex PCR
reactions.

For PCR, specific primers (Biosearch Technologies,
California., USA) were employed to amplify blaypw.1,
blay, and blaype, which encode for metallo-i-
Lactamase, in addition to blaxpc and blapgxa.sg Which
encode for serine carbapenemase '* *° (Table S1,
supplementary material). Three multiplex PCR
reactions were caried out; the first one employed the
primers for the 3 metallo-R-lactamase genes, the second
employed the primers for the 2 serine carbapenemase
genes, and the third one was a confirmatory reaction
that employed primers of genes from the two groups to
confirm their co-existence.

Each 15 pl PCR reaction-mixture contained 7.5 pl of
HotStarTag DNA Polymerase (Qiagen, Valencia, CA,
USA), 0.5 pl of each primer (10 picomole), and 0.5 pl
of extracted DNA. The thermal cycling conditions for
all multiplex PCR reactions were 15 minutes of initial
denaturation at 95 °C, 35 cycles of denaturation at 94 °C
for 30 seconds, annealing at 55 °C for 40 seconds and
extension at 72 °C for 50 seconds, followed by 1 cycle
of final extension at 72 °C for 10 minutes.

Agarose gel electrophoresis using 1.5% (w/v)
agarose gel in TAE buffer (Tris-Acetate-EDTA) stained
with 0.5 pg/ml ethidium bromide was employed to
detect the amplified PCR products. Gene-specific bands
were identified by comparison against a 100 bp DNA
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ladder (ThermoScientific, California., USA). The bands
were visualized on a 302 nm UV-transilluminator.

Phenotypic tests (mCIM with eCIM) results were
correlated with PCR results, to evaluate their sensitivity
and specificity, and the added value of performing them
compared to mere screening for carbapenem resistance
by Kirby Bauer method followed by PCR-screening for
common carbapenemase-production genes.

RESULTS

Isolates identification and antimicrobial
susceptibility testing results

The 150 screened isolates of Enterobacterales included
K. pneumoniae 81/150 (54 %), E. coli 49/150 (32.7 %),
Klebsiella oxytoca 9/150 (6%), Citrobacter spp. 8/150
(5.3%), and Enterobacter spp. 3/150 (2%).

The highest resistance within the 150 isolates was to
penicillins,  cephalosporins, and  trimethoprim-
sulfamethoxazole, followed by fluroquinolones. The
numbers of isolates with resistance to aminoglycosides
and to carbapenems were similar (Table S2,
supplementary material).

Fifty-three isolates displayed reduced susceptibility to
carbapenems by Kirby Bauer method, and accordingly
were screened out for subsequent testing. Most CRE
were from urine (47.2%), then sputum (30.2%), pus
(9.4%), and blood (3.8%).

The 53 CRE displayed marked resistance to most
classes of antibiotics. Apart from resistance to B-lactam
drugs, resistance to the fluroquinolones was the highest,
followed by resistance to trimethoprim-
sulfamethoxazole, tetracyclines, and aminoglycosides
(Table S3, supplementary material).

K. pneumoniae was the commonest among CRE
37/53 (70%) mainly preceding E. coli 15/53 (28%). The
remaining isolate of CRE was identified as K. oxytoca
1/53 (2%).

Results of phenotypic testing by mCIM with eCIM

Detection of carbapenemase and determination of
the category of carbapenemase produced by mCIM with
eCIM tests could be achieved for only 44/53 CRE
(83%).

Carbapenemase production tests (mCIM with
eCIM) results revealed that 28 (52.8%) isolates were
metallo-p-lactamase producers (Fig. 1), including 19
isolates of K. pneumoniae and 9 isolates of E. coli. On
the other hand, 16 (30.2%) isolates were producers of
serine carbapenemase (Fig. 2), including 15 isolates of
K. pneumoniae and 1 isolate of K. oxytoca. Five isolates
(9.4%) gave inconclusive results, and 4 isolates (7.5%)
were carbapenemase negative by phenotypic tests (Fig.
2) despite being unsusceptible to carbapenems by disk
diffusion method. A statistically significant association
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between bacterial species and carbapenemase
production was detected, p < .001 (Table 1).

Fig. 1: Metallo-B-lactamase production by the mCIM
with eCIM test. Muller Hinton agar plate is inoculated
by E. coli ATCC® 25922. Meropenem disks immersed
and 4 hours incubated (37 °C) with isolate 1 (upper part)
and 2 (Lower part) show inactivation of the disk by
carbapenemase (right), and inhibition of carbapenemase
by EDTA (left).

Fig. 2: Serine carbapenemase production mCIM with
eCIM test (lower part). Muller Hinton agar plate is
inoculated by E. coli ATCC® 25922. Meropenem disks
were immersed and 4 hours incubated (37 °C) with
isolate 72 (lower part) and isolate 89 (upper part).
Meropenem disk was inactivated by carbapenemase
production by isolate 72 (right) with failure of
carbapenemase inhibition by EDTA (left). Isolate 89
(upper part) was negative for carbapenemase production
with failure of inactivation of meropenem disk as
indicated by the zone diameter (>19mm).
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Table 1:Relationship between the species of Enterobacterales and the result of phenotypic detection of

carbapenemase production by mCIM with eCIM tests

Carbapenemase production by mCIM with eCIM test
. Serine Metallo-pB- Negative Inconclusive 2a MC,, b
En tgggg:cg:ales Carbapenemase lactamase (n=4) (n=5) X P
(n=16) (n=28)

No. % No. % No. % No. %
K. pneumoniae (n=37) 15 93.6 19 67.9 3 75.0 0 0.0 . N
E. coli (n=15) 0 0.0 9 32.14 1 25.0 5 100.0 | 22,576 | <.001
K. oxytoca (n=1) 1 6.3 0 0.0 0 0.0 0 0.0
Total No. (%0) 53 (100.0)

4% Chi square test

® MC: Monte Carlo, p: p value for comparing between different categories

*: Statistically significant at p <.05

Results of PCR detection of carbapenemase genes

All 53 carbapenem-resistant isolates by disk
diffusion method harbored at least one of the 5 common
carbapenemase genes.

Amplification of the 3 Metallo-B-lactamases genes
(blanpm-1, blayiv, and blayyp) revealed the existence of
blayom-1 gene in 30/53 isolates (56.6%), whereas blayy,
and blayp were undetected in all isolates. As for the
serine PB-lactamase genes, blaoxa4s existed in 41/53
isolates (77.4%), while blaxpc was not amplified in any
of the tested CRE. Both of blaypy.; and blapxa.ss genes
co-existed in 18/53 isolates (34 %).

The blagxa.4g gene was amplified in 29/37 (78%) of
the carbapenem resistant K. pneumoniae, either alone in
15/37 (40.5%), or together with the blaypy.; in 14/37
(37.8%). The 8 remaining isolates of carbapenem
resistant K. pneumoniae (21.6%) carried only the
bIaNDM.l gene.

The gene blagxass Was found in 11/15 (73.3%)
carbapenem resistant E. coli. It was detected alone in
7/15 (46.7%), and alongside blaypm.i gene in 4/15
(26.7%). The blaypm.: gene was solely found in the
remaining 4 isolates of E. coli. The only isolate of
carbapenem resistant Klebsiella oxytoca carried blagya.
sggene (Table 2).

Table 2: Carbapenemase-encoding genes among different species of CRE

blaoxa-4s blakpc blanpm-1 blayim blayve blagxa-ss blanpm
(n=23) (n=0) (n=12) (n=0) (n=0) (n=18)
No. % No. % No. % No. % No. % No. %
E. coli (n=15) 7 30.4 0 0.0 4 33.3 0 0.0 0 0.0 4 22.2
K. pneumoniae (n=37) 15 | 65.2 0 0.0 8 66.7 0 0.0 0 0.0 14 77.8
K. oxytoca (n=1) 1 4.4 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0
Total No. (%) 53 (100.0)

Correlation between phenotypic and genotypic
results

blaypm: gene alone was detected in 8 isolates
phenotypically identified as metallo-beta-lactamase
producers, 2 isolates phenotypically identified as serine
carbapenemase producers, 1 isolate negative for
carbapenemase production phenotypically by mCIM
with eCIM tests and 1 isolate with inconclusive result
by these phenotypic tests.

blapxa4s gene alone was found in 14 isolates
phenotypically identified as serine beta-lactamase
producers. It was also detected in 2 metallo-beta-
lactamase producers, 3 isolates negative for B-lactamase
production and 4 isolates with inconclusive results by
mCIM and eCIM.

Both blaypw1 and blapgxasg were found in 18
Metallo-B-lactamase producers (Fig. 3), but the 2 genes

did not co-exist in any of the serine beta-lactamase
producers or any of the CRE with negative or
inconclusive results.

The existence of blagxaqs gene was statistically
significantly higher among isolates displaying the serine
carbapenemase (P < .001). The co-existence of the two
genes blaypm.: and blagxa4g together was statistically
significantly higher among isolates displaying metallo--
lactamase production phenotypically (P < .001). Regarding
the genotypic findings in the isolates with negative and
inconclusive phenotypic test results, we found that among
the 4 isolates which were negative, 1 (25.0%) was carrying
blanpm-1 gene, and 3 (75.0%) were carrying blaoya.4g gene.
As for the 5 isolates with inconclusive phenotypic results;
1 (20.0%) was carrying blaypm.1 gene, and 4 (80.0%) were
carrying blaoxa.4g gene (Table 3).
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Fig. 3: Ethidium bromide-stained agarose gel showing amplicons from multiplex PCR of metallo-B-lactamase and
serine carbapenemase genes and the 100bp DNA ladder (L) (ThermoScientific, California., USA). Bands of blaypwm.1
(621 bp) are detected alone in isolates (1,2,13, and 24). Bands of blapxa.4s (438 bp) are detected alone in isolates
(8,9,15,16, and 19). Both bands are detected in isolates (7,10, and 30).

Table 3: The Relationship between Phenotypic test (mCIM with eCIM) and Genotypic test results among

carbapenem-resistant Enterobacterales

Phenotypic mCIM with eCIM test result
. Serine Metallo-p- Negative Inconclusive
MUItr'gSi(tSPCR carbapenemase lactamase (n=4) (n=5) xe MCp®
(n=16) (n=28)
No. % No. % No. % No. %
blanpws (n=12) | 2 125 8 286 |1 250 |1 20.0 | 1.736 0.708
blay;y (n=0) 0 0.0 0 0.0 0 0.0 0 0.0 — —
blajyp (n=0) 0 0.0 0 0.0 0 0.0 0 0.0 — —
blaoxass (1=23) | 14 87.5 2 714 |3 750 |4 80.0 | 34.264" | <.001
blakpc (n=0) 0 0.0 0 0.0 0 0.0 0 0.0 — -
blagxa.4s and 0 0.0 18 [643 [0 0.0 0 0.0 24.660° | <.001
blanpm-1 (N=18)
Total No. (%) 53 (100.0)

2x2: Chi square test

® MC: Monte Carlo, p: p value for comparing between different categories
*: Statistically significant at p <.05

Calculation of the sensitivity and specificity of mCIM
with eCIM phenotypic tests

The sensitivity of mCIM with eCIM tests for
detecting serine carbapenemase potential producers was
calculated to be 34.14 %, whereas their specificity was
83.33%. The positive predictive value (PPV) was

87.5%, and the negative predictive value (NPV) was
27.03 %. On the other hand, the sensitivity of these tests
for detection of Metallo-p-lactamase production was
86.67%, and their specificity was 91.3 %. Their PPV
was 92.86 %, and the NPV was 84% (Table 4).

Table 4: Sensitivity and specificity of mCIM with eCIM for detecting serine carbapenemase and metallo-p-
lactamase potential producers

TP2 [ FP | FN© | TNY | Sensitivity | Specificity | PPV ® NPV |
° (%) (%) (%) (%)
Serine carbapenemase o o 0 o
production by mCIM with eCIM 14 2 27 10 34.14 % 83.33% 87.5% 27.03 %
Metallo-B-lactamase production o 0 o o
by mCIM with eCIM 26 2 4 21 86.67% 91.3% 92.86 % 84%
aTP: true positive, ° FP: false positive, ¢ FN: false negative, “ TN: true negative
® PPV: positive predictive value, "NPV: negative predictive value
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DISCUSSION

Despite  their ~ documented  broad-spectrum
antimicrobial effect against Enterobacterales and many
other species of medically important bacteria,
carbapenems are increasingly becoming ineffective
antibacterial drugs against clinical isolates of
Enterobacterales, particularly in geographic regions
where the prescription of antimicrobials is unrestricted.
This is appertaining to the rapidly rising incidence of
resistance to these drugs, with an associated increase in
morbidity and mortality ?*. CRE are commonly isolated
from healthcare-associated infections and also
community-acquired infections. Horizontal transfer of
carbapenemase genes widely occurs whilst CRE
clonally spread from an infected patient to another %.

Timely and reliable identification of CRE in the
microbiology laboratory is indispensable for limiting
their spread, by initiation of an alternative effective
therapeutic plan %,

Historically, the CLSI recommended the “modified
Hodge test” as confirmatory tests for Carbapenemase-
production . However, starting from 2009, it has been
declined. Meanwhile, the CLSI still recommend
phenotypic tests such as mCIM with eCIM for
epidemiologic surveillance of isolates with low
susceptibility to carbapenems *’.

With carbapenemase production being the most
wide-spread resistance mechanism to carbapenems in
Enterobacterales, and considering the sufficient
sensitivity of Kirby Bauer method to detect
insusceptibility to carbapenems ®; this study aimed to
assess the sensitivity, specificity, and added value of
performing mCIM with eCIM in identifying
carbapenemase production and differentiation between
serine-carbapenemase and Metallo-B-lactamase
enzymes  produced by clinical isolates  of
Enterobacterales.

Relying on the updated CLSI breakpoints for testing
the susceptibility of bacteria to carbapenems by Kirby
Bauer method has been reported to be of a satisfactory
level of sensitivity and specificity. In this aspect,
meropenem is preferred to imipenem and ertapenem as
an indicator drug. This is owing to Imipenem’s liability
to resistance by various mechanisms, while Ertapenem
being less liable to hydrolysis by non-KPC
carbapenemase %> ?*. Consistently, our results revealed a
slightly higher degree of resistance to Imipenem and
Ertapenem (35.3%) compared with Meropenem (34%)
by Kirby Bauer method. Owing to the negligible
difference, all isolates displaying resistance to any of
the 3 carbapenem drugs were screened out as CRE, for
subsequent phenotypic and genotypic analysis.

The marked resistance to antimicrobials among
Enterobacterales, and the relatively high abundance of
carbapenem resistance is a common problem in Egypt.

42

Two recent Egyptian studies in Suez and Cairo
governorates reported that carbapenems’ resistance was
34% in the former, which is like our results, and it
ranged from 57% to 66.8% in the latter %> %,

Egypt may be considered as the African country with
the highest spread of CRE. Several studies from other
African countries reported the prevalence of CRE to be
28.6% in Uganda */, 15.2% in Nigeria % 12.12% in
Ethiopia .

Meanwhile, aminoglycosides and fluroquinolones
cannot be used as a frontline therapy for CRE, a fact
that further limits the available treatment choices for
infection by these multidrug resistant organisms. The
marked  resistance to  aminoglycosides  and
fluroquinolones encountered with our 53 CRE was
similarly reported in other Egyptian studies and in
studies from several regions around the world. In Cairo,
it was reported that 93.3% of their CRE resisted
aminoglycosides, and 80% were resistant to
fluroquinolones *°. In addition, a study in Italy reported
elevated resistance to aminoglycosides among CRE,
that was approaching 80% 3'. Moreover, a study in
Shanghai reported that the susceptibility of their CRE
isolates to aminoglycosides did not exceed 13 % *.

The prevalence of serine and metallo B-lactamase
production in CRE is highly subject to regional
variation. The phenotypic subcategorization of our
isolates based on the mCIM with eCIM test results
revealed that the production of Metallo-p-lactamase
(52.8%) was higher than serine B-lactamase (30.2%).
Meanwhile, another Egyptian study stated that Serine-
carbapenemase was produced by 37.2 % of their CRE
examined isolates, while 30.2% produced Metallo-p-
lactamase %. Meanwhile, in Taiwan, Wang et al.
reported 61.35% of their CRE isolates were Serine-
carbapenemase producers, while only 12.9% were
metallo-p-lactamase producers by mCIM with eCIM
tests *%. Similarly, in Austria, Segagni Lusignani
reported that among their CRE isolates, 63.8% produced
serine carbapenemase and only 27.6% produced
Metallo-B-lactamase **.

Among the 53 CRE in our study, Klebsiella
pneumoniae was the most predominant species,
representing 69.8%, followed by E. coli (28.3%) and
Klebsiella oxytoca (1.9%). Similarly, in Turkey, Baran
and Aksu reported that the most common CRE species
was Klebsiella pneumoniae (38.12 %), followed by E.
coli (7.18 %) and Klebsiella oxytoca (0.55 %) *. On the
contrary, a study in Nigeria reported that the most
common CRE species were K. oxytoca 41%, then K.
pneumoniae 32% and E. coli 27% *°.

At the genome level, PCR detection of the 5
common carbapenemase-encoding genes revealed that
43.4% of our CRE carried the blagya.4g gene solely, 34%
carried both blaypw.: and blagxass genes, and 22.6%
carried blaypy.; gene. The blayy, blaye and blagpc
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genes were not amplified in any of the CRE under
study. Similarly, a study in Cairo reported that the
genes blaypm.1 and blagxa.4g Were the most predominant,
and none of their isolates carried bla;yp nor blagpc
genes. However, blayy was amplified at a low
incidence (2.3%) among their isolates *’. Similar results
were encountered with other studies in Egypt, Saudi
Arabia, and Turkey % % 3 3841

In Uganda, however, the 5 genes under study were
detected in CRE. The most prevailing gene was blayy
(107%), followed by bIaOXA_48 (97%), b|a|Mp (61%),
blakec (5.1%), and blanpu-: (2.6%) . Meanwhile, it was
reported in China that blaxpc was the most amplified
carbapenemase gene in K. pneumoniae (77%), while
blaypm.1 Was predominant in E. cloacae (53%) and E.
coli (75%) .

Correlation between phenotypic and genotypic test
results of our 53 CRE revealed that out of the 16
isolates displaying serine carbapenemase
phenotypically, 14 (87.5%) were carrying blapya.4s gene,
and 2 (12.5%) were solely carrying the metallo-p-
lactamase encoding gene blaypmi. The phenotypic
expression of serine carbapenemase by the latter 2
isolates might be explained by the existence of other
genes that encode for serine carbapenemase which were
preferentially expressed over the blaypy.: gene. In this
case the existence of blaypw: without being
preferentially expressed has resulted in false negative
phenotypic result for metallo-p-lactamase enzyme
production by mCIM with eCIM test.

Out of the 28 metallo-B-lactamase producing isolates
phenotypically, only 8 (28.6%) were solely carrying the
blaxpm:  gene, while 2 (7.14%) were carrying solely
the serine carbapenemase encoding blagxa.4g gene. This
might also be explained by the existence of other genes
that encode for metallo-B-lactamase in these 2 isolates
which were preferentially expressed over the blagya.ss
gene. In this case the presence of blagxa.4s gene without
being expressed has resulted in false negative
phenotypic result for serine carbapenemase enzyme by
mCIM with eCIM test.

Most of CRE identified as metallo-B-lactamase
producers phenotypically (18/28, 64.3%) were carrying
the 2 genes blaypym.: and blapgxass together. This
indicated that when a bacterial isolate carries both
genes, it usually tests positive for metallo-p-lactamase
enzyme phenotypically by mCIM with eCIM tests, and
this was statistically significant (P < .001). Thus, with
the co-production of a serine carbapenemase and a
metallo-p-lactamase by the same  organism,
differentiation between enzymes is not achievable by
this phenotypic method. The limited sensitivity of the
CIM in detecting both blaypy.: and blaoyxass type
producers was previously reported >,

Regarding PCR deciphering of the determinants
behind the insusceptibility to carbapenems in isolates
with negative and inconclusive phenotypic test results;
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among the 4 isolates that tested negative phenotypically,
1 (25.0%) was carrying blaypw.1 gene, and 3 (75.0%)
were carrying blapyass gene, inferring that this was a
false negative result. PCR assessment of the 5 isolates
with inconclusive phenotypic test results also revealed
that 1 isolate (20.0%) was carrying blaypm.: gene, and 4
(80.0%) were carrying blapxa-ss gene. This reflects the
relatively limited capability of the mCIM with eCIM
method in detecting carbapenemase enzyme production.

Our calculated sensitivity and specificity values for
serine-carbapenemase detection by mCIM were 34.14%
and 83.33% respectively. The percentages were higher
for metallo-p-lactamase detection by mCIM with eCIM,
as they were 86.67% and 91.3 %, respectively. Overall,
these values are less than those reported by previous
studies. For instance, Tsai et al. * reported sensitivity
and specificity values of 100% for serine-
carbapenemase detection by mCIM, and a sensitivity of
89.3% for metallo-f-lactamase detection by mCIM with
eCIM, with 98.7% specificity. Similarly, Hu et al. *
reported results of 100% for sensitivity and specificity
of mCIM in detecting serine carbapenemase, and the
same value for the specificity of metallo-B-lactamase
detection by mCIM with eCIM tests. Their reported
sensitivity for the latter test was 92.9%.

CONCLUSION

Accordingly, the negative and inconclusive results
of carbapenemase phenotypic detection tests (mCIM
with eCIM) in some isolates (9/53, 17%) cannot be
guaranteed as true negative and cannot be ignored, as
the isolates at the genome level did carry the genes of
carbapenemase enzymes and were not susceptible to
inhibition by carbapenems by Kirby Bauer method.

Molecular  amplification of the common
carbapenemase-encoding genes is much more reliable in
detecting the categories of carbapenemases produced by
bacteria that display insusceptibility to carbapenems.
This might lead to the conclusion that carbapenem
susceptibility testing by Kirby Bauer method might be
sufficient to point to the possibility of production of
carbapenemase enzymes by Enterobacterales, and the
phenotypic tests mCIM with eCIM could lead to
confounding results and false conclusions about the
category of carbapenemase produced by CRE.
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