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Abstract

Introduction: MBL generating Pseudomonas aeruginosa (MBL-PA) have a significant clinical problem that poses a significant obstacle to antimicrobial
therapy.

Aim: The aim of this study was to detect the metallo-B-lactamase (MBL) production in meropenem (MRP) resistant P.aeruginosa isolates.

Materials and Methods: The research was carried out between August 2013 and July 2014. The study includes strains of Pseudomonas aeruginosa that were
obtained from a variety of clinical specimens at the Coimbatore Medical College's Department of Microbiology. There were around 211 isolates found. In
order to demonstrate which phenotypic test was the most dependable for the prompt identification of MBL from meropenem-resistant isolates, the study aimed
to ascertain the prevalence of MBL from pseudomonad isolates and compare the Modified Hodge Test (MHT), Combined disc test (CDT), and Double Disc
synergy test (DDST) with the E-test.

Results: The prevalence of MBL in P.aeruginosa isolates was 7.11%. The majority of meropenem resistant isolates produces MBL. Of the four phenotypic
tests, the E test alone had the highest sensitivity (100%) and specificity (100%) as well as the highest positive predictive value (100%) among all four tests.
Conclusions: The E-test was the most effective and trustworthy phenotypic test that allowed for detection of the isolate's MIC (minimum inhibitory
concentration) value. The next more dependable tests for detecting MBL after the E-test were CDT and DDST, which were followed by MHT.
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increased rates of morbidity and mortality as well as the

1. Introduction )
failure of carbapenem therapy.*¢

Particularly in medical environments, the rise of

Pseudomonas aeruginosa strains that generate MBL type There are four kinds of B-lactamases: class B needs a
carbapenemases is a serious worry. Infections brought on by ~ bivalent metal zinc ion to function, whereas classes A, C, and
multidrug-resistant bacteria are frequently treated with D use a serine-based mechanism for MBL.” The most
carbapenems as a last resort.’®> Numerous complex  concerning of these processes is the appearance of
infections, including bloodstream infections (BSls), P.aeruginosa acquired MBL, which presents a major risk
pneumonia/ventilator-associated pneumonia (VAP), and during infection management.® Following Japan's 1991
severe burns in hospitalized patients, particularly those in  revelation, many other countries reported MBL resistance.’
intensive care units (ICUs), have been linked to MBL-PA ~ MBL-PA was initially discovered in India in 2002'° and the
infections. These infections have also been linked to percentage of MBL-PA varies from 7-65%. The mortality

rate from MBL-PA varied from 70-90%.!
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MBL have the ability to hydrolyze all B-lactam
antibiotics, save monobactams, such as penicillin,
cephamycins, cephalosporins, B-lactams with B-lactamase
inhibitors, and carbapenems.'? The MBL genes are presented
in mobile genetic elements including integrons, transposons,
and plasmids that may move within and across species.
Clinical outcomes are poor when people with MBL-PA are
treated with B-lactam antibiotics.*3 Therefore, early diagnosis
of P.aeruginosa that produces MBL is essential. A
fundamental tenet of infectious disease management is
diagnostic stewardship, which grants physicians and clinical
microbiologists the power to choose the best phenotypic
assays for MBL identification. The main objective was to
separate and validate the Pseudomonas aeruginosa isolates
from different clinical samples using the proper biochemical
responses and recording the microbiological profile of the
same. Comparing the E-test findings with those of other
phenotypic test techniques, such as the Double Disc Synergy
Test (DDST), Combined Disc Test (CDT), and Modified
Hodge Test (MHT), was the secondary goal.

2. Materials and Methods

A cross-sectional prospective study was carried out in the
Department of Microbiology at the Tertiary care Hospital in
Coimbatore, Tamil Nadu, India, between August 2013 and
July 2014. The Institutional Review Board (IRB) Committee
gave its approval to the study (Number 36/2013/MICRO). It
was reasonable to waive consent. About 211 Pseudomonas
aeruginosa isolates were obtained from a variety of materials,
such as sputum, urine, blood, auditory swabs, wound swabs,
catheter tips, and pus. Following inoculation onto
MacConkey and Blood agar, each sample was incubated at
37°C for the whole night. Using brain-heart infusion broth,
catheter tip culture and blood were carried out and cultured
for a whole night. The colonies on MacConkey agar that did
not ferment lactose and tested positive for catalase and
oxidase were being identified by further processing.
Biochemically confirmed isolates of Pseudomonas
aeruginosa were subjected to Kirby-Bauer susceptibility
testing.'4

2.1. Exclusion and inclusion criteria

The study comprised isolates of Pseudomonas aeruginosa
that were resistant to meropenem (zone of inhibition <15
mm),’® and they were tested using phenotypic techniques to
identify MBL. The antibiotic discs were acquired from
Mumbai's Hi-Media Laboratories Ltd. The control strain was
used P.aeruginosa ATCC27853. For susceptibility testing,
antibiogram discs containing 30 pg of ceftazidime, 10 pg of
gentamicin, 30 pg of amikacin, 5 pg of ciprofloxacin, 5 pug of
ofloxacin, 75/30 pg of cefaperazone-sulbactam, 10 pg of
meropenem, 10 upg of tobramycin, 100/10 pg of
piperacillin/tazobactam, 10 pg of cefepime, and 30 pg of
aztreonam were used. In accordance with the 2013 CLSI
recommendations, the zone's diameter was measured and
classified as susceptible, resistant and intermediate.!*

Antibiotic resistance and susceptibility percentages were
noted. The study did not include culture-negative samples,
isolates of Pseudomonas aeruginosa that were susceptible to
meropenem, or culture-positive clinical isolates that were not
Pseudomonas aeruginosa.

2.1.1. The modified Hodge test

Muller-Hinton agar (MHA) was used to cultivate a lawn
culture of 0.5 McFarland's standard E. coli ATCC 25922 at a
1:10 dilution. A 10pg Hi-Media meropenem disc was placed
in the plate's middle. Meropenem-resistant P.aeruginosa test
isolates were dispersed from the disc edge to the plate's edge
in four different methods. The plates were inspected for a
"clover-leaf" shaped zone of inhibition during an overnight
incubation period, which signified MHT positive [Figure
1a]. This test allows for the testing of four distinct isolates on
a single plate. No clover leaf indentation indicates the test
isolate was MBL negative [Figure 1b].%°

2.1.2. Imipenem and imipenem with EDTA Combined disc
test (CDT)

MBL-producing isolates were phenotypically identified
using a combination disc containing 10ug of imipenem, and
MBL substrate such as 750ug of ethylenediamine tetra-acetic
acid (EDTA), an MBL inhibitor. The imipenem-EDTA
combination disc's zone of inhibition is more than 7 mm
larger than that of imipenem alone, which determines the
phenotypic expression of MBL.*®

2.1.3. The Meropenem double disc synergy test (DDST) with
and without EDTA

Lawn culture was used to inoculate the MHA plate with the
organism of investigation. A 10 pg Meropenem disc was
placed on the MHA plate 20 mm center to center from the
blank disc, which contains 10uL of 0.5M EDTA, in order to
get the required 750ug concentration. If the inhibitory zone
between the Meropenem and EDTA discs increased by > 5
mm during the overnight incubation, the test was considered
positive and the test organism was producing MBL [Figure
2a]. If the zone size difference is <6mm indicating that the
test organism does not produce MBL [Figure 2b].1
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Figure 1: Modified Hodge test; a: MBL positive; b: MBL
negative
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Figure 2: Double disc synergy test; a: MBL positive; b:
MBL negative
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Figure 3: Ezy E-strip MIC gradient test with & without
EDTA

2.1.4. Epsilometer or E test (Ezy MIC Strips)
Meropenem with & without EDTA e-strip.

This particular Phenotypic MBL detection test was
typical in that it uses a single strip coated with a combination
of Meropenem + EDTA with gradient concentrations of 1-
64pg/ml and Meropenem with gradient concentrations of 4-
256pg/ml, purchased from Mumbai's Hi Media Laboratories.
Meropenem + EDTA is present in the top half, with the
highest concentration tapering lower, whereas Meropenem
was similarly covered in the bottom half in the opposite
direction of the concentration gradient.!” After overnight
incubation, MHA plate's MIC values were noted (Table 3).

a. MIC of Meropenem strip
b. MIC Concentration of MRP + EDTA strip.
c. Ratio of MRP / MRP + EDTA strip.

2.2. Sample size calculation

Pseudomonas aeruginosa that produces carbapenemase was
found in 23.5%of Indian cases.® The formula n=22p (1-p)/e?
was used to determine the sample size, where ‘e’ is the
margin of error (0.05= + 5%) and "Z" is the value for the
associated confidence level (Cl), which is 1.96 for 95% CI.
and p is the estimated value for the proportion of a sample
that have the condition of interest. n= (1.96) 2x 0.297 x (1 -
0.297) / (0.05) 2 = 276 sample size calculated. As because of
it was a time bound study, the sample size was restricted into
211.

2.3. Statistical analysis

The software, IBM Version 28.0 of the SPSS, based in
Chicago, USA was utilized to examine the data. A 95%
confidence interval was used to determine the odds ratios and
p-values for statistical significance. If the p-value was less
than 0.05, the proportionate difference was deemed
statistically significant, and the findings were interpreted
accordingly.

3. Results

About 211 isolates of Pseudomonas aeruginosa were
obtained for the study from a variety of clinical samples. A
maximum of 50 isolates (23.7%) were found in the age group
of those over 60. Males made up 143 (67.77%) of the
specimens, while females made up 68 (32.23%). 2.1:1 was
the male to female sex ratio.(Table 2)

The most resistant drug among all Pseudomonal isolates
(n=211) was ceftazidime (71.09%), followed by gentamicin
(36.02%) and ciprofloxacin (46.45%). In urine isolates
(n=21), nitrofurantoin exhibited the greatest resistance
(80.95%). All the antibiotics under investigation were
statistically significant.

A disc diffusion screening test revealed that 16 (7.58%)
of the 211 pseudomonad isolates were meropenem resistant.
MIC of Meropenem for the MBL-PA isolates (Table 3) that
ranged from 24 to 256 pg. As stated in the technique, isolates
that tested screening positive for MBL production
[16(7.58%)] underwent MIC detection using the Ezy E-strip
method in conjunction with EDTA. Approximately 15
isolates (93.75%) were confirmed by the E-strip test as MBL
producers. The disc diffusion screening technique revealed
that one isolate (6.25%) was an MBL false positive.

The prevalence of MBL-PA was observed as 7.11%.
9(60%) and 6(40%) of the 15 MBL-positive isolates were
identified in men and females respectively. The ratio of males
to females was 3:2. The majority of isolates that produced
MBL (23.69%) were discovered in the over-60 age group.

The majority [14 (93.33%)] of the 15 isolates that
produced MBL were taken from inpatients. The majority of
MBL-producing isolates were derived from pus sample
11(73.33%), with burn swab cases 2 (13.33%) coming in
second.(Table 4)

All B-lactam antibiotics were 100% resistant to the
isolates that produced MBL. One MBL-producing isolate that
was separated from a urine sample was also resistant to
nitrofurantoin, norfloxacin, and ofloxacin (Table 4). The
most efficient antibiotics against MBL producers were
determined to be gentamicin and ciprofloxacin, with results
showing statistical significance ('p' value <0.05) (Table 4).
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Table 1: Interpretation of Ezy MIC strip test

MBL Positive | MRP/ MRP + EDTA = >8 When the ratio of the value obtained for Meropenem (MRP) and the
isolate! value of Meropenem with EDTA (MRP+EDTA) was more than to 8,
MRP/ MRP + EDTA= >256/<64 | OR
If zone was observed on the side coated with Meropenem + EDTA &
MRP/ MRP + EDTA = >256/<1 | no zone is observed on the opposite the side coated with Meropenem,
interpret the culture as MBL positive. [Figure 3a]
MBL MRP/ MRP + EDTA <8 When the ratio of the value obtained for Meropenem (MRP) and the
Negative value of Meropenem with EDTA (MRP+EDTA) was less than or
isolate! equal to 8. (Figure 3b).
MIC- Minimum inhibitory concentration, EDTA- Ethylene diamine tetra-acetic acid, MRP-Meropenem.

Table 2: Pseudomonas aeruginosa - Microbiological profile.

Antibiotics Pseudomonas aeruginosa Isolates (n=211)
Sensitivity Resistance Chi-square ‘p’ value S/ NS
Number (%0) Number (%0) test
Amikacin 143(67.77%) 68(32.23%) 12.16 0.001 S
Gentamicin 135(63.98%) 76(36.02%) 44.78 <0.001 S
Tobramycin 137(64.93%) 74(35.07%) 11.86 0.001 S
Ciprofloxacin 113(53.55%) 98(46.45%) 10.36 0.001 S
Ceftazidime 61(28.91%) 150(71.09%) 43.66 0.001 S
Cefaperazone Sulbactum 137(64.93%) 74(35.07%) 11.82 0.001 S
Cefipime 148(70.14%) 63(29.86%) 42.2 0.001 S
Meropenem 195(92.42%) 16(7.58%) 355 0.001 S
Aztreonam 162(76.78%) 49(23.22%) 43.7 <0.001 S
Piperacillin Tazobactum 171(81.04%) 40(18.96%) 455 <0.001 S
Urine isolates (n=21)
Ofloxacin 16 (76.2%) 5 (23.8%) 225 <0.001 S
Norfloxacin 6(28.57%) 15(71.43%) 22.25 0.001 S
Nitrofurantoin 4(19.05%) 17(80.95%) 24.46 <0.001 S
S-Significant, NS-Not significant
Table 3: MIC of the isolates resistant to meropenem
Meropenem resistant isolate MIC of MIC of MRP Ratio of MRP / MBL
MRP +EDTA MRP + EDTA confirmation

1 >256 4 >8 Yes

2 64 1 >8 Yes

3 24 <1 >8 Yes

4 256 2 >8 Yes

5 96 15 >8 Yes

6 256 2 >8 Yes

7 128 4 >8 Yes

8 96 15 >8 Yes

9 >256 16 >8 Yes

10 64 16 <8 No

11 24 <1 >8 Yes

12 >256 2 >8 Yes

13 128 4 >8 Yes

14 48 <1 >8 Yes

15 >256 16 >8 Yes

16 128 15 >8 Yes

MIC- Minimum inhibitory concentration, EDTA- Ethylene diamine tetraacetic acid, MBL-Metallo beta-lactamase.
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Table 4: Pattern of antibiotic resistance in isolates that produce MBL
Antibiotics MBL producers (n =15) ‘p’ value | SINS
Sensitive Percentage Resistance Percentage
(Number) (%) (Number) (%)
Amikacin 5 33.33% 10 66.67% 0.067 NS
Gentamicin 14 93.33% 1 6.66% <0.05 S
Tobramycin 0 NA 15 100% NA NA
Ciprofloxacin 14 93.33% 1 6.66% <0.05 S
Ceftazidime 0 NA 15 100% NA NA
Cefaperazone Sulbactum 0 NA 15 100% NA NA
Cefipime 0 NA 15 100% NA NA
Meropenem 0 NA 15 100% NA NA
Aztreonam 13 86.67% 2 13.33% 0.002 S
Piperacillin Tazobactum 0 NA 15 100% NA NA
Urine isolates:
Ofloxacin 0 NA 1 100% NA NA
Norfloxacin 0 NA 1 100% NA NA
Nitrofurantoin 0 NA 1 100% NA NA
S-Significant, NS-Not Significant, NA-Not Applicable.
Table 5: Comparing the MHT to the "E" test
MHT E test Total Odd’s ‘p’ value SINS
Positive Negative ratio
Positive 12 0 12
Negative 3 0 3 3.57 0.044 S
Total 15 0 15
MHT - Sensitivity 80 %, Specificity 80% and positive predictive value 100%,
Table 6: Comparing the CDT to the ‘E’ test.
Combined disc test (IMP & E test Total 0Odd’s ‘p’ value SINS
IMP + EDTA) Positive Negative Ratio
Positive 13 0 13
Negative 2 0 2 54 0.042 S
Total 15 0 15
Combined disc Test method: Sensitivity 86.67 %, specificity 86.67 % and PPV 100%.
Table 7: Comparing the DDST to the ‘E’ test.
Combined disc test (MRP & E test Total 0Odd’s Ratio ‘p’ value SINS
MRP+EDTA) Positive Negative
Positive 13 0 13
Negative 2 0 2 54 0.042 S
Total 15 0 15

Sensitivity of Double disc synergy test 86.67 %, Specificity 86.67 % and PPV 100%.

Table 8: Comparison of all phenotypic tests

Test Sensitivity Specificity Positive predictive value Confidence Interval (C.1.)
MHT 80 % 80% 100% 0.95
CDT 86.67% 86.67 % 100% 0.95
DDST 86.67% 86.67%. 100% 0.95
E-test 100% 100% 100% 0.95
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(Table 5-7); MedCalc Software Ltd. Odds ratio
calculator was used to detect odds ratio and ‘p’ value.
https://www.medcalc.org/calc/odds_ratio.php
(Version23.0.9).

Among all the four phenotypic tests, the maximum
sensitivity (100%) and the maximum specificity (100%) and
maximum positive predictive value (100%) were observed by
E test (Table 8) alone. E-test was the most efficient and
reliable phenotypic test through which MIC value of the
isolate can be detected with the C.I. value of 0.95. The next
more dependable tests for detecting MBL after the E-test
were CDT and DDST, which were followed by MHT. The
sensitivity and specificity of MHT are the lowest.

4. Discussion

MBL-PA has become a major source of potentially deadly
Gram-negative hospital-acquired infections because MBL
hydrolyzes all classes of B-lactam antibiotics, which has been
shown to play a major role in the horizontal transmission of
MBL genes to other hospital pathogens.?® which found to
play a significant part in the horizontal transmission of MBL
genes to other pathogens in hospitals. These days, the top
goals are not just therapy but also detection and
containment.? In light of the aforementioned viewpoint, the
study's objectives were to compare the results of the
phenotypic tests, determine the prevalence of MBL in isolates
of the same that were resistant to meropenem, and record
their antibiogram.

The results of this investigation indicated that hospital-
acquired infections are more likely to cause MBL because
P.aeruginosa isolates were more common among inpatients
(94.31%) than outpatients (5.69%).2* In sex wise distribution
of specimens, males were 143 (67.77%) and females were 68
(32.23%). Thus our study correlated with the study conducted
by Choudhary V et al®* and Kothari et al.,?> where they
reported from inpatients 88% and 92% respectively and
similar male dominance were reported by the same.

In this study, pus was the predominant specimen in both
Non-MBL(62.09%) and MBL(73.33%) producing isolates.
Similar results reported by Rani et al*® and Chowdhury RA et
al.?°

The percentage of P.aeruginosa isolates that produced
MBL in our investigation was 7.11%. According to reports,
the prevalence rate of MBL-PA in India ranges from 11% to
25%.2* Thus our study correlating with the study conducted
by Thaba et al?® and Chaudhary M et al?® which showed the
prevalence of 5.5%, and 8.7% respectively. Higher
prevalence of MBL-PA was detected in countries like Nepal
(69.8%)?" and Egypt (85%).% The reported numbers from this
study and those from other studies may vary depending on
the region, the kind of infection, the substantial use of
antibiotics, or the antibiotic treatment regimens at the
hospitals selected for the study.®

In this study, the MIC (done by Ezy strip test) of
Meropenem resistant isolates such as positive for MBL
producers were in the range from 24-256pg/ml [Figure 3a]. It
was calculated by the formula, MIC ratio of MRP/ MRP +
EDTA (Table 1). The MIC ratio of MRP/ MRP with EDTA
which was <8ug/ml considered as MBL negative, shown in
[Figure 3b]. With the highest (100%) sensitivity and
specificity, the E test thus produced the most accurate
findings. This is consistent with research by Deeba et al.®
and Rani et al.?®

Clinical microbiological labs must be able to distinguish
between MBL-PA and non-MBL-PA strains since MBL-PA
strains have a notably greater risk of treatment resistance. The
finding of MBL-PA isolates are linked to a greater hospital
case fatality rate and are more likely to produce invasive
illness than other meropenem-sensitive isolates.!

Ceftazidime (71.09%) was the most resistant medication
among all Non-MBL Pseudomonal isolates (n=211),
followed by Ciprofloxacin (46.45%) and Gentamicin
(36.02%) (Table 2). Similar resistance rates were found in
studies by Deeba et al®® and Kumar et al.?® It was highlighted
that greater resistance exhibited by Non MBL-PA strains
towards third-generation cephalosporins (ceftazidime),
which is frequently used to treat Pseudomonal infections.
However, poor treatment results have resulted from the
increasing occurrence of ceftazidime resistance.?

Among MRP resistant isolates, 93.75% (15/16) were
MBL producers (Table 3). The solitary false-positive result
might be the result of hyperproduction of AmpC and co-
production of cefotaximase extended spectrum B-lactamase
(CTX-M), which could lead to some hydrolysis of
carbapenems.®

Aztreonam is stable against MBLs. However, 86.67% of
the MBL-producing isolates were sensitive to aztreonam and
13.33% isolates were resistant to aztreonem (Table 4),
pointing to a potential connection with other resistance
mechanisms such activation of efflux systems, porin loss, or
permeability mutation.3*

In this study, MHT showed 80% sensitivity and 100%
Positive predictive value (Table 5). Thus our study
correlating with the study conducted by Tellis et al,% where
they reported with the sensitivity of 74.32% and 98.2% of
PPV.

According to Table 6, the Combined Disc Test's (CDT)
sensitivity, positive predictive value, and specificity were
86.67%, 100%, and 86.67%, respectively. On the other hand,
Qu TT et al.* reported that the Combined Disc Test had
100% sensitivity, positive predictive value, and specificity.
So combined disc diffusion test was one of the most reliable
test can be done in all small and medium sized laboratories
for the early detection of MBL enzymes, where Gene Xpert/
PCR was not available. Our study's combined disc diffusion
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test's decreased sensitivity was most likely caused by the
overproduction of AmpC/CTX-M enzymes.*

In this investigation, DDST demonstrated 86.67%
sensitivity, 100% PPV, and 86.67% specificity (Table 7).
This study is comparable to those of Tellis et al.® and
Franklin et al.*” The most reliable and efficient phenotypic
test for determining the isolate’s MIC (minimum inhibitory
concentration) value was the E-test. Following the E-test,
CDT and DDST were the next more reliable tests for
identifying MBL, and then MHT (Table 8).

5. Limitations of the Study

The lack of a Gene Xpert/PCR analysis for the confirmation
of phenotypic methodologies is a drawback of the current
study. Furthermore, our study did not use new phenotypic
carbapenemase detection techniques such the Carba M and
Carba NP test or eCIM/ mCIM, which were not advised
during this study period (2013) and are suggested by recent
CLSI guidelines.

6. Conclusion

The "E" test, a straightforward and affordable technique, has
to be implemented in every clinical microbiological
laboratory to support early MBL diagnosis and infection
management. Stringent infection control and antibiotic
stewardship programs should be employed in all healthcare
facility because these programs use the current antibacterial
arsenal to restrict the spread of resistance to other microbes
that produce MBL.

7. Conflict of Interest

None.

8. Source of Funding

None.

References

1. Mustafai MM, Hafeez M, Munawar S, Basha S, Rabaan AA,
Halwani MA, et al. Prevalence of Carbapenemase and Extended-
Spectrum B-Lactamase Producing Enterobacteriaceae: A Cross-
Sectional Study.  Antibiotics  (Basel).  2023;12(1):148.
https://doi.org/ 10.3390/antibiotics12010148.

2. Allel K, Day L, Hamilton A, Lin L, Furuya-Kanamori L, Moore CE,
et al. Global antimicrobial-resistance drivers: an ecological country-
level study at the human-animal interface. Lancet Planet Health.
2023;7(4):¢291-e303. https://doi.org/ 10.1016/S2542-
5196(23)00026-8.

3.  Biichler AC, Shahab SN, Severin JA, Vos MC, Voor In't Holt AF.
Outbreak investigations after identifying carbapenem-resistant
Pseudomonas aeruginosa: a systematic review. Antimicrob Resist
Infect Control. 2023;12(1):28. https://doi.org/ 10.1186/s13756-023-
01223-1.

4. WeiX, LiL, Li M, Liang H, He Y, Li S. Risk Factors and Outcomes
of  Patients  with  Carbapenem-Resistant  Pseudomonas
aeruginosa Bloodstream Infection. Infect Drug Resist.
2023;16:337-46. https://doi.org/ 10.2147/IDR.S396428.

5. Falcone M, Tiseo G, Carbonara S, Marino A, Di Caprio G, Carretta
A, et al. Advancing knowLedge on Antimicrobial Resistant

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

Infections Collaboration Network (ALARICO Network). Mortality
Attributable to Bloodstream Infections Caused by Different
Carbapenem-Resistant Gram-Negative Bacilli: Results From a
Nationwide Study in Italy (ALARICO Network). Clin Infect Dis.
2023;76(12):2059—69. https://doi.org/ 10.1093/cid/ciad100.

Huang W, Wei X, Xu G, Zhang X, Wang X. Carbapenem-
resistant Pseudomonas aeruginosa infections in critically 1ill
children: Prevalence, risk factors, and impact on outcome in a large
tertiary pediatric hospital of China. Front Public Health.
2023;11:1088262. https://doi.org/ 10.3389/fpubh.2023.1088262.
Hammoudi Halat D, Ayoub Moubareck C. The Current Burden of
Carbapenemases: Review of Significant Properties and
Dissemination among Gram-Negative Bacteria. Antibiotics (Basel).
2020;9(4):186. https://doi.org/10.3390/antibiotics9040186.
Giovagnorio F, De Vito A, Madeddu G, Parisi SG, Geremia N.
Resistance in Pseudomonas aeruginosa: A Narrative Review of
Antibiogram Interpretation and Emerging Treatments. Antibiotics
(Basel). 2023;12(11):1621.
https://doi.org/10.3390/antibiotics 12111621.

Cornaglia G, Giamarellou H, Rossolini GM. Metallo-B-lactamases:
a last frontier for B-lactams? Lancet Infect Dis. 2011;11(5):381-93.
https://doi.org/ 10.1016/S1473-3099(11)70056-1.

Navaneeth BV, Sridaran D, Sahay D, Belwadi MR. A preliminary
study on metallo-beta-lactamase producing Pseudomonas
aeruginosa in hospitalized patients. Indian J Med Res.
2002;116:264-7.

Zavascki AP, Barth AL, Gongalves AL, Moro AL, Fernandes JF,
Martins AF, et al. The influence of metallo-beta-lactamase
production on mortality in nosocomial Pseudomonas aeruginosa
infections. J  Antimicrob  Chemother. 2006;58(2):387-92.
https://doi.org/ 10.1093/jac/dk1239.

Zhao WH, Hu ZQ. Epidemiology and genetics of VIM-type metallo-
B-lactamases in Gram-negative bacilli. Future Microbiol.
2011;6(3):317-33. https://doi.org/ 10.2217/fmb.11.13.

Wang W, Wang X. Prevalence of metallo-p-lactamase genes
among Pseudomonas aeruginosa isolated from various clinical
samples in China. J Lab Med. 2020;44(4):197-203.
https://doi.org/10.1515/labmed-2019-0162

Clinical and laboratory standards institute (CLSI). M100-S13
performance standards for antimicrobial. Wayne, PA 19087, USA,
2013.

Sumathi S, Rangappa M, Salmani MP. Phenotypic Detection of
Metallo beta-Lactamase Producing Clinical Isolates of
Pseudomonas aeruginosa in a Tertiary Care Hospital in North
Karnataka India. Int J Pharm Clin Res. 2024;16(5):1111-5.
Ramanath K, Sharma MK, Rajput MS, Navdeep, Negi S, Bhate V.
An approach of phenotypic detection of metallo-beta lactamase
producing Pseudomonas aeruginosa: A study in Madhya Pradesh.
Med J DY Patil Vidyapeeth. 2023;16(3):403-9.
https://doi.org/10.4103/mjdrdypu.mjdrdypu_164 21

Davra P, Pandya Y, Shethwala N. An Evaluation of Various Methods
for the Detection of Metallo-Beta-Lactamase in Clinical Isolates of
Pseudomonas aeruginosa in a Teaching Hospital of Rural Gujarat,
India. J Evol Med Dent Sci. 2014;3(45):11064-71.

Munish R, Mohit K, Gupta Y, Verma A, Singh M, Sharma T, et al.
Prevalence of metallo beta lactamase producing Pseudomonas
aeruginosa & antibiotic sensitivity pattern in a tertiary care hospital,
Northern India. J Popul Ther Clin Pharmacol. 2024;31(8):440-8.
https://doi.org/10.53555/jptcp.v31i8.7381

Pachori P, Gothalwal R, Gandhi P. Emergence of antibiotic
resistance Pseudomonas aeruginosa in intensive care unit; a critical
review. Genes Dis. 2019;6(2):109—-19.
https://doi.org/10.1016/j.gendis.2019.04.001.

Chowdhury RA, Chowdhury AHMSK, Sharmin S, Akter N, Ahmed
S. Association of Non- molecular Methods to the Detection of
Metallo-B-Lactamases. /[OSR J Denl Med Sci. 2022;21(2):1-5.
https://doi.org/10.9790/0853-2102130105

Choudhary V, Pal N, Hooja S. Prevalence and antibiotic resistance
pattern of Metallo-B-lactamase-producing Pseudomonas aeruginosa
isolates from clinical specimens in a tertiary care hospital. J


https://doi.org/10.1515/labmed-2019-0162
https://www.researchgate.net/scientific-contributions/Navdeep-2201543067?_tp=eyJjb250ZXh0Ijp7ImZpcnN0UGFnZSI6InB1YmxpY2F0aW9uIiwicGFnZSI6InB1YmxpY2F0aW9uIn19
https://www.researchgate.net/profile/Sandeep-Negi?_tp=eyJjb250ZXh0Ijp7ImZpcnN0UGFnZSI6InB1YmxpY2F0aW9uIiwicGFnZSI6InB1YmxpY2F0aW9uIn19
https://www.researchgate.net/scientific-contributions/Viraj-Bhate-2252878025?_tp=eyJjb250ZXh0Ijp7ImZpcnN0UGFnZSI6InB1YmxpY2F0aW9uIiwicGFnZSI6InB1YmxpY2F0aW9uIn19
https://doi.org/10.4103/mjdrdypu.mjdrdypu_164_21
https://doi.org/10.53555/jptcp.v31i8.7381

442

22.

23.

24.

25.

26.

217.

28.

29.

Vijayashree et al. / IP International Journal of Medical Microbiology and Tropical Diseases 2025;11(4):435-442

Mahatma Gandhi Inst  Med Sci.
https://doi.org/10.4103/jmgims.jmgims_23 18
Kothari A, Kumar SK, Singh V, Kumar P, Kaushal K, Pandey A, et
al. Association of multidrug resistance behavior of
clinical Pseudomonas aeruginosa to pigment coloration. Eur J Med
Res. 2022;27:120. https://doi.org/10.1186/s40001-022-00752-6.
Rani K, Hemant B.Gadekar, Apoorva T. Evaluation of three
Different Phenotypic Tests for Detection of Metallo beta Lactamase
in Imipenem Resistant Pseudomonas aeruginosa from Clinical
Samples. Pak Heart J. 2023:56(3):204-12.

Sinha S, Singh A, Verma RK, Singh DP, Kumari S. Prevalence of
metallo-beta-lactamases  (MBLS) producing  Pseudomonas
aeruginosa in hospitalized patients in rural tertiary care hospital in
Uttar Pradesh, India. Int J Res Med Sci. 2018;6(9):3099-104.
https://doi.org/10.18203/2320-6012.ijrms20183652

Thapa P, Bhandari D, Shrestha D. A hospital based surveillance of
metallo-beta-lactamase producing Gram-negative bacteria in Nepal
by imipenem-EDTA disk method. BMC Res Notes. 2017;10:322.
https://doi.org/10.1186/s13104-017-2640-7

Chaudhary M, Payasi A. Rising antimicrobial resistance of
P.aeruginosa isolated from clinical specimens in India. J Proteomics
Bioinform. 2013;6(1):5-9. https://doi.org/10.4172/jpb.1000253
Gupta V, Sidhu S, Chander J. Metallo-B- lactamase producing
nonfermentative gram-negative bacteria: an increasing clinical
threat among hospitalized patients. Asian Pac J Trop Med.
2012;5(9):718-21. https://doi.org/10.1016/S1995-7645(12)60113-
8.

Zafer MM, Al-Agamy MH, El-Mahallawy HA, Amin MA, Ashour
SED. Dissemination of VIM-2 producing P.aeruginosa ST233 at
tertiary care hospitals in Egypt. BMC Infect Dis. 2015;15:122-9.
https://doi.org/10.1186/s12879-015-0861-8

Kumar V, Sen MR, Nigam C, Gahlot R, Kumari S. Burden of
different beta-lactamase classes among clinical isolates of AmpC-
producing Pseudomonas aeruginosa in burn patients: A prospective
study. Indian J Crit Care Med. 2012;16(3):136-40.
https://doi.org/10.4103/0972-5229.102077.

2019;24:19-22.

30.

31.

32.

33.

34.

35.

36.

37.

Deeba B, Manzoor AT, Bashir AF. Detection of
metallo-beta-lactamase(MBL) producing P.aeruginosa at a tertiary
care hospital in Kashmir. Afrr J Microbiol Res. 2011;5(2):164-72.
https://doi.org/10.5897/AIMR10.694

Dahiya S, Singla P, Chaudhary U, Singh B. Carbapenemases: A
review. Int J Adv Health Sci. 2015;2:11-7.

Umadevi S, Joseph NM, Kumari K. Detection of extended spectrum
beta lactamases, ampc beta lactamases and metallo beta lactamases
in clinical isolates of ceftazidime resistant Pseudomonas aeruginosa.
Braz J Microbiol. 2011;42(4):1284-8.
https://doi.org/10.1590/S1517-83822011000400006.

Pasteran F, Mendez T, Guerriero L, Rapoport M, Corso A. Sensitive
screening tests for suspected class A carbapenemase production in
species of Enterobacteriaceae. J Clin Microbiol. 2009;47(6):1631—
9. https://doi.org/10.1128/JCM.00130-09.

Lister PD, Wolter DJ, Hanson ND. Antibacterial-resistant
Pseudomonas aeruginosa: clinical impact and complex regulation of
chromosomally encoded resistance mechanisms. Clin Microbiol
Rev. 2009;22(4):582-610. https://doi.org/10.1128/CMR.00040-09.
Tellis R., Muralidharan S, Peter Al, Evaluation of three phenotypic
methods for the detection of metallo-beta-lactamase production in
non fermenting gram negative bacilli. Int J Biomed Adv
Res. 2013;4(5):299-305.

Qu TT, Zhang JL, Wang J, Tao J, Yu YS, Chen YG, et al. Evaluation
of phenotypic tests for detection of metallo-beta-lactamase-pro-
ducing Pseudomonas aeruginosa strains in China. J Clin Microbiol.
2009;47(4):1136-42. https://doi.org/10.1128/JCM.01592-08
Franklin C, Liolios L, Peleg AY. Phenotypic detection of
carbapenem-susceptible metallo-beta-lactamase-producing gram-
negative bacilli in the clinical laboratory. J Clin Microbiol.
2006;44(9):3139-44. https://doi.org/10.1128/JCM.00879-06.

Cite this article: Vijayashree V, Ganesh Perumal P, Banumathy M,
Preetthi AR. Detection of antibiotic resistance and metallo beta
lactamase among Pseudomonas aeruginosa clinical isolates. IP IntJ
Med Microbiol Trop Dis. 2025;11(4):435-442.



https://doi.org/10.4103/jmgims.jmgims_23_18
https://eurjmedres.biomedcentral.com/articles/10.1186/s40001-022-00752-6#auth-Prashant-Kumar-Aff3
https://eurjmedres.biomedcentral.com/articles/10.1186/s40001-022-00752-6#auth-Karanvir-Kaushal-Aff3
https://eurjmedres.biomedcentral.com/articles/10.1186/s40001-022-00752-6#auth-Atul-Pandey-Aff4
https://journals.indexcopernicus.com/article/search?authors=Rouchelle%20%20Tellis
https://journals.indexcopernicus.com/article/search?authors=Anand%20%20Ignatius%20%20Peter
https://doi.org/10.1128/JCM.01592-08

