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Metallo betalactamase (MBL) mediated resistance to carbapenems is an emerging
threat in nosocomial infections caused by Pseudomonas aeruginosa. MBLs hydrolyze virtually
all beta-lactam antibiotics leaving clinicians with no options for treatment, except Aztreonam
and Polymyxin B. Very limited data available on impact of MBL producing Pseudomonas
aeruginosa infections on mortality necessitated the present study. Of the 523 patients presenting
with P aeruginosa, 110 isolates from nosocomial infections (as per CDC definitions) were
subjected to MBL detection by IMIPENEM+EDTA combined disc test. Incidence of Imipenem
resistant Metallo betalactamase positive Paeruginosa(IR-MBLP-PA) and Metallo-beta-lacatamse
negative P aeruginosa(MBLN-PA) infections was 21.82% and 9.38% respectively (P value 0.01
S) with six distinct antibiogram types circulating in the hospital. Mean duration of stay in
the hospital before the isolation was 22+13.5 days. Overall mortality in P aeruginosa infections
was 13.63% (15/110). Increased mortality was observed in IR-MBLP-PA than in MBLN-PA
(42.68% Vs 9.37% P value=0.01 S) with a mean duration of stay in ICU till death of 3.16+0.98
days indicating the severity of the infections. All deaths among IR-MBLP-PA infections were
due to VAP as an underlying disease. Previous Imipenem therapy was significantly associated
with IR-MBLP-PA infections (P value <0.001 HS) resulting in emergence and/or acquisition of
IR-MBLP-PA. Other predisposing risk factors were significantly associated with IR-MBLP-PA
infections. IR-MBLP-PA infections results in higher mortality than IR-MBLN-PA. VAP is the
underlying disease in majority of deaths due to IR-MBLP-PA infections. Attributable mortality
in IR-MBLP-PA infections, is partially mediated by production of Metallo-betalactamases,
severity of underlying disease, predisposing risk factors, Multidrug resistance and Pan drug
resistance, making IR-MBLP-PA isolate, a nosocomially successful and difficult to treat
pathogen. Patients in whom Imipenem is selected as antipseudomonal antibiotic, the potential
for emergence of IR-MBLP-PA strains should be anticipated, and in appropriate circumstance,
routine culture and screening for MBL production should be performed to detect the emergence
of IR-MBLP-PA strains. These findings can be generalized to other tertiary care hospitals with
similar conditions. Further studies are needed to explore the population dynamics, virulence
factors, an effective antibiotic and expression of MBL production in vivo of this serious
pathogen.
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and progress through bacterial populations
vertically and horizontally with relative ease'.
Carbapenems have been used in clinical settings
as last resort antibiotics for their broad spectrum
antibacterial activity against various beta-
lactamase producing Gram negative bacteria
including extended spectrum beta-lactamases and
Amp-C producers. @ Resistance to Carbapenems
isdueto decreased outer membrane permeability,
increased efflux systems, alteration of penicillin
binding proteins and carbapenem hydrolyzing
enzymes- Carbapenemases®. Acquired Metallo
betalactamases (MBLs. IMPand VIM), aclass B
carbapenemases have recently emerged globally,
since the first report from Japan in 1991. These
are the most worrisome resistance mechanisms
owing to their capacity to hydrolyze with the
exception Aztreonam, al betalactam antibiotics,
including carbapenems, the last resort
antimicrobialsfor serious multidrug resistant gram
negative infections!. Early detection of MBL
producing Pseudomonas aeruginosa isolates is
crucial to check the unnoticed spread within
institutions. Situation is further complicated by
nonavailability of standardized method proposed
by CLSI for MBL detection®. Several nonmolecular
screening testsviz., IMIPENEM+EDTA combined
disctest, IMIPENEM-EDTA double disc synergy
test, EDTA disc potentiation test and MBL-E test
are being used for detection of MBL producing P.
aeruginosa.[® Most of the studies acrosstheworld
highlight on incidence and prevalence of MBL
positive Pseudomonas aeruginosa infections,®”
with very few studies highlighting its impact on
mortality and morbidity®91°,

With the increasing Imipenem resistant
Pseudomonas aeruginosa infections at out
hospital, it was decided to investigate whether
MBL production was directly related to this
resistance mechanism and epidemiology on these
infections. Very little available datain the area of
attributable mortality in Imipenem resistant MBL
positive P. aeruginosa (IR-MBLP-PA) infections
prompted us to conduct the present study.

MATERIAL AND METHODS

A prospective observational study of consecutive
patientswith P. aer uginosa nosocomial infections
was performed at atertiary care hospital for aperiod
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of one year. Isolates from nosocomial infections
were included™. Polymicrobial infections and
isolatesfrom patientsnot fulfilling CDC criteriafor
nosocomial infections were excluded from the
study?.

Data were collected from medical
records, computer database and in most of the cases
in consultation with treating doctors. Different
specimens from patients collected and processed
according to standard laboratory procedures.[*2
Susceptibility to Amikacin, Ciprofloxacin,,
Gentamycin, Tobramycin, Piperacillin,
Piperacillin- Tazobactam, Cefotaxime,
Ceftazidime, Cefaperazone, Cefaperazone-
Sulbactam, and Imipenem was determined by
Kirby-Bauer’sdisc diffusion method according to
CLSI guidelines'. Aztreonam, Polymyxin-B and
Colistin were tested only against IR-MBLP-PA
isolates.

P. aeruginosa isolates resistant to
Imipenem were subjected to screening test for
MBL production by IMIPENEM+EDTA
combined disc test asdescribed previously by Yong
et. al.,®. Isolates with enhancement of zone size
of more than or equal to 7mm between
IMIPENEM+EDTA disc compared to IMIPENEM
disc alonewereconsidered asIR-MBLP-PA. MBL
negative ATCC (27853) standard strain of P.
aeruginosa was used as negative control, which
did not show any zone of enhancement around
IMIPENEM+EDTA combined disc.

Predisposing risk factors and length of
hospital stay prior to isolation of IR-MBLP-PA
isolate were analyzed statistically.

The outcome of IR-MBLP-PA infections
was defined as CURE (Total resolution of signs
and symptoms), improvement (Partial resolution)
and deterioration followed by death.

Statistical analysis was done by Student
“1” test by using SPSS windows version 13.0.

RESULTS

A total of 523 patients presented with
isolation of P. aeruginosa, of them 283 community
acquired infections, 60 contaminants or colonizers
and 70 isolatesfrom polymicrobial infectionswere
excluded from the study. 110 isolates from
nosocomial infectionswereincluded in the study.
Relatively small sample size in this study was
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inevitable since an attempt to increase the sample
size by increasing the study period would have
diluted the fast changing resistance scenario and
epidemiology of IR-MBLP-PA infections.

Incidence of Imipenem resistant Metallo
betalactamase positive P. aeruginosaisolates (I R-
MBLP-PA) was 12.73% (14/110). Out of 24
I mipenem resistant isolates, 58.33% (14/24) were
IR-MBLP-PA.

IR-MBLP-PA isolates were not observed in
NICU

Overall in hospital mortality of patients
with P. aeruginosainfectionswas 13.63% (15/110).
Objective of the present study was to assess the
influence of IR-MBLP-PA and MBLN-PA
infections on mortality and morbidity. Relatively
high crude mortality was observed among IR-
MBLP-PA infections than MBLN-PA (42.86%
versus 9.37%, P=0.01 S).

Among IR-MBLP-PA infections 6
patients presented with inadequate treatment
followed by deterioration and death with VAP as
underlying disease. Mean duration of stay in ICU
till death was 3.167+ 0.98 indicating severity of
thedisease. Eight patientswho improved had mean
duration of stay in ICU of 21 + 4.95 indicating
severe morbidity. Isolation of IR-MBLP-PA was
from patientsadmitted for along period of 22+13.5
days in hospital predisposing for emergence or
acquisition of IR-MBLP-PA.

Antimicrobial therapy with Imipenem
during previous 3 weeks (78.57% versus 7.29%,
P<0.001 HS) was morefrequently associated with
IR-MBLP-PA than MBLN-PA infections
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contributing to mortality, morbidity, acquisition of
IR-MBLP-PA isolate and increased cost of the
treatment. Predisposing risk factors were more
commonly and significantly associated with IR-
MBLP-PA than MBLN-PA infections.

Aztreonam and Polymyxin B were the
drugs with least resistance, 14.29% and 0%
respectively. Aztreonam was the most commonly
used drug, due to higher cost and high frequency
of adverse reactions seen with Polymyxin-B.

A total of six distinct antibiotic resistance
profiles were observed in IR-MBLP-PA isolates.
Profile 1 was commonest (Resistant to all drugs
except Polymyxin B, Colistin and Aztreonam)
causing 42.86% (6/14) infections.

DISCUSSION

Present study reported relatively high
incidence of Imipenem resistance (21.82%) in
nosocomial infections due to P. aeruginosa, with
anincreasing trend (14% in 2004, 15.6% in 2005,
17.2% in 2006 and 18% in 2007) [data not shown
in tables]. This clearly indicates emergence and
persistence of Imipenem resistant Pseudomonas
aeruginosa isolates in the hospital. This tertiary
care hospital mainly caters patients from
surrounding rural areas, unlikely being treated with
broad spectrum antibiotics like Imipenem acitng
as a predisposing risk factor. Variable Imipenem
resistance (8-63.74%) hasbeen reported in different
studies?356.7,

Highincidenceof IR-MBLP-PA infections
(12.73%), constituting 58.33% of Imipenem

Table 1. Hospital area wise distribution of imipenem resistant mbl positive P. aeruginosa isolates

Hospital Total noof IsP aeruginosa Mortality in Ir- Noof Mortality in

Area P. aeruginosa Isolates Is-P. aeruginosa P.aeruginosa IR-MBLP- IR-MBLP-

isolates (n=96) isolates  PA Isolates PA Isolates
MICU 22 16 3 9 6 4
ICCU 16 12 1 5 4 2
Post operative ward 12 10 1 3 2 Nil
Burns ward 20 19 2 4 1 Nil
Neonatal icu 16 16 1 Nil Nil Nil
General ward 24 23 Nil 3 1 Nil
110 96 9 24 14 6

NOTE;- IS-Imipenem sensitive, IR-MBLP-PA=Imipenem resistant MBL positive Pseudomonas aeruginosa, MBLN-

PA= MBL negative Pseudomonas aeruginosa
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Table 3. Distribution of predisposing risk factorsin IR-MBLP-PA and IR-MBLN-PA infections
Risk factor IR-MBLP-PA MBLN-PA Pvalue*
(n=14) (%) (n=96)(%)
Imipenem 11(78.57) 7(7.3) <0.001 HS
Diabetes mellitus 8 (57.14%) 11(11.5) 0.001HNS
Long termiv cannulation 14 (100%) 22(22.9) <0.001 HS
Malignancy 2 (14.28%) 5(5.2) 0.2NS
Admission to icu of more than one week 10 (71.43%) 13(13.54) <0.001 HS
Copd 7 (50%) 14(14.6) 001 S
Smoking 10 (71.43%) 33(34.4) 0.9NS
Septicemiawith multiorgan failure 6 (42.86%) 18 (18.8) 0.08 NS
Previous antibiotic treatment (In preceeding 3 weeks) 12(85.7%) 26 (26.1) <0.001HS
Treatment with corticosteroids 8 (57.14%) 12 (12.5%) 0.001 HS
Anemia with hypoproteinemia 6 (42.86%) 48(50%) 0.6NS
Urinary catheterisation 13 (92.86%) 19(19.8%) <0.001HS
Congestive cardiac failure 3 (21.43%) 7(7.3%) 0.1NS
*P value significant at d” 0.05
Table 4. Resistance rates of IR-MBLP-PA
and IR-MBLN-PA isolates to different antibiotics
Antibiotic IR-MBLP-PA(n=14)(%) MBLN-PA(n=96)( %)
Gentamycin 14 (100) 78 (81.3)
Ciprofloxacin 10 (71.42) 60(57.6)
Piperacillin 10 (71.42) 65 (67.7)
Piperacillin + tazobactam 7 (50) 54 (51.84)
Cefotaxime 14 (100) 81(84.4)
Ceftazidime 10 (71.42) 57(59.3)
Cefaperazone 13 (92.86) 64 (66.7)
Cefaperzone + sulbactam 10 (71.42) 58(60.4)
Tobramycin 12 (85.71) 57(59.4)
Amikacin 10 (71.42) 57 (59.4)
Colistin 4 (28.57) Not tested
Aztreonam 2 (14.29) Not tested
Polymyxin b 0 (0 Not tested
Table 5. A ntibiotic resistance profiles of 14 IR-MBLP-PA isolates
Profile Antibiogram Number (n) Percentage(%)
1 R-All [§] 42.86
2 R-GPIPCe,Cs,Cst+Sul, ToS-C, PIP+Tz, Cz, Ak 2 14.28
3 R-C,G, Ce,Cz, Cs, ToS- PIP, PIP+Tz,Cs+Sul, Ak 2 14.28
4 R- GC,Ce,Cs,Cs+Sul,To,AKS- PIP, PIP+Tz, Cz 2 14.28
5 R- G, PIBPIP+Tz, Ce, Cz, AKS- C, Cs, Cst+Sul, To 1 7.14
6 R- G, PIP, Ce, Cz, Cs AkS- C, PIP+Tz, CstSul, To 1 7.14

NOTE: R- Resistant , S- Sensitive , G- Gentamycin, PIP= Piperacillin, PIP+Tz = Piperacillin+Tazobactam,
Ce= Cefotaxime, Cs= Cefaperazone, Cs+Sul = Cefaperazone+Sulbactam, To= Tobramycin, Cz= Ceftazidime,

Ak= Amikacin, Ce= Cefotaxime
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resistant isolates was observed. However, thiswas
an underestimation since polymicrobial infections
wereexcluded from the study. IMIPENEM+EDTA
combined disc test, anon-molecular screening test
used in the present study isasensitive and specific
test clearly discriminating positive and negative
resultsfor MBL detection®. Though PCR ishighly
sensitive and specific test, is limited by high cost
and nonavailability at all hospitals®. Significant
proportions of Imipenem resistant P. aeruginosa
isolates were found to be MBL producers by
different Indian workers, Varaiya et.al., 83.33%
(50/60) and Hemalatha et.al, 87.5% (7/8)". Most
of the studies were limited by small sample size.

Distribution of IR-MBLP-PA infections
was not uniforminour hospital. Five of the profiles
1, IR-MBLP-PA isolateswerefound in MICU and
ICCU, contributing to majority of deaths due to
IR-MBLP-PA infections. Most of the cases
(71.42%) were from MICU and ICCU. An UTI
(Profile 1) casewithin situ catheter in general ward
was a case shifted from ICU. Absence of IR-
MBLP-PA infections from NICU was a direct
result of strict infection control practices during
last three years due to increasing mortality among
infants with neonatal septicemia. Burden of IR-
MBLP-PA infectionswasfound to be just short of
endemicity. The occurrence of an MBL-positive
isolate in alocalized hospital environment poses
not only atherapeutic problem but also a serious
concern for infection control management. The
microbiology laboratory should promptly inform
infection control team. The patient should be
regarded as high risk, and appropriate isolation
measures should be enforced. If necessary,
patient’s medical forms should indicate the high-
risk nature of the infection, informing clinicians
and other health care workers who may come in
contact with the patient234,

Significant finding was the higher
mortality in IR-MBLP-PA infections (42.86%)
compared with Imipenem sensitive P. aeruginosa
infections 9.38% (P=0.01 S). Significantly higher
mortality in MBL-PA patients than non-MBL
patients (5.8% versus 1.2%) was reported by
Hirakata et.al ¥ and Laupland et.al (25% versus
13%). 29 Higher mortality rates and higher
frequency of infections in such group indicates
higher virulence of IR-MBLP-PA infections.[899
Although with higher virulence,57.14% of IR-
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MBLP-PA infectionsdid not result in mortality and
on the contrary 3 patients with 50% burns with
MBLN-PA rapidly progressed to death. These
findings yet again underscore the role of severe
underlying disease contributing significantly to
mortality and morbidity.

Ventilator associated Pneumonia (VAP)
emerged as a single most important underlying
disease leading to death. Though, attributable
mortality due to VAP is questionable, 80% of
mortality was observed in VAP dueto IR-MBLP-
PA than 10.42% in MBLN-PA. VAP due to IR-
MBLP-PA significantly increases mortality since
best diagnostic approach to therapy, rotational
therapy and unconventional approaches to
antimicrobial therapy remain uncertain®>. VAPdue
to IR-MBLA-PA was an independent risk factor
for mortality and morbidity in the current study.

In contrast to this, better prognosis with
cureof two patientswith IR-MBL P-PA nosocomial
tacheobronchitis, two from post operative wound
infections, and one each from burns and urinary
tract infection signifies the role of less severe
underlying disease as an important predictor of
good prognosis.

Mortality in IR-MBLP-PA infectionswas
associated with more frequent isolation of PAN
DRUG resistant isolates (Profile 1) among IR-
MBLP-PA compared to MBLN-PA (6 versus 2)
and multidrug resistant isolates (14 versus 4).
Paterson report that all of the IR-MBLP-PA isolates
and 52% of MBLN-PA isolates were multidrug
resistant, while 11% of IR-MBLP-PA isolatesand
8% of MBLN-PA isolates were PAN DRUG
resistant.[*¥ Clinicians were practically left with
no option for treating patients with PAN DRUG
resistant IR-MBLP-PA infections. Thiswasdueto
antimicrobial resistance increasing the likelihood
of an inadequate initial antibiotic regimen and of
increased morbidity and mortality from inadequate
initial treatment. Asresult, the mere possibility of
infections due to antimicrobial -resi stant pathogens
necessitates broad spectrum initial empirical
antimicrobial therapy, usually with combination of
drugsincluding Imipenem. Thisincreasesthe cost
of treatment, the occurrence of adverse drug effects,
andironicaly, thelocal prevalence of antimicrobial
resistance'.

Approaching officially predicted “The
end of antibiotics’, it is certain that if physicians
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do not decrease the overuse and misuse of
antibiotics, theemerging IR-MBLP-PA infections
with attended MDR and PDR isolateswill worsen,
while the era of “The end of Antipseudomonal
antibiotics’ will becomeanosocomial nightmare™.

In spite of adequate combinational
antimicrobial therapy, 75% of VAP patients with
IR-MBLP-PA isolates and 50% of patients with
VAP due to MBLN-PA isolates expired. The
specter of antimicrobial resistance complicated the
management of nearly every patient with VAP,
Aztreonam and Polymyxin—-B were found to be
most useful drugs. Zavascki et.al reported early
institution of appropriate antimicrobial therapy as
important predictor of good prognosis®.

No extended survey with a series of
human infections with MBL -positive isolates has
been performed to determinethe optimal treatment.
Thus, suitable therapy for treating thoseinfections
remains unknown. Although metallo enzyme
inhibitorslike EDTA may beusedinvitro,no MBL
inhibitors are available for treating patients™.

Previous antibiotic therapy with
Imipenem was significantly associated with
emergence and/or acquisition of IR-MBLP-PA
isolates (78.57% versus 7.29%, P value<0.001
HS). Carmeli et.al. reports emergence of resistance
to Imipenemin 8 patients, 7 of whom weretreated
with Imipenem.i*¥ Clinical emergence of resistant
P. aeruginosa has been described during Imipenem
therapy, ranging from 14-53% limiting future
therapeutic choices and associated with increased
mortality, morbidity and higher costs'>,

Predisposing risk factors (Table-3) associated
with mortality, morbidity, emergence, and/or
acquisition of IR-MBLP-PA isolates, were more
commonly associated with IR-MBLP-PA than
MBLN-PA infections. Prolonged stay in hospital
prior to isolation of IR-MBLP-PA isolate was
observed (Table-2).

Although, partially mediated by higher
virulence, mortality in IR-MBLP-PA infections
was associated with severe underlying disease,
previous antibiotic therapy with Imipenem, MDR
and PDR isolates in patients with multiple
predisposing risk factors. Impact of IR-MBLP-PA
isolate on mortality in an index patient could be
assessed in the background of these factors
prevailingin apatient at thetime of isolation of IR-
MBLP-PA.
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Higher incidence of IR-MBLP-PA
infections in the present study in arural tertiary
care hospital was probably dueto rapid emergence
and spread of IR-MBLP-PA isolates from critical
care units of our hospital.

Majority of the IR-MBLP-PA infections
in this study were caused by antibiotic resistance
profile 1. Clonal relation and dissemination of IR-
MBLP-PA strains could not be assessed as
molecular typing was not done. In spite of small
differences in susceptibility profiles, IR-MBLP-
PA isolates usually have similar antibiotic
resistance profiles regardless of the genotype of
the enzyme®. Antibiogram typing of nosocomial
isolates of IR-MBLP-PA  will be useful in
selecting appropriate antibiotic for empirical
therapy. Successful clones will be widespread in
nature and therefore predominate in the patient
population, in whom variants accumulate drug
resistance mechanism like Imipenem resistant
metallo-beta-lactamases, that allow their
transmission and persistence a hospital*’.

ICU is a “MELTING POT” for
dissemination of MBL positiveisolates since most
of theisolateswill befrom ICU patientsor related
to ICU admission. It islikely that pseudomonads
can transfer MBL genes through plasmids to
Enterobacteriaceae, probably within a clinical
environment. Rapid emergence and spread of MBL
positive P. aeruginosa in hospital has been
reported by several studies?31°4,

Timely identification of increased
isolations of IR-MBLP-PA isolates achieved by
active surveillance, implementation of isolation
practices, timely reviewed hospital antibiotic
policy appears to be crucial to limit the spread of
IR-MBLP-PA isolateswithin ahospital . The spread
of MBL genesis likely to escalate highlights the
importance of international surveillance programs
suchas SENTRY, MY STIC, Alexander Project and
EARSS in reporting the emergence and epidemic
spread of these remarkable but menacing enzymes.
[14]

Conclusions of the present study are

1 Higher incidence of Imipenem resistant P.
aeruginosa in a hospital necessitates the
screening for detection of Metallo-beta-
|actamase enzyme production.

2 Imipenem resistant MBL positive
P. aeruginosa (IR-MBLP-PA) cause

J. Pure & Appl. Microbial., 5(2), Oct. 2011.
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significantly higher mortality compared to
Imipenem sensitive P. aeruginosa
infections.

Attributable mortality in IR-MBLP-PA
infections, is partially mediated by
production of Metallo-betalactamases,
severity of underlying disease, predisposing
risk factors, Multidrug resistance, Pan drug
resistance, making IR-MBLP-PA isolate, a
successful and difficult to treat pathogen.
These findings can be generalized to other
tertiary care hospitals with similar
conditions

Patients in whom Imipenem is selected as
antipseudomonal antibiotic, the potential for
emergence of IR-MBLP-PA strains should
be anticipated, and in appropriate
circumstance, routine culture and screening
for MBL production should be performed
to detect the emergence of IR-MBLP-PA
strains

Further studies are needed to explore the
population dynamics, virulencefactors, for
an effective antibiotic and expression of
MBL production in vivo of this serious
pathogen
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