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Imipenem resistant Metallo —Beta-lactamase producing Pseudomonas aeruginosa
(IR-MBLP-PA) are an emerging threat causing noscomial infections with increased mortality
and morbidity and with a potential to spread rapidly and cause outbreaks and epidemics.
Very little data is available after review of literature on detection of IR-MBLP-PA from
hospital environmental sources and their role as source and/or reservoir of nosocomial
infections. The present study was conducted to detect IR-MBLP-PA from different hospital
environmental sources from different areas of hospital, Antibiogram typing, to assess
their role as source and /or reservoir of nosocomial infections and study the impact of
infection control measures on environmental sources of IR-MBLP-PA. 460 environmental
specimens collected and processed by standard laboratory procedures. Susceptibility
testing done by Kirby-Bauer’s disc diffusion method. IR-MBLP-PA detection was done by
IMIPENEM+EDTA combined disc test. Antibiogram typing done. Association with clinical
cases done by strain of same antibiogram type from environmental source and case.
Impact of Infection control measures were assessed by percentage reduction of IR-MBLP-
PA isolates from respective environmental sources.

Study reported an incidence of 24.78 %;5.65 % and 3.48%;1.08% for
Pseudomonas aeruginosa and IR-MBLP-PA respectively, before and after strict infection
control measures. High incidence of IR-MBLP-PA of 14.8% and 10.52% in suction apparatus
and mops respectively, 11.53%, 8.89% and 8.24% in Burns ward, ICCU and MICU
respectively was reported. Six of the eight IR-MBLP-PA antibiogram types from
environmental sources could be associated with fourteen nosocomial infections with two
strains with no association. Strain 1 (Resistant to all antibiotics used) was most common
strain (30.76%) associated with six nosocomial infections during the study period.
Sinks, suction apparatus were observed to be high risk sources and/or reservoirs of IR-
MBLP-PA. MICU and ICCU were found to be high risk areas of environmental isolates
necessitating periodic environmental sampling for their detection. Hospital air, aprons
and gowns of health care workers, curtains, beddings and linen were not found to be
important reservoirs of IR-MBLP-PA. Infection control measures according to CDC
guidelines reduced the incidence of environmental IR-MBLP-PA isolates.
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Acquired resistance in P. aeruginosa is
far reaching and highly adaptable, can emerge
rapidly and can progress through bacterial
populationsvertically and horizontally with relative
ease'2. Acquired metallo-beta-lactamases (MBL.:
IMP and VIM), a class 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 of aztreonam, all
betal actam antibitocis, including carbapenems, the
last resort antimicrobial for serious multidrug
resistant gram negative infection?*. MBLs also
represent a clinical threat due to their unrivalled
spectrum of activity and their resistance to
therapeutic serine beta-lactamase inhibitors and
nosocomial infections associated with increased
morbidity and mortality?3.

Themetabolic versatility of P. aeruginosa
contributesto its broad ecol ogical adaptability and
ubiquitous distribution inthe hospital environment
and tendency to remain viable on both animate
and inanimate objects around the patient, including
antiseptic solutions®*.

Rapid emergence and spread of MBL
positive P. aeruginosa in hospital has been
reported by several studies. The propensity of
acquired MBL determinants to spread within the
hospital, between different hospitals, into the
community, and intercontinentally highlights the
possibility that introduction of resistance genes
in the nosocomial setting can be followed by a
rapid dissemination among the different species
of gram negative pathogens resulting in outbreaks
of nosocomial infections**.

Little data is available regarding
environmental reservoirsof IR-MBLP-PA isolates
asasource of infection to patients. Early detection
of MBL isolatesis crucial to check the unnoticed
spread with in institutions**. Situation is further
complicated by non availability of standardized
method proposed by CLSI for MBL detection®
Several nonmolecular screening tests are used for
detection of MBL producing Pseudomonas
aeruginose’.

Unlike other tertiary care hospitals,
patientswith |R-MBLP-PA infections shifted from
other hospitals and colonized patients in our
hospital wereunlikely to beasource of IR-MBLP-
PA isolates.
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In view of the increasing IR-MBLP-PA
nosocomial infectionin thistertiary care hospital,
the present study was undertaken to identify the
environmental sources of IR-MBLP-PA with
antibiogram typing and their association with
noscomial infections. Study was also conducted
to assess the Impact of strict infection control
measures on environmental sources of IR-MBLP-
PA.

MATERIAL ANDMETHODS

Prospective observational study of
different environmental sources of Imipenem
Resistant Metallo-Beta-lactamase positive P.
aeruginosa (IR-MBLP-PA) was conducted for a
period of oneyear inrural tertiary care hospital. A
total of 460 random specimens were collected for
targeted surveillance of different hospital
environmental sources namely, Nebulizers (36),
Tubings of ventilator (25), Antisepetic and
disinfectant solution (48), Mops used for cleaning
floors(38), Curtains, beddingsand other linen (75),
Aprons and Gowns of Health care workers (144),
Faucets of sinks (40) and suction apparatus (54).
Specimens from high risk areas of the hospital
namely MICU, ICCU, NICU, BURNS WARD,
OPERATION THEATRE and POST OPERATIVE
WARD were collected according to standard
procedures” Specimensfrom ceilings, floor, walls,
furniture and other environmental sourcesunlikely
to come in contact with the patients were not
included in the study. Specimens like stethoscope
and other apparatus unlikely to come in contact
with non-intact skin or mucus membrane,
vasculature or tissues of the patients were also
excluded from the study.

Fourty seven Specimens were also
collected fromfour genera wards. Specimensfrom
Aprons and Gowns were collected by RODAC
PLATE METHDO. Rinsefluid wascollected from
Tubingsof ventilator, Suction apparatusand Mops
and Air microbiology investigated by settle plate
method"”

All the swabs were inoculated into
nutrient broth supplemented with 0.03% cetrimide
(cetyltrimethyl ammonium bromide) and incubated
at 37°Cfor 24 h. Subcultureswerethen performed
on nutrient agar with 0.02% cetrimide, and the
plates were incubated for 48 h at 37°C®8. Colonies
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producing ablue-green pigment were checked for
oxidasereaction, and oxidase-positiveisolateswere
subjected to identification by standard |aboratory
procedures’.

Susceptihbility to Amikacin, Ciprofloxacin
Gentamycin, Tobramycin,Piperacillin,Piperacillin-
Tazobactam, Cefotaxime, Ceftazidime,
Cefaperazone, Cefaperazone-Sulbactam, and
I mipenem was determined by Kirby-Bauer’s disc
diffusion method according to CL SI guidelines. ®
Aztreonam, Polymyxin-B and Colistinwere tested
only against IR-MBLP-PA isol ates.

P. aeruginosa isolates resistant to
Imipenem were subjected to screening test for
MBL production by IMIPENEM+EDTA combined
disc test as described 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 alone were
considered as|IR-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.

Typing of IR-MBLP-PA isolateswas done
by ANTIBIOGRAM TY PING. Association of IR-
MBLP-PA environmental isolate with different
nosocomial infections in different areas of the
hospital was done by circumstantial evidence
(Tempororspatial association) and antibiogram
type.

Repeat specimenswere collected fromthe
same hospital environmental sources, three months
after strict infection control measures were
implemented asper CDC guidelines. Y infection
control measures were assessed in terms of
percentage reduction in incidence of IR-MBLP-
PA isolates from different hospital environmental
sources.

RESULTS

AnIncidence of 24.78% (114/460) and
5.65% (26/460) was observed for Pseudomonas
aeruginosaand IR-MBLP-PA respectively during
oneyear study periodinrural tertiary care hospital.
Highest incidence of IR-MBLP-PA isolates was
observed from suction apparatus (14.8%),followed
by mops (10.52%) and sinks (10%). Neither P.
aeruginosa nor IR-MBLP-PA was isolated from

Table 1. Distribution of environmental isolates of IR-MBLP-PA in different areas of the hospital
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curtains, beddings and other linen. Lowest PAwashighest in burnsward (11.53%), followed

incidence of IR-MBLLP- PAwasfromApronsand by ICCU (8.89%) and MICU (8.24). Different

gownsof healthcareworkers (0.69% — 1/144). environmental sources from NICU and General
Hospital areawisedistribution of IR-MBLP-  ward did notyield IR-MBLP-PA.

Table 4. Antimicrobial Resistance of 26 Hospital
Environmental |solates Of IR-MBLP-PA

Antibiotic No resistant percentage
Isolates of of resistant
IR-MBLP-PA IR-MBLP-PA
Imipenem 26 100
Gentamycin 26 100
Imipenem 26 100
Ciprofloxacin 19 73.08
Piperacillin 19 73.08
Piperacillin+tazobactam 19 73.08
Cefotaxime 26 100
Ceftazidime 19 73.08
Cefaperazone 25 96.15
Cefaperazone+sulbactam 25 96.15
Tobramycin 23 88.46
Amikacin 19 73.08
Colistin 8 30.77
Aztreonam 4 15.38
Polymyxin b 0 0

Table 5. Antibiogram types of 26 IR-MBLP-PA isolates

Strain of antibiogram Number Percentage No of
IR-MBLP-pa (n) (%) nosocomial
infections
caused by
particular
strain
1 R- Resistant to all 8 30.76 6
2 R- G, Pip,Pip+Tz, Ce, Cs, Cs+Sul, 5 19.24 2
ToS- Cip, Cz, Ak
3 R- G, Cip, Ce, Cz,Cz+Sul, Cs, Cs+Sul, 5 19.24 2
ToS- Pip, Pip+Tz,Ak
4 R- G Cip, Ce, Cs, Cs+Sul, To, Ak S- Cz, 2 7.69 1
Pip, Pip+Tz,
5 R- G, Pip, Pip+Tz, Ce, Cz, AkS- Cip, Cs, 2 7.69 2
Cst+Sul, To
6 R- G, Pip, Ce, Cz, Cs, Ak, Pip+Tz, Cs+Sul 2 7.69 1
7 R- Pip, Pip+Tz, Cs, CstSul, G, Ce, Cz, To, 1 3.85 0
CipS- Ak
8 R Ak, Pip, Pip+Tz, Cs, Cs+Sul, Ce, Cz, 1 3.85 0
Cip, GS-To

NOTE : Ak= Amikacin, Cip=Ciprofloxacin,G=Gentamycin,To=Tobramycin,Pip=Piperacillin,Pip+Tz =Piperacillin-
Tazobactam, Ce=Cefotaxime, Cz= Ceftazidime,Cs= Cefaperazone, Cs+Sul =Cefaperazone-Sulbactam, R= Resistant , S=
Suscepti

J. Pure & Appl. Microbiol., 5(1), April 2011.
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Intervention in the form of hospital
infection control measures according to CDC
guidelines drastically decreased the incidence of
P. aeruginosa from 24.78 % to 3.48%. and IR-
MBLP-PA from 5.65%t0 1.08%. |R-MBLP-PA from
burnsward , operation theatre and post operative
ward was reduced to undetectable levels.

Modest decrease in IR-MBLP-PA was
noticed in nebulizer, sinks and suction apparatus
at MICU. IR-MBLP-PA isolate persistedin MICU
and ICCU in spite of good infection control
measures . Although, with a highest incidence of
IR-MBLP-PA isolates, noclinical casesduetothis
|R-MBL P-PA were observed from burnsward.

Statistical analysis could not be done
even after Yates correction since most of the cell
values were lessthan five.

Air microbiology by settle plate method
from different areas of the hospital did not yield
IR-MBLP-PA indicating hospital air asan unlikely
source of Paeruginosaor IR-MBLP-PA.

Highest resistance was observed with
Gentamycin and Cefaperazone (100% and 96.15%
respectively) . Incidenceand Pan drug and multi
drug resistant was found to be 8 and 12
respectively. Least resistance was noticed with
Polymyxinn B. followed by Aztreonam and colistin.

Typing of environmental isolates of IR-
MBLP-PA isolates by resistance profiles
(ANTIBIOGRAM TYPING) reveaed eight distinct
strains. Strain 1 IR-MBLP-PA was most common
(Resistant to all right) constituting 30.76% .

DISCUSSION

Present study reported high incidence
of Pseudomonas aeruginosa and Imipenem
resistant Metallo-Beta-lactamase positive P.
aeruginosa (IR-MBLP-PA) (24.78%V's. 5.65%)from
various environmental sources in different areas
of the hospital. Twenty six IR-MBLP-PA
environmental isolates belonging to 8 discrete
strains by phenotypic characterization
(ANTIBIOGRAM TYPING) were found to be
source and/or reservoirs of nosocomial infections
caused by IR-MBLP-PA. To our knowledge, this
is the first description of a large-scale, hospital
wide study of isolation of IR-MBLP-PA from
different environmental sourcesin different areas
of the hospital.

J. Pure & Appl. Microbiol., 5(1), April 2011.
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Awareness of entry of MBL producing P.
aeruginosa isolates is the first step that clinical
microbiol ogists can take to address this problem?2.
Distribution of environmental isolates was not
uniform in the hospital. Most, but not all, of the
environmental P. aeurginosa were from intensive
care units and critical care areas of the hospital
compared to General wards (80.77% V's 19.23%)
and all the IR-MBLP-PA isolateswere confined to
ICUs. Coexistence of IR-MBLP-PA isolates with
non MBL producing P. aeruginosa was a
worrisome finding as MBL resistance alele on a
transferabl e conjugative plasmid could be readily
mobilized to these isolates, further increasing the
burden of IR-MBLP-PA environmental isolatesin
the hospital3.

Highest incidence of IR-MBLP-PAwasin
burns ward (11.53%) followed by ICCU (8.89%)
and MICU (8.24%). None of the IR-MBLP-PA
detected from NICU was the direct result of strict
infection control measures being practiced due to
high incidence of neonatal septicemiaduring last
4 years.

Highincidence of IR-MBLP-PA wasfrom
suction apparatus (14.8%), Nebulizers (11.11%) and
sinks (10%) from different areas of the hospital.
Pitout et.al. reported MBL producing P. aeruginosa
from 10 contaminated faucets (sinks) asreservoirs
of outbreak in ICU and acute care centre. [*?
Crespot et. al have reported an incidence of 20%
for P. aeruginosa and IR-MBLP-PA from small
study group of 60 environmental sources, 33 sinks,
5 stethoscopes and 22 tubing devices®. The
occurrenceof an MBL-positiveisolatein alocdized
hospital environment poses not only atherapeutic
problem but also a serious concern for infection
control managements,

Twelve IR-MBLP-PA isolatesexhibited
Cross resistance to most of the antipseudomonal
antibiotics (MDR) and 8 were PAN DRUG resistant.
Aztreonam, Coalistin and Polymyxin B wereretained
good sensitivity. Paterson reported that all of the
IR-MBLP-PA and 52% of IR-MBLN-PA were
multidrug resistant, while 11% of IR-MBLP-PA and
8% of IR-MBLN-PA were PAN DRUG resistant?2.

Six of theeight strains of environmental
IR-MBLP-PA isolates were associated with 14
nosocomial infections during study period from
different ICUs. This association could be
established by circumstantial evidence,
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temporospatial association and identical strains
from environmental sources and clinical cases by
antibiogram typing. Though the routes of
transmission of the |R-MBL P-PA remained unclear,
IR-MBL P-PA recovered from these areas of hospital
environment were found to be the possible source
of increasing nosocomial infections due to
existence of ample of opportunitiesin ICU s for
transmission.

Strain 1, IR-MBLP-PA isolate (PAN
DRUG RESISTANT) present in nebulizer, tubings
of ventilator and sink inthe MICU was associated
with four clinical cases of ventilator associated
pneumonia resulting in death and two cases of
nosocomial tracheobronchitis with severe
morbidity. The unique problemwith MBLsistheir
unrivalled broad-spectrum resistance profile.
Clinicians are practically left with no option for
treating patients with PAN DRUG resistant IR-
MBLP-PA infections. Selection of antibiotic for
empirical therapy for IR-MBLP-PA should be
based on antibiogram of loacally prevalent IR-
MBLP-PA environmental strains. Antimicrobial
resistanceincreasesthelikelihood of aninadequate
initial antibiotic regimen and of increased morbidity
and mortality frominadequateinitial treatment. As
result, the mere possibility of infections due to
antimicrobial-resistant pathogens necessitates
broad spectrum initial empirical antimicrobial
therapy, usually with combination of drugs
including Imipenem. This increases the cost of
treatment, the occurrence of adverse drug effects,
andironicaly, thelocal prevalence of antimicrobial
resistance'.

Strain 2 of IR-MBLP-PA isolate from
tubings of ventilator, strain 3 and strain 4 were
isolated from environmental sourceof OPERATION
THEATRE and POST OPERATIVE WARDS.
These strains could not be linked to nosocomial
infections caused by IR-MBLP-PA isolatesinthese
areas of the hospital. This underlines the
importance of strict infection control measures
preventing thetransmission of IR-MBLP-PA isolate
from environmental source to susceptibile patients.
It isnot possible to state that strainsisolated only
from the hospital environment during relatively
short period of theinvestigation have never caused
infection or would never do so if given the
opportunity. This does not rule out the possibility
of transmission of these strains to susceptible
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patientsin futureif strict infection control measures
are not practiced.

Few strains of IR-MBLP-PA from
noscomial infections were not found in any of the
environmental sources of the hospital. This
necessitates further workup to identify any other
environmental sourceof IR-MBLP-PA isolates in
the hospital. Though there is little evidence to
suggest healthy carriersamong health careworkers
assource of IR-MBLP-PA isolates, the possibility
cannot beruled out. Crespo et.al reported apatient
shifted from another hospital asasource of clinical
infections®. Tsakris et al. reported community
acquired IR-MBLP-PA isolates from feces from
healthy adults in community resulting in the
community acquired IR-MBLP-PA infections.
Some as yet unknown environmental species also
could be the sources of the mobile metallo-beta-
lactamase determinants that recently appeared
among gram negative pathogens'™.

Reduction in incidence of P. aeruginosa
and IR-MBLP-PA, 21.3% and 4.57% respectively
was achieved following strict infections control
measures for three months. Significant reduction
inincidencewasobserved in highrisk areas, MICU,
ICCU ,POST OPERATIVE WARD and BURNS
WARD. Maximum percentage of reduction of P.
aeruginosa and IR-MBLP-PA was observed in
suction apparatus and mops. (Table 3). Similar
observationswere made by Pitout et.al at Calgary
health region®2.

Neither environmental |IR-MBLP-PA
isolatesnor clinical infectionsdueto IR-MBLP-PA
isolateswere observed in NICU. However, abreach
in the strict infection control measures being
practiced may introduce |R-MBLP-PA isolatesinto
NICU from other ICUs as IR-MBLP-PA rapidly
spread in the hospital after their entry34812,

ThelCU wasdlearly the*MELTING POT”
for emergence, persistence and spread of IR-
MBLP-PA isolates. At Calgary health region. Pitout
et. a. have demonstrated ease with which MBL
producing strains accompanied patients when
transferred to other acute care centers of the same
hospital, nursing homes or the community.
However, these strains did not cause an outbreak
outside acute care center, underlining yet again
the importance of environmental reservoirs as a
source of nosocomial outbreaks due to MBL
producing P. aeruginosal2,

J. Pure & Appl. Microbiol., 5(1), April 2011.
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MBL-producing P. aeruginosa bacteria
areslowly but steadily increasing within hospitals,
causing outbreaks and/or hyper endemic situations
in several centers, mostly in the Far East and
South of Europe®. Japanese reports denote the
wide dispersion of MBL genesprincipally carried
on class 3integronsin 16 different speciesof gram
negative bacteria, which has also been indicated
inamore local setting?.

Timely detection of IR-MBLP-PA isolates
from different environmental sources, achieved by
active surveillance and hospital infection control
measures, appears to be crucial in decreasing the
incidence of IR-MBLP-PA noscomia infections
and the spread of these strains in the hospital.

CONCLUSIONS

1 This study underscores, the role of
hospital environment as potential source and/
reservoir of IR-MBLP-PA isolates necessitating
periodic environmental sampling in highrisk areas
of the hospital for detection of 1mipenem Resistant
Metallo-Beta-lactamase positive Pseudomonas
aeruginosa (IR-MBLP-PA)

2 Suction apparatus and sinks were found
to be most important sources of IR-MBLP-PA
isolates withahighincidenceinburnsward, MICU
and ICCU necessitating strict infection control
measures to prevent their spread to other areas of
the hospital

3 Curtains, beddings, linen, Aprons and
Gownsof health careworkersand hospital air were
not found to beimportant sources of IR-MBLP-PA
isolates

4, Antibiotic resistance pattern of
environmental IR-MBLP-PA isolates
(ANTIBIOGRAM TYPING) hdpinchoosinginitial
antibiotic for treatment

5. Strict infection control measures brought
down the incidence of environmental P.
aeruginosa and IR-MBLP-PA associated with
decrease in nosocomial infections due to this
isolate
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