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Abstract: Problem statement: Increasing Antimicrobial resistance in the Worlsl ¢onstantly
becoming a Global threat and there is an urgend neerevent its spread. Various studies of last
decade have shown reduced trends of antimicrobegs$tance in the pathogens as an outcome of the
Antimicrobial Stewardship Programs. In view of thise present four years’ study was carried out to
analyse the impact of Antimicrobial StewardshipdPamns on carbapenem resistance in Gram negative
isolates in a Tertiary care hospital in Indiankalved a retrospective analysis of carbapenenstessie

in Gram negatives for one year (July 2007 to Jup@8® followed by prospective evaluation of the
impact of stewardship interventions on resistanatems (July 2008 to Jun 201Bpproach: Our
study was staged into four parts: (1) July 2007dune 2008: Resistance patterns of Gram negative
isolatesE.coli, Klebsiella, Pseudomonas and Acinetobacter baumannii towards carbapenems were
studied. (2) July 2008: Phase | intervention progree Implementation of an antibiotic policy in the
hospital. (3) July 2008 to June 2010: The ImpacPbése | intervention programme was assessed
subsequently. (4) July 2010 to June 2011: Phasgdivention programme: Formation and effective
functioning of the antimicrobial stewardship contedt Results: The percentage resistance towards
carbapenems ik.coli, Klebsiella, Pseudomonas and A. baumannii from July 2007-June 2008 was
1.07, 13.1, 21.3 and 12.5% respectively. Phas¢ehiantion programme was initiated in July 2008
and Phase Il in July 2010 and a subsequent reductict.03% was observed in the carbapenem
resistantPseudomonas in the last stage of study period following theéementions. However the
resistance in the other Gram negati(escoli, Klebsiella andA. baumannii) rose and then stabilized.
Conclusion: An antimicrobial stewardship programme with susdi and multifaceted efforts is
essential to control the increasing resistanceiofaarganisms towards antibiotics.

Key words: Carbapenem resistance, gram negatives, antimarstgwardship program

INTRODUCTION be regulated and used judiciously to delay the
development of resistance. Misuse and overuseeskth
Antimicrobial resistance is not a new phenomenongrugs contribute to an even more rapid developroént
however, the current magnitude and the speed withesistance. After several decades of successful
which it is developing is a cause for global concer antimicrobial use, the emergence of multi-resistant
including our country. Studies and surveys indichte  bacteria pathogens, which are less responsive to
as much as half of all antimicrobial use is inajppi@te. therapy, is observed. Till now, Extended Spectiftim
Antimicrobial resistance not only increases matyali Lactamase (H®.) production by Gram negative
and morbidity in healthcare but also leads to $pga bacteria particularly in Enterobacteriaceae was
healthcare costs adversely affecting trade andonsidered as the most important threat to clinical
economies. The threat of the post antibiotic emn®  therapeutics (Livermore, 1998; Mathat al., 2002;
ahead (GARP, 2011). Antimicrobial agents have beetPaterson, 2006).
used in human medicine for more than 50 years, with  Therapy with a carbapenem has historically been
tremendous benefits to health. However, becausthe agent of choice for empiric therapy of infentio
resistance to antimicrobial drugs is expected tounc caused byAcinetobacter and other Gram negatives.
with their prolonged use, it is essential that sdolgs ~ However, resistance to carbapenems is increasing
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(Baumgartet al., 2010).1t is acquired mainly due to clinician took place and the doctors’ preferencesew
acquisition of genes responsible for expression ofnhcorporated in this policy.

Metallo-Beta-Lact MBL duci .
etallo-Beta-Lactamases ( $) producing enzymes an 2009 to June 2010: The Impact of Phase |

This not only renders the bacteria resistant tmtervention programme was assessed in the follgwin
carbapenems but also confers high-level resistémce ear (2009) and the first half of 2010 in terms of

all B-Igctams except aztreonam involving various hos ntibiotic resistance percentage of the Gram negati
organisms, most commonly Enterobacteriaceae, i< o\ates similar to the first year.
Pseudomonas and Acinetobacter. The need of the hour
is to develop a robust antimicrobial stewardshipJuly 2010 to June 2011: Phase Il intervention
programme which would enhance clinical outcomesprogramme: In July 2010 an antimicrobial stewandshi
reduce healthcare costs and minimize adverse gféfct programme was initiated which included the
antimicrobial use (toxicity and resistance). constitution of the Antimicrobial Stewardship
We conducted this retrospective analysis for scommittee. Its primary aim was to optimize clinical
period of four years (July 2008 to June 2011) tklo outcome and minimize unintended consequences of
for the antimicrobial activity of carbapenems ina@-  antimicrobial use namely toxicity and selectiondefig
negative bacilli isolated from various clinical speens ~ resistant pathogens. It was secondarily aimed daoe

in a tertiary care hospital in India. healthcare costs. The existing antibiotic guidelinere
re-examined and modified depending on the
MATERIALSAND METHODS antibiograms and discussion with  physicians.

Prospective audit with intervention and feedback an

The culture data of all samples was analyzed for &ormulary restriction and preauthorization wereoals
period of four years (July 2007 to June 2011) ie th followed. Rigorous infection control policies and
Microbiology lab of a tertiary care hospital. Therious pro_tocols were followed to prevent the spread oftimu
specimens obtained from the hospital included uyrineresistant pathogens. , ,
blood, respiratory (sputum, tracheal aspirate and The impact of Phaselll intervention was observed
broncho-alveolar Lavage), sterile body fluid, pusia in the following year with respect to carbapenem
stool specimens. Standard culture methods were uségSistance of Gram negative isolates.
and the isolates, both Gram positive and Gram hegat RESULTS
were processed for identification and antibiotic
sensitivity tests by the Vitek 2 Compact system  Of the 31414 samples received in the microbiology
(bioMerieux, Marcy I'Etoile, France), following CIUS |aboratory of a tertiary care hospital during thedy
guidelines (CLSI, 2007; 2009; 2011). The antibiogra period of 48 months (July 2007 to Jun 2011), there
of each confirmed isolate was studied and susaéptib were 11961 urine samples, 10244 blood samples, 4041
results were compiled with the WHONET 5.4 respiratory samples (sputum, tracheal aspirates and

programme. bronchoalveolar lavage), 1908 sterile body fluitizg9

_ pus and 1491 stool samples (Table 1). Urine cidture
Our study was staged into four parts: _ were the predominant sample type comprising of 1196
July 2007 to June 2008: The antimicrobial resistance samples out of a total of 31414 (38.07%).
data of the hospital isolates from various samplas There were a total of 6160 isolates obtained from

retrospectively analyzed over a period of one y@aly 31414 cultures (19.6%). Out of the total isolaté®5
2007 to June 2008). Resistance patterns of the mo§fere Gram negative showing a clear preponderance of
common Gram negative isolatés.coli, Klebsiella,  Gram negative pathogens in the hospital environment
Pseudomonas and Acinetobacter baumannii were (5007 of 6160, 81.2%). Among the Gram negatives
studied to determine the percentage of resistancecoli (44.1%), Klebsiella (20.2%), Pseudomonas

towards carbapenems. (15.05%) and A. baumannii (9.7%) were the
. ) predominant isolates.
July 2008 to Dec 2008: Phase | intervention According to our staged intervention plan, the

programme: In July 2008, the Phase | interventionesistance data of Gram negative isolaté&scoli,
programme was introduced in which the formulationKlebsiella, Pseudomonas and A. baumannii) was
and implementation of an antibiotic policy in the retrospectively analyzed over the period of oneryea
hospital was done. This dealt with Empiric antiliot (July 2007 to June 2008). The results are displayed
policy, Pre-surgical prophylaxis and Reserve drugTable 2. The percentage resistance towards
antibiotic policy. It was formulated on the basf<xGdC  carbapenems i&.coli, Klebsiella, Pseudomonas andA.
guidelines and the local antibiotic data and pibsw baumannii from July 2007-June 2008 was 1.07, 13.1,
preferences. For this, a detailed discussion wittrye  21.3 and 12.5% respectively.
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Table 1: Total cultures from July 2007 to June 2011

Total Total Gram negative Gram positive

Period samples Break-up isolates isolates (%)* lates (%)*
July 2007 - Jun 2011 31414 Urine 11961 2342 2068048 326 (13.91)

Blood 10244 997 733 (73.5) 264 (26.4)

Respiratory 4041 1312 1202 (91.6) 110 (8.3)

Pus 1769 948 571 (60.02) 377 (39.7)

Stool 1491 380 380 (100) 0

Fluids 1908 181 105 (58.01) 76 (41.9)

31414 6160 (19.6%) 5007 (81.2%) 1153 (18.7%)

*: Percentage out of Total Isolates

Table 2: Carbapenem Resistance in Gram negatioesJuly 2007 to Jun 2011

E.coli Klebsiella A. baumannii Pseudomonas
Period n* Carb®# (%) n* Carb®# (%) n* Carb®# (%) n* Carb®# (%)
July 2007-June 2008 278 3(1.07) 61 8 (13.1) 16 1225) 89 19 (21.3)
July 2008- Dec 2008 253 9(3.6) 108 31 (29) 27 6By ( 79 10 (12.6)
Jan 2009- Dec 2009 601 22 (3.67) 371 108 (29.1) 136 121 (88.9) 294 97 (32.9)
Jan 2010- Jun 2010 320 14 (4.38) 132 35 (26.5) 102 89(87.2) 86 30 (34.8)
July 2010- June 2011 759 46 (6.06) 343 99 (28.8) 520 188(91.7) 206 69 (33.4)

*: Total no. of isolates #: Carbapenem resistaslaies
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Fig. 1: Carbapenem resistance in gram negatives

Phase | intervention programme was initiated inand Pseudomonas witnessed a slight increase of 4.38
July 2008.The carbapenem resistanc&saudomonas  and 34.8% respectively.
reduced to 12.6% in the first six months periody(Ju Upon the introduction of Phase Il intervention
2008 to Dec 2008). However the resistance in therot programme in July 2010Pseudomonas showed a
Gram negativesE.coli, Klebsiella and A. baumannii further decrease in carbapenem resistance (33.4%) i
rose to 3.6, 29 and 62.9% respectively. In thehe following year (July 2010 to June 2011).
subsequent year (Jan 2009 to Dec 2009), thélowever, the percentage of carbapenem resistance in
carbapenem resistance lHroli andKlebsiella showed E coli, Klebsiella and A. baumannii rose to 6.06,
stable figures of 4 and 29.1% respectively. Howener 28.8 and 91.7% respectively.
A. baumannii and Pseudomonas the resistance showed Following this programme a significant decrease of
significant increase to 88.9 and 32.9% respectivEie  4.03% was only observed in case of carbapenem
trend of decreasing resistance continued in the sigx resistant Pseudomonas. The rest of the resistance
months (Jan 2010-June 2010) fifebsiella and A. patterns were somewhat stable possibly indicating a
baumannii as 26.5 and 87.2% respectively bHtcoli more prolonged time period required to have an
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impact or the natural evolution of antimicrobial function of this committee was to optimize clinical

resistance (Fig. 1). outcome and minimize unintended consequences of
antimicrobial use namely toxicity and selectiondofig
DISCUSSION resistant pathogens, modify existing antibiotic

guidelines as required depending on the antibiogram
There are a large number and variety of newand discussion with physicians. It also includedtsn
resistance mechanisms that have emerged and théity roles Prospective audit with intervention and
preliminary detection is important for infectionntml  feedback and formulary restriction and preauthtioza
and adequate therapeutic guidance. which were implemented in combination with rigorous
In our study, the impact of Antimicrobial infection control policies and protocols to prevéne
Stewardship Programs run in two phases (Phase | ifurther spread of multi-resistant pathogens. It aiased
July 2008 and Phase Il in July 2010) was evaluatetb secondarily reduce healthcare costs. As recomaten
with respect to the carbapenem resistance in Grary Patelet al. (2008), the Antimicrobial Stewardship
negatives E.coli, Klebsidla, Pseudomonas and A. interventions include prospective audit and intetiza,
baumannii. Reviews by MacDougall and Polk (2005) formulary restriction, education, guideline devetwmnt,
and Fishman (2006) have also summarized similaglinical pathway development, antimicrobial ordemfs
studies on impact of stewardship interventions orand the de-escalation of therapy.
antimicrobial use. The impact of this program was observed in the
The first phase was somewhat successful ifextyear (July 2010 to June 2011)Rseudomonas as
reducing the carbapenem resistance only irflecrease in carbapenem resistance percentage (33.4%
Pseudomonas. However, the resistance percentagewas observed. However, all the other Gram negatives
increased irE.coli, Klebsidlla andA. baumannii to 3.6, (E coli, Klebsiela and A. baumannii) showed a
29 and 62.9% wherA. baumannii showed the highest significant increase in resistance as rose to 62863
increase in resistance (from 21.3-62.9%). Thisadd and 91.7% respectively.
because of entry of MDR. baumannii from outside as In our studyPseudomonas showed varying degrees
the infection control practices and protocols wereof resistance towards carbapenems. The rest of the
followed religiously in the hospital. Also it indited  yesjstance patterns were somewhat stable possibly
that perhaps there was continuing misuse Ofpgicating a prolonged time period required to hawe
carbapenems. Studies suggest that the increase jiinact or the natural evolution of antimicrobial
Resistance ofPseudomonas and A. baumannii 10 yegisiance. The resistance to carbapenems espéniall

carb_apenems. may result from qhanges in the penicill Pseudomonas results from reduced levels of drug
binding proteins and porins. Since carbapenemsr ente

the bacterium through the porins, one could pottula accumulation  or _mcreased expression of pump
that porins changes could be involved in the insirea efflux12_. The resistance may also be due_ to the
resistance to these antibiotics (Nordmann and PoireProduction of Metallo-B-Lactamases (MBL) which can
2002; Oliver, 2004; Poirel and Nordmann, 2006).sThj b€ chromosomally encoded or plasmid mediated
explains the reason behind continuous increase dfNavaneethet al., 2002; Hancock, 1998). Our results
carbapenem resistance ifPseudomonas and A.  are supported by Forster and Daschner (1998) and
baumannii to 32.9 and 88.9% respectively the  Gonluguret al. (2004) in their studies showing varying
following year (2009) as the other Gram negativegesistance (4-60%) ofPseudomonas towards these
E.coli and Klebsiella showed stable figures ofdrugs across the World.
resistance(4 and 29.1% respectively). The most recent investigation regarding the
There was a decrease in resistance observedtn firsuccessful control of the hypervirulent strain ©f
half of 2010 (Jan 2010 to June 2010) Kdebsiella and  difficile used a combination of antimicrobial interventions
A. baumannii as26.5 and 87.2% respectively Hgtoli and enhanced infection control (Mutg al., 2007).
and Pseudomonas witnessed a slight increase (34.8 andNonetheless, antimicrobial stewardship programs are
4.38%). Under this situation of overall increasingassociated with clear value and will be increasiragi
resistance, it was felt that a formalized Antimlied  integral part in the inpatient healthcare settiMgtional
stewardship committee be formulated and a boosingiv and international organizations have recognized the
to the antimicrobial stewardship programme as theyrowing problem of antimicrobial resistance and ehav
impact of the Phase | intervention was waning. Thigpublished recommendations to combat this problem
resulted in the introduction of the Phase Il inegtion  (Brown and Nathwani, 2005; DH, 2000; WHO, 2001).
program in July 2010 which involved the constitntio Althoughresistance is a worldwide concern, it is first and
of the Antimicrobial Stewardship committee. The foremosta local problem: selection for and amplification
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of resistantmembers of a species are occurring inCLSI, 2011. Performance standards for antimicrobial

individual hospitals (andommunities), which can then susceptibility testing; twenty-first informational

spread worldwide (O’'Brien, 1997; 2002). supplement. Clinical and Laboratory Standards
Institute, Wayne, PA.

DH, 2000. UK antimicrobial resistance strategy and

In conclusion, our study highlights the increasing_ action plan. Department of Health. .
resistance in  Gram-negative  bacteria towardd-ishman, N., 2006. Antimicrobial stewardship. Am. J
carbapenems in our hospital. As our study was dichit Med., 119: S53-S61. PMID: 16735152
to the carbapenem resistant bacteria isolated frorforster, D.H. and F.D. Daschner, 199&inetobacter
patients in a tertiary care hospital, true extefit o  Species as Nosocomial Pathogens. Eur. J. Clin.
resistance to these agents among bacterial isdtates Microbiol Infect. Dis., 17: 73-77.
community acquired infections may be considerablyGARP, 2011. Rationalizing antibiotic use to limit
low. In this study, though we have initiated an antibiotic resistance in India. Indian J. Med. Res.
antimicrobial stewardship program and have started 134:281-294.
conducting audits, we have not vey stringently kbk Gonlugur, U., M.Z. Bakici, I. Akkurt and T. Efeoglu
at the dosages and pharmacodynamics and 2004. Antibiotic susceptibility patterns among
pharmaCOkinetiCS. In addition, regular antimicrdbia respiratory isolates of Gram_negative bacilli in a
susceptibility surveillance and a comparison ofrf Turkish university hospital. BMC Microbiol., 4:
daily dosages with the antimicrobial resistance are 35.32 DOJ: 10.1186/1471-2180-4-32
essential to evaluate the actual outcome of @MYancock, R.E., 1998. Resistance mechanisms in
antimicrobial stewardship program. There is alseed Pseudomonas aeruginosa and other
to emphasize on the rational use of antimicrobéald nonfermentative gram-negative bacteria. Clin.

strictly adhere to the concept of “reserve drugs” t Infect. Dis., 27: S93-S99. PMID: 9710677

minimize the misuse of available antimicrobials. Livermore, D.M.. 1998. Beta-lactamase-mediated
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