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Situacao Atual no Brasil: Problemas para
Determinar

» Atencao as Politicas de Monitoramento Desenvolvidas.

>

wt Politicas de Monitoramento do Consumo de Antimicrobianos no SUS.

Sistema de Informacao que integre os resultados microbiologicos dos Hospitais do
Sistema Unico de Saude (SUS).

Sistematizacao no Controle de Qualidade dos Laboratorios de Microbiologia dos
Hospitais.

Definicao dos cut offs dos testes de susceptibilidade aos antimicrobianos com base
na realidade Nacional.

Retorno aos Hospitais dos Resultados dos Sistemas de Vigilancia Desenvolvidos.

Sistematizacao na Divulgacao dos Resultados dos Sistemas de Vigilancia
Desenvolvidos.

Politicas de Prevencao e Controle que envolva a participacao de Toda a Sociedade.
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Agéncia Nacional de Vigilancia Sanitaria (Anvisa)
Rede Nacional de Monitoramento da Resisténcia Microbiana em

Servicos de Saude - Rede RM: Resisténcia Microbiana em IPCSL
relacionada a CVC em UTI (2012)

Para classificacao do MICro-0rganismo como sensivel, intermediario ou resistente a determinado antimicrobiano, apm}iimada-
mente 34,3% dos servicos de satide utilizaram os critérios estabelecidos pelo “Clinical Laboratory Standards Institute” (CLSI),
enquanto que 8,1%¢0,2% dos servicos de saide seguiram ag ueles recomendados pela Nota Técnicada Anvisa 01/2010 ¢ PEIG
“European Committee on Antimicrobial Susceptibility Testing” (EUCAST), respectivamente. Lamentavelmente, 2,2% das
unidades de saide afirmaram utilizar outra mn:todulogia para analise dos seus resultados, enquanto 23,2% das unidades de

saude nao informaram quais as recomendacoes técnicas eram seguidas pelos seus respectivos laboratorios de microbiologia,

pols 0s formularios utilizados pn:[c- estado de Sao Paulo, que concentra a maior parte das notificacoes, nao questionavam a
época, ainformacao da metodologia utilizada. O mesmo pode ser observado nos dados referentes as UTTs pediatrica e neonatal.
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Figura 5. Porcentagens dos fenétipos de resisténtierentre os bacilos Gra is frequentemente notificados
como agentes etiologicos de IPCSL em pacientes adultos hospitalizados eyt UTls (Brasil, 20y 2).
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Tabela 4. Porcentagens de resisténcia e sensibilidade entre os micro-or

frequentemente notificados

gaptsmos mat

M etiologicos de IPCSL em pacientes adultos hospitalizadod em UTls de apordo com a regido geografica
Brasil, 2012).

Microorganismos® Norte Nordeste Centro- Sul Sudeste N Total
Qeste (%)

Escherichia coli 1126
Sensivel as cefalosporinas de amplo espectro e carba- 100 (57.1) 103 (68,2) 59 (58,4) 169 (74,4) 323 (68.4) 754 (66,9)
penens
Resistente as cefalosporinas de amplo espectro, mas 66 (37.7) 44 (29,1) 28 (27,7) 56 (24,7) 107 (22.7) 301 (26.7)
sensivel aos carbapenens
Resistente as cefalosporinas de amplo espectro e 9 (5,1) 4(2,0) 14 (13,9) 2(0,9) 42 (8,9) 71(6,3)
carbapenens
Klebsiella pneumoniae 2363
Sensivel s cefalosporinas de amplo espectro e carba- 71 (43.0) 134 (37,6) 77 (32,5) 113 (45,7) 528 (38,9) 923 (39,1)
penens
Resistente as cefalosporinas de amplo espectro, mas 87 (52,7) 130 (36,5) 61 (25,7) 94 (38,1) 469 (34,5) 841 (35.6)
sensivel aos carbapenens

7 (4,2) 92 (25,8) 40 (16,2) 361 (26.,6) 599 (25,3)

carbapenens

Resistente as cefalosporinas de amplo espectro @



Frequéncia de Enterobacteriaceae produtoras de
carbapenemases KPC-2, NDM-1 e OXA-48-like por
material clinico, Servicos de Saude Brasileiros, LAPIH,
2007 - jun 2014 (n=4996)
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Recommendations

for the control of
Multi-drug resistant
Gram-negatives:
carbapenem resistant
Enterobacteriaceae

R ? T ? ?TTT ? Movember 2013

AUSTRALIAN COMMISSION
on SAFET Y ann QUALITY w HEALTH CARE

* Both CLS! and EUCAST now have lower
clinical breakpoints for the carbapenams,
but none were specifically set to ensure high

sensitivity to the presence of carbapenemaseas.

\

Laboratories using semi-automated methods for susceptibility testing should also undertake
or seek molecular confirmation of all Enterobacteriaceae with a meropenam minimum inhibitory
concentration (MIC) of = 0.25 mg/L, especially from high-risk patients or units.

All suspected CRE isolates should be subjected to molecular screening for at least the known
suite of carbapenemase gene families that have so far been seen in Enterobacteriaceae in
Australia: IMP, VIM, OXA-48 and OXA-48-like, KPC and NDM.



2.4.1 Screening for carbapenemase-production
EURDPEAN COMMITTEE . .
E l I I A S T 0N ANTIMICROBIAL Carbapenem MICs for carbapenemase-producing Enterobacteriaceae may be below
SUSCEPTIBILITY TESTING

the clinical breakpoints (10, 11, 13). However, the ECOFF values as defined b
European Soclety of Clinlcal Microblology and Infecilous Olseases _

Table 1. Clinical breakpoints and screening cut-off values for carbapenemase-
producing Enterobacteriaceae (according to EUCAST methodology).

EUCAST guidelines for detection of resistance

. . . . . Disk diffusi diamet
mechanisms and specific resistances of clinical MIC (mg/L) soalliy B e s 2RISR
d/ demiological i it Carbapenem (mm) with 10 pg disks
andyor epigemiological Importance S/1 prEakpoint Scréeging | S/1 breakpoint | Screening cut-
) cut-o off
Version 1.0 Meropenem® <2 >0.12 \ =22 <257
December 2013 - 3
Imipenem <2 =1 \ =22 <23
Ertapenem® <0.5 >0.12 >25 <25

!Best balance of sendtivity and specificity
’In some cases zone dixqeters for OXA-48-progdcers are up to 26 mm, so <27 mm may be

used as a screening cut-o i ere OXA-48 is endemic, but at the expense of
lower specificity.

*With imipenem, the separation between the wild-type and carbapenemase-producers is

relatively poor. Imipenem is therefore not recommended for use as a stand-alone screening
test compound.

4High sensitivity but low specificity, and therefore not recommended for routine use.
LAPIH - 10C/FIOCRUZ
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C2. Triagem de enterobactérias produtoras de carbapenemases i

Agéncia Nacional de Vigilincia Sanitaria

{
2

Ao realizar TSA de

tes hospitalizados, o laboratorio

star simultaneamente ertapenem, imipenem e meropene

T —
[solados com diametro de halo de inibicdo =< 22 mm ou cnn@i ;Lgfm@

<__imipenem e/ou m@ 1solados com diametro do halo de inibicdo = 24 mm, ou
CIM = 1 pg/mLpara ertapenem_everdo ser testados, de modo suplementar, com

isCos de meropenem e imipenem com e sem adi¢do de EDTA, cloxacilina (C@
e ilbordnico (AFB).

80 S-Ei_] a utilizado NOTA TECNICA N° 01/2013

MEDIDAS DE PREVENCAO E CONTROLE DE
INFECCOES POR ENTEROBACTERIAS
MULTIRESISTENTES.

C3. Utilizacao do teste de Hodge modificado. potenciadores e inibidores para

deteccao de ¢

teste de Hodge modificado, amplamente utilizado em laboratérios de diagno

microbiologico em todo o Brasil, apresenta baixa sensibilidade para detecciao de NDM
LAPIH - 10C/FIOCRUZ

=50%); portanto, até que mais evidéncias cientificas sejam acumuladas este teste

deve ser uli teccio de carbapenemases, em
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cmerg Infect Dis. 2011 Oct;17(10):1791-8. doi: 10.3201/eid1710.110655.

Global spread of Carbapenemase-producing Enterobacteriaceae.
Nordmann P!, Naas T, Poirel L.
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http://www.ncbi.nlm.nih.gov/pubmed/?term=Clinical+epidemiology+of+the+global+expansion+of+Klebsiella+pneumoniae+carbapenemases
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Table A2.20 Klebsiella pneumoniae: Resistance to carbapenemss=

AE?%%@; Region of the Americas
onsukveila
Countries, territories : Type of surveillance, | Period Year of
b c d Resistance | No. tested : o
; and other areas or Data source® & : population or for data publication
: (%) isolates :
2014 groupings samplest collection or report
@=== Antigua and Barbuda Mo information obtained for this report
Argentina National data il 1622 Hospital isolates 2010 2013
8 (mem)
Bahamas No information obtained for this report
Barbados No information obtained for this report
Belize No information obtained for this report
Bolivia (Plurinational | ional data & (imi; 1176 Hospital isolates 2010 2013
State of) 5 (mem)
Brazil National data not available 2013
Ot
Brazil Publication (743 1.6 etp) 63 Clinical isolates 2009 2011
Canada National data 0 226 Sentinel hospitals 2011 2013
Chile National data not available 2013
Colombia National data 6 {imi); 4561 Hospital isolates 2010 2013
7 (mem)
Costa Rica Mational data not available 2013
Cuba National data o (imi); 39 Hospital isolates 2009 2013
6 (mem)
Dominica No information obtained for this report
ISR Dominican Republic MNational data 0 2021 Hospital isolates 2009 2013
Ecuador MNational data Z 933 Hospital isolates 2010 2013
El Salvadaor MNational data Z 490 Hospital isolates 2010 2013




Dados da Rede de Monitoramento
2006 a 2012

Resisténcia aos Carbapenemas
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Enterobactérias dos Servicos de Saude Brasileiros Investigadas pel
Producao de Carbapenemase KPC-2, Material Clinico e de Vigilanci

jun-2014 (n=7.677)
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Evolucao da KPC-2 Enterobacteriaceae em Estados
Brasileiros, Materias Clinicos enviados ao LAPIH,
2010 a Jun-2Q14 (n=3.877)
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Enterobacteriaceae produtoras de
carbapenemases KPC-2, OXA-48-like, NDM-1,
Servicos de Saude do Brasil, LAPIH
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Enterobacterias dos Servicos de Saude Brasileiros
Investigadas pelo LAPIH quanto a Producao de
Carbapenemase NDM-1, 2013 e jun-2014
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Enterobactérias Produtoras de Carbapenemases OXA-48-like,
Servicos de Saude Brasileiros, LAPIH - 2012 a 2014 (n=38)
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Likely multicenter plasmid outbreak among clonal
KPC-2-producing Enterobacteriaceae species.

A B Others C
Hospital
mm KPC-2-producing klebsiella pneumoniae PFGE-type B (n=13)
mmm KPC-2-producing Klebsiella pneumoniae PFGE-type A (n=18)
KPC-2-producing Enterobacter aerogenes PFGE-type A (n=23)
—>¢40-Kb Plasmid carrying blaKPC-2 (n=14)
—40-Kb IncN Plasmid carrying blakpc-2 (n=11)

ECMID, 2015
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Gomes MZR, Tavares CP, Pereira PS, Cassiano |, Lobato LC, Faria Junior

CL, Tassinari WS, Asensi MD, Assef APAC
LAPIH -1 OC/FIOCRUZ

Half of KPC-2-producing K. pneumoniae (n=20) was
recovered from blood, while 70% (n=19) of KPC-2-
producing Enterobacter spp. was recovered from rectal
swabs and none from blood. Thirteen percent (5/39) of K.
pneumoniae and 33% (9/27) of E. aerogenes had
polymyxin B MIC >2 pg/ml
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Correa ef al. BMC Infectious Diseases 2013, 13:80
httpy/fwww.biomedcentral.com/1471-2334/13/80

BMC
Infectious Diseases

RESEARCH ARTICLE Open Access

A hospital-based matched case—control study to
identify clinical outcome and risk factors
associated with carbapenem-resistant Klebsiella
pneumoniae infection

Luci Correa’*", Marines Dalla Valle Martino?, Itacy Siqueira®, Jacyr Pasternak’, Ana Cristina Gales®,
Claudia Vallone Silva', Thiago Zinsly Sampaio Camargo®, Patricia Faria Scherer* and Alexandre Rodrigues Marra®
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Table 3 Resistant mechanisms detected in different strains

Strain GES CTX-M 2 ompK35 ompk36
1 NEG POS =2072 »>2072
2 MNEG POS >2072 MNA

3 NEG POS >2072 >2072
4 NEG POS =2072 NA

5 MNEG POS 1000 >2072
6 NEG POS >2072 MNA

7 NEG POS >2072 1000
8 NEG POS 1000 1000
9 POS POS 1000 >2072
10 NEG POS 1000 MNA
11 NEG PO5 1000 NA
2% NEG MEG 1000 MNA
13% MNEG POS 1000 1000
14 MNEG MEG 1000 1000
15 NEG PO5 MNA, 1000
16 NEG POS >2072 1000
17 MNEG POS 1000 MNA

* The isolates 12 (susceptible strain) and 13 (resistant strain) are from the

same patient.
e KPC em Sao Paulo - 20




@ MEM INST OSWALDO CRUZ, RIO DE JAMEIRO, 108(1) FEBRUARY 2013

Qutbreak of carbapenem-resistant Klebsiella pneumoniae: two-year
epidemiologic follow-up in a tertiarv hosnbital

Graziella Hanna Pereiral *; [
Fantil; Anna S Levin?®
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Monthly distribution of genotypes and rates of infection per 1,000
patients-days of carbapenem-resistant Klebsiella pneumoniae and 1n-

terventions measures, from October 2008-December 2010 1n Hospital
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Genetic polymorphism: The PFGE analysis, displayed 6 clonal groups among K. pneumoniae isolates, 2 among
A. punctata isolates and 9 among Enterobacter sp. The same clonal groups of Enterobacter sp. were observed in
different points, including in Flamengo Beach (Figure 4).

b

||| ®8s8B Rc2  ApA
[ |||]| es89A Rcz ApA
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KPC-producing Bacteria detected in Aquatic Ecosystem from Rio de Janeiro

C.E.M. Araujo’, D.M. SilvaZ, M.T. Carneiro>, M.D. Asensi’, V. Zahner’, A.P.D’A. Carvalho-Assef’. Acknowledgment:

1 aboratério de Pesquisa em Infeccdo Hospitalar (LAPIH) — IOC/FIOCRUZ — Brazil;
2Departamento de Saneamento e Saide Ambiental (DSSA) — ENSP/FIOCRUZ — Brazil; FIOCRUZ




Drugs, animals and mutations

The World Health Organization has detected increased bacterial resistance to antibiotics
as a direct result of overuse of drugs in agriculture

Path of resistance

o gh

Same antibiotic

Antibiotic given to ,
given to humans

farm animals to

keep them heanhy has no effect as the
pathogen is already
immune
L —p
* —
ﬁ
Antibiotic
protects animal @
against known strains Mutated form of bacteria Humans infected by mutant
of bacterial infection resists antibiotic, bacteria after consumption
contaminates meat of infected meat

Souvrce: WHO AP




Wagenlngen U R I_lve StOCk Re SearCh The conclusion on antibiotic use in Brazilian livestock are:

+ There is no information available about used/sold quantities of veterinary antibiotics in Brazil.
Partner In livestock innovations + Growth promoters (AGP’s) are commonly used on pig and broiler farms producing for the home
market.
* Production for the EU market at present is without the use of growth promoters and completely
| separated from other production
+ Based on qualitative information, the therapeutic use of antibiotics in Brazilian broiler production is
estimated to be substantially lower than the average on Dutch broiler farms in 2011. There is no

estimation for antibiotic use in Brazilian pig production.

The expectations for Brazilian veterinary antibiotic use in the next 3 to 5 years are:

+ | Monitoring of veterinary use will start in the future, but it might take 5 — 10 years to establish
adequate monitoring systems. There is currently debate about extending the existing monitoring
from 17 to 140 substances, including all antibiotics (Proposal Ordinance nr. 137, 2011).

s+ There will be an increasing pressure by EU and other markets regarding veterinary use of
antibiotics. Brazil will accept more stringent regulations on antibiotics to keep the market.

Report 714 ; + There will be an increasing pressure from the Brazilian Ministries of Health and of Agriculture. The
expectation is that many ‘critical’ antibiotics will be banned.
+ An on-going advantage of Brazil compared to Europe will be the strongly integrated animal
Antibiotic use in Brazilian broiler and plg production chain, with strict external (and internal) biosecurity measures for each production step.
S S : The use of antibiotics is strictly regulated within the integrations.
prOdUCtlon' an indication and forecast of + A shift to further intensification of production in the Central West region of Brazil, with much larger
trends farms, a hot climate and more mechanical ventilation, could put some pressure on the good
animal health status and increase the need for therapeutic use of antibiotics in pig and broiler
production.

® |The use of AGP’s in Brazilian broiler and pig production for the home market will probably go on,
due to the expected economic benefits. In addition, there is a high pressure from pharmaceutical
companies, which due to interviewees would hinder a reduction of use and restructuring of animal

March 2014 production systems
—_—




Brazilian Journal of Microbiclogy (2008) 39:738-740
ISSN 1517-8332

Table 1. Antimicrobial resistance of Campylobacter spp. strains

ANTIMICROBIAL RESISTANCE IN CAMPYLOBACTER spp 1soLatep rrom  150lated from broiler flocks
BROILER FLOCKS

Lt KoL Rechtas S Lot ey ANUDICTOONRLArOg - Humber T T
Amoxicillin 15 0-32 730 27
Ampicilhin 12 1444 & 0 18
Cettiofur 9 0-24 3 33 33
Colistin 20 Q.32 S0 20 0
Doxyeycline 10 1230 9% 0 10
Enrofloxacin 17 0-30 17 12 711
Erythromycin 10 1130 9 0 10
Spiramycin 10 1330 60 20 20
Estreptomicina 14 1030 8 0 4
Gentamicin 11 2330 100 O O
Lincomycimn-Spectinomyecin 5 31 100 0 0
Lincomycin 12 0-30 17 33 50
Neomycin 6 028 50 0 30
Norfloxacin 14 0-38 72 14 14
Penicilin 12 0-26 58 0 42
LAPIH - I0C/FIOCRUZ TEtrE-CFE]JIlE 14 ﬂ_q{} 5? U 43

5= sensitive I= intermediate B= resistant.



MICROBIAL DRUG RESISTANCE
Volume 15, Number 4, 2009

@ Mary Ann Liebert, Inc.

DOI: 10.1089,/mdr.2009.0050

VETERINARY MICROBIOLOGY

CTX-M-2—Producing Salmonella Typhimurium Isolated
from Pediatric Patients and Poultry in Brazil

Sueli A. Fernandes! David L. Paterson® Angela C. Ghilardi-Rodrigues, P
Jennifer M. Adams-Haduch? Ana T. Tavechio! and Yohei Doi”

Dice (Tol 1.5%-1.5%) (H>0.0% $>0.0%) [0.0%-100.0%]
FGE

PFGE
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PFGE profile Strain No.
804/04
1523/04
390/04
1526/04
1527/04
1528104
1612/04
1613/04
1524/04
581/03

FIG. 1. Dendrogram for Salmonella Typhimurium isolates generated by pulsed-field gel electrophoresis (PFGE).

Isolate Origin City AMP CAZ CPM CTX CRO Additional resistance PFGE  ESBL
581/03  Patient Porto Alegre >256 24 >32 =32 =32 AMC® ATM CO SF SFT TT A CTX-M2
390/04  Patient Sao Paulo =256 8 =32 =32 =32 AMC® ATM ET SFSFT TT B CTX-M2
804/04 Poultry Sao Paulo =256 8 =32 =32 >32 ATMETSFSFTTT C CIxX-m2
1523/04 Drag swab Porto Alegre >256 12  >32 =32 >32 AMC ATM ET SF SFT TT C CTX-M2
1524/04 Drag swab Porto Alegre >256 8 >32 >32 >32 ATM ETSFSFTTT D CTX-M2
1526/04 Drag swab Porto Alegre =256 16 >32 =32 =32 AMCATMETGNSFSFTTT B  CITX-M2
1527/04 Drag swab Porto Alegre >256 12 >32 =32 =32 AMC ATM ET SF SFT TT B CTX-M2
1528/04 Drag swab Porto Alegre >256 12 >32 =32 =>32 AMC" ATM ET SF SFT TT B CIX-M2
1612/04 Drag swab Porto Alegre >256 12 >32 =32 =32 AMC® ATM ET SF SFT TT B CTX-M2
LAPIH - 10C/FIOCRUZ 1613/04 Drag swab FPorto Alegre =256 12 >32 >32 >32 AMC" ATM ET SF SFT TT B CTX-M2

Intermediate resistance.

AMC, amoxicillin/clavulanic acid; AMP, ampicillin; ATM, aztreonam; CAZ, ceftazidime; CTX, cefotaxime; CRO, ceftriaxone; CPM,
cefepime; CO, chloramphenicol; ET, streptomycin; GN, gentamicin; SFT, trimethoprim /sulfamethoxazole; SF, sulfonamide; TT, tetracycling;
MIC. minimum inhibitory concentration: PEGE, pulsed-field gol electrophoresis: ESBL., extended-spectrum B-lactamase.



o Findings Between 2000 and 2010, consumption of antibiotic drugs increased by 36% (from 54083 964 813 standard
units to 73620748816 standard units). Brazil, Russia, India, China, and South Africa accounted] for 76% pf this
increase. In most countries, antibiotic consumption varied significantly with season. There was increased
consumption of carbapenems (45%) and polymixins (13%9¢), two last-resort classes of antibiotic drugs.
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Figure 1. Colistin, tigecycline, and gentamicin resistance rates among
Klebsiella pneumoniae isolates harboring the blagpc., and blagpc.3 genes.
Abbreviation: KPC, Klebsiella pneumoniae carbapenemase.
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According to CLSI 2011 breakpoints,” most of the isolates were
resistant to B-lactams, such as cefotaxime (93.8%), ceftazidime
(87.6%) and piperacillinftazobactam (100%). All isolates were
non-susceptible to ertapenem (MICsy =32 mg/L, MIC range
2-=32 mg/L), 99.1% to imipenem (MICsq =32 mag/L, MIC range
1-=32 mg/L) and 99.1% to meropenem (MICsp =32 mg/L, MIC
range 0.5->=32 ma/L). We opserved elevated resistance to
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Figure 2. Kaplan-Meier curves showing the impact of combination
therapy (solid line] versus monotherapy (dotted ling] on 30-day mortality
of patients with Klebsiella pneumoniag carbapenemase-producing
K. pneumoniae isolate bloodstream infections (P=002).

in Bloodstream

Table 4. Outcomes of the 36 Bloodstream Infections Treated
With Combination Therapy Including Meropenem Stratified by
Meropenem Minimum Inhibitory Concentration

No. (%)
Meropenem MIC (mg/L) ~ Total ~ Nonsurvivors  Survivars
1 1 0 1(100)
2 4 0 4(100)
4 10 2 20) 8 (80)
8 4 1(29) 3(75)
>16 17 635.2) 11(64.7)
Total 36 9 (25) 27 (75)

Abbreviation: MIC, minimum inhibitory concentration.

against the isolate is essential in these cases. Indeed, even
though all of the patients included in this cohort received at



Clinical epidemiology of the global expansion of Klebsiella T"®
pneumoniae carbapenemases

L Silvia Munoz-Price, Laurent Poirel, Robert A Bonomo, Mitchell | Schwaber, Georgel Daikos, Martin Cormican, Giuseppe Cornaglia, Javier Garau,
Marek Gniadkowski, Mary K Hayden, Karthikeyan Kumarasamy, David M Livermore, Juan | Maya, Patrice Nordmann, Jean B Patel,
David L Paterson, Johann Pitout, Maria Virginia Villegas, Hui Wang, Neil Woodford, John P Quinn

UsA=s Crete™ USA™ LS == Israel™ USA= USA™* |Israel™ Israel'® [Haly> Italy™  Greece'® Spain=
(2009) (2009) (2009) (2010) (2010) (2010) (2040) (2011) (2041) (2011) (2012) (2012) (2012)
Increased hand hygiene Yes Yes Yes Yes* o - Yes - Yes Yes™ Yes Yes* Yes
precautions
Increased compliance with gowns  Yes Yes Yes es™ Yes Yes Yes Yes Yes Yes™ Yes Yes® Yes
and gloves
Rectal surveillance initiated Yes - Yes Yest Yes Yes Yes Yes Yes Yes™ - Yesi Yes
Grouping of KPC-positive patients  Yes .- Yes Yest Yes Yes Yes Yes Yes Yest Yes Yest Yes
Grouping of staff caring for KPC- Yes - Yes Yest Yes Yes Yes Yes Yes Yest - Yest
positive patients
Education on hospital Yes Yes - - - Yes Yes Yes Yes Yes*® Yes - Yes

epidemioclogy of KPC among
health-care workers

Increased envircnmental cleaning  Yes Yes - - - Yes Yes Yes Yes Yes*® Yes Yest Yes
Cultures of ervironmental surfaces - Yes - - - Yes Yes - - - Yes Yes* Yes
in patients’ rooms
Daily chlorhexidine baths - = = - - Yes Yes - - - - - Yies

Regular infection control reports - - - - Yes Yes Yes Yes Yes - - Yest
of new cases to affected units

Flagging of cases in hospital - s s - Yes - - Yes Yes s - -
database

Closing the [CU Yes .- .- Yes®

Surveillance cultures obtained - as as - - - - = - - - - as
from staff

Dedicated equipment for KPC- - .- Yes - - - - - Yes - Yasg
positive patients

Decreased antibiotic use or - = = Yes*® - - - - Yes - - -
antibiotic restriction

Outbreak improwved or controlled Yes Yes Yes Yes, during Yes Yes Yes Yes - Yes, during Mo Yes, during second  Yes
LAI second phase second phase and third phases

ICU=intensive care unit. KPC=Klebsiella pnevmoniae carbapenemase. —=not reported. Symbols represent bundles that were implemented in a staggered fashion: * first phase; tsecond phase; 2third phase.

Table 3: Infection control interventions for the containment of Enterobacteriaceae positive for Klebsiella pnevmoniae carbapenemase
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