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!An8bio8c	
  use,	
  resistance	
  and	
  Hospital	
  Acquired	
  Infec8ons	
  
with	
  G-­‐	
  carbapenem	
  resistant	
  G-­‐	
  nosocomial	
  infec8ons	
  



Where	
  does	
  the	
  an8biotrics	
  come	
  from?	
  

Government	
  &	
  Health	
  system	
  

Prescribers	
  

Dispensers	
  

Pharmaceu8cal	
  companies	
  

Hospitals	
  

The	
  public	
  -­‐	
  pa8ents	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  

20%

80%



Vietnam study sites  

410 km2; 
476 person/km2 
247,000 persons 

Bavi	
  district	
  
	
  

Hanoi	
  city	
  
920 km2; 
3,415 person/km2 
4,5 million persons 

Descriptive study:  
using quantitative and qualitative 

approaches 

Filabavi	
  



Method	
  1.	
  Ques8onnaire	
  assessing	
  an8bio8c	
  use	
  in	
  the	
  study	
  	
  
popula8on	
  through	
  interviews	
  with	
  the	
  caretakers.	
  Four	
  trained	
  	
  
interviewers	
  conducted	
  the	
  interviews.	
  

Method	
  2.	
  Naso-­‐pharynx	
  and	
  throat	
  specimens	
  were	
  collected	
  from	
  
the	
  study	
  popula8on.	
  Respiratory	
  isolates	
  were	
  tested	
  for	
  an8bio8c	
  
suscep8bility	
  according	
  to	
  the	
  standard	
  disk	
  diffusion	
  method.	
  

Antibiotic use and resistance community studies 
in Bavi 1999, 2007 and 2013 



No	
  An8bio8c	
  	
  
Use	
  38%	
  

An8bio8c	
  use	
  among	
  823	
  children	
  during	
  28	
  
days	
  in	
  Bavi	
  2007	
  

An8bio8c	
  	
  
Use	
  62%	
  

Ampicilline/	
  	
  
Amoxycillin	
  49%	
  

Macrolids	
  3%	
  

Trimetoprim/	
  
Sulpha	
  11%	
  

Cephalosporins	
  
27%	
  

Other	
  3%	
  

Self treatment 16% 
Drug store  30% 
Private clinic  24% 
Public clinic  31% 



S.pneumoniae resistance trends among  

children in Bavi community 1999, 2007and 2013 

80%	
  resistant	
  to	
  three	
  or	
  more	
  an8bio8cs	
  	
  (2013)	
  	
  



	
  
	
  

•  Point	
  Prevalence	
  Survey	
  during	
  1	
  years	
  (2013)	
  
•  1363	
  cases	
  (1143	
  children),	
  	
  59.9%	
  male,	
  average	
  age	
  11	
  months.	
  	
  
•  Intuba8on	
  47.8%,	
  CVC	
  29.4%,	
  PVC	
  86.2%,	
  
•  HAI	
  rate	
  33.1%.	
  276	
  isolates	
  (43%):	
  50	
  Klebsiella	
  pneumoniae	
  Carbapenem	
  

resistance	
  (CR)	
  55%,	
  46	
  Pseudomonas	
  aeruginosa	
  CR	
  71%,	
  and	
  39	
  
Acinetobacter	
  baumannii	
  CR	
  65%.	
  	
  

•  Diagnosis:	
  pneumonia	
  (52.2%),	
  sep8cemia	
  (26.4%)	
  	
  
•  Risk	
  factors	
  :	
  age	
  <7	
  months	
  &	
  intuba8on.	
  	
  
•  An8bio8cs	
  87.6%,	
  1.6	
  an8bio8cs	
  per	
  case.	
  	
  
•  Colis8n	
  96	
  pa8ents	
  (8%),	
  CR	
  in	
  49%.	
  



Cases	
  of	
  Carbapenem	
  Resistant	
  G-­‐	
  per	
  week	
  
NHP	
  weeks	
  23	
  2015	
  à	
  12	
  -­‐	
  2016	
  	
  

•  12%	
  blood	
  culture	
  à	
  sep8cemia	
  	
  
•  46%	
  tracheal	
  fluid,	
  34%	
  nasopharynx	
  à	
  e8ology/coloniza8on?	
  

Isola8on/	
  cohort	
  care	
  

Week	
  	
  	
  	
  	
  2015 	
   	
   	
   	
   	
   	
   	
   	
   	
   	
   	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  2016	
  



Material/methods	
  
•  De	
  novo	
  whole-­‐genome	
  sequencing	
  (WGS)	
  with	
  the	
  
Illumina	
  MiSeq	
  plaaorm	
  	
  

•  106	
  clinical	
  isolates	
  of	
  KPC	
  from	
  104	
  pa8ents.	
  	
  
•  An8microbial	
  suscep8bility	
  tes8ng	
  with	
  E-­‐test.	
  	
  
•  Sequence	
  types	
  (STs)	
  and	
  resistance	
  genes.	
  	
  
•  MDR	
  =	
  resistance	
  to	
  three	
  or	
  more	
  an8bio8cs.	
  	
  
•  Clinical	
  data	
  from	
  the	
  children	
  was	
  collected	
  
retrospec8vely	
  from	
  pa8ent	
  records.	
  	
  

•  Cross	
  sec8onal	
  screening	
  	
  of	
  1046	
  pa8ents	
  at	
  NHP	
  
February	
  2016	
  using	
  chromogenic	
  agar	
  	
  

•  Con8nues	
  data	
  collec8on	
  using	
  on-­‐line	
  ques8onnaire	
  
	
  



Results	
  -­‐	
  clinical	
  
•  104	
  children	
  with	
  culture	
  confirmed	
  Carbapenem	
  Resistant	
  
Klebsiella	
  Pneumoniae	
  (106	
  specimen)	
  

•  Male	
  76	
  (74%)	
  	
  
•  Average	
  age:	
  6.9	
  months	
  
•  Department:	
  Neonatal	
  ICU	
  39,	
  Pediatric	
  ICU	
  22	
  and	
  
Surgical	
  ICU	
  22.	
  	
  

•  Origin:	
  other	
  hospitals	
  71,	
  community	
  16.	
  	
  
•  Diagnosis	
  :	
  	
  pneumonia	
  32,	
  respiratory	
  failure	
  17	
  and	
  
sep8caemia	
  12.	
  	
  

•  Intubated	
  70,	
  CVC	
  56	
  
•  Specimen	
  :	
  Tracheal	
  Fluid	
  58,	
  Naso-­‐pharyx	
  29,	
  Blood	
  9.	
  	
  
•  Treatment	
  outcome	
  :	
  Discharge	
  52,	
  withdraw	
  from	
  
treatment	
  (Xin	
  Ve)	
  32,	
  death	
  7,	
  in-­‐treatment	
  	
  6	
  and	
  
unknown	
  9	
  cases.	
  	
  



Cross	
  sec8onal	
  screening	
  	
  of	
  1046	
  pa8ents	
  	
  

•  NHP	
  February	
  2016	
  
•  Faecal	
  samples	
  	
  
•  Chromogenic	
  agar,	
  selec8ve	
  

for	
  carbapenem	
  resistant	
  
strains	
  	
  

Coloniza8on	
  rate	
  with	
  carbapenem	
  resistant	
  G-­‐	
  bacteria	
  
Whole	
  hospital	
  :	
  36%	
  
Medical	
  and	
  surgical	
  ICU	
  :	
  50%	
  
Neonatal	
  ICU	
  :	
  63%	
  



Diagnosis	
  vs	
  outcome	
  

0	
   5	
   10	
   15	
   20	
   25	
   30	
   35	
  

Pneumonia	
  

Respiratory	
  Failure	
  

Sep8caemia	
  	
  

Pre-­‐term	
  

CHD*	
  

NEC/	
  Peritoni8s	
  

Other	
  

Discharged	
  

Withdrawn	
  

Died	
  

In-­‐treatment	
  

Un-­‐known	
  42%	
  

50%	
  

44%	
  

Nr	
  pa8ents	
  

34%	
  

35%	
  



Origin	
  of	
  pa8ents	
  vs	
  outcome	
  	
  

0	
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Community	
   Other	
  hospital	
  

Un-­‐known	
  

In-­‐treatment	
  

Died	
  

Withdrawn	
  

Discharged	
  

Nr	
  pa8ents	
  

41%	
  

25%	
  



Department	
  vs	
  outcome	
  

0	
   10	
   20	
   30	
   40	
   50	
  

Neonatal	
  ICU	
  	
  

Pediatric	
  ICU	
  

Surgical	
  ICU	
  

Other	
  

Discharged	
  

Withdrawn	
  

Died	
  

In-­‐treatment	
  

Un-­‐known	
  

Nr	
  pa8ents	
  

36%	
  

36%	
  

50%	
  

26%	
  



Resistance	
  106	
  Isolates	
  K.	
  Pneumoniae	
  

7	
  
10	
  
12	
  

24	
  
33	
  

39	
  
81	
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98	
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Cekazidime/avibactam	
  
Tigecycline	
  

Colis8n	
  
Gentamicin	
  

Co-­‐trimoxazole	
  
Fosfomycin	
  
Imipenem	
  

Meropenem	
  
Ciprofloxacin	
  

Chloramphenicol	
  
Amikacin	
  

Tobramycin	
  
Cefotaxime	
  

à	
  In	
  2016	
  has	
  increased	
  to	
  24%!	
  



Carbapenem	
  resistance	
  vs	
  outcome	
  

Discharged	
  
49%	
  

Withdrawn	
  
30%	
  

Died	
  
6%	
  

In-­‐treatment	
  
6%	
  

Un-­‐known	
  
9%	
  

Carbapenem	
  

36%	
  



Whole	
  Genome	
  Sequencing	
  	
  
Isola8on	
  of	
  bacteria	
   DNA	
  extrac8on	
  with	
  pipenng	
  robot	
  

Next-­‐genera8on	
  sequencing	
  with	
  Illumina	
  MiSeq	
  Genome	
  assembly	
  &	
  data	
  analysis	
  



Resistance	
  genes	
  of	
  carbapenem	
  resistant	
  
K.pneumoniae	
  isolates	
  

SHV-75 TEM-1 KPC-2 SHV-12 TEM-122 OXA-9 CTX-M-15 OXA-1 NDM-1 CTX-M-27 SHV-157 SHV-99
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Carbapenemases	
  among	
  
	
  93	
  CRE	
  isolates	
  of	
  K.	
  pneumoniae	
  

	
  
•  87	
  KPC-­‐2	
  
•  4	
  NDM-­‐1	
  
•  1	
  KPC-­‐2	
  +	
  NDM-­‐1	
  
•  2	
  OXA-­‐48	
  
	
  

	
  

94%	
  

3%	
  

1%	
  2%	
  

KPC-­‐2	
  

NDM-­‐1	
  

KPC-­‐2	
  +	
  NDM-­‐1	
  

OXA-­‐48	
  



MLST-­‐types	
  
of	
  93	
  CRE	
  isolates	
  of	
  K.	
  pneumoniae	
  

KPC-­‐2	
  (N=85)	
  
•  74	
  ST15	
  	
  
•  8	
  ST86	
  
•  2	
  ST?	
  
•  1	
  ST502	
  	
  
KPC-­‐2	
  +	
  NDM-­‐1	
  
•  3%	
  ST15	
  	
  
NDM-­‐1	
  
•  1%	
  each	
  of	
  	
  ST1308,	
  ST22,	
  ST978,	
  
OXA	
  48	
  
•  2	
  %	
  ST656	
  
	
  

	
  

87%	
  

10%	
  

2%	
   1%	
  

MLST	
  among	
  KPC-­‐2	
  isolates	
  (N=85)	
  

ST15	
  

ST86	
  

ST?	
  

ST502	
  



The	
  K.	
  pneumoniae	
  outbreak	
  strain	
  

•  MLST-­‐type	
  ST15	
  
•  Carbapenemase	
  KPC-­‐2	
  
•  An8bio8c	
  suscep8bility	
  

Ceiazidime-­‐Avibactam	
  100%	
  S	
  
Gentamicin	
  89%	
  S	
  
Fosfomycin	
  84%	
  S	
  
Colis8n	
  79%	
  S	
  
Trimethoprim-­‐sulphamethoxazole	
  68%	
  S	
  

	
  



The	
  K.	
  pneumoniae	
  outbreak	
  strain	
  

•  MLST-­‐type	
  ST15	
  
•  Carbapenemase	
  KPC-­‐2	
  
•  An8bio8c	
  suscep8bility	
  

Ceiazidime-­‐Avibactam	
  100%	
  S	
  
Gentamicin	
  89%	
  S	
  
Fosfomycin	
  84%	
  S	
  
Colis8n	
  79%	
  S	
  
Trimethoprim-­‐sulphamethoxazole	
  68%	
  S	
  

	
  

Gentamicin 100% R 
Fosfomycin 100% R 

MLST type 86 



Resistance	
  mechanism	
  vs	
  outcome	
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Chart	
  Title	
  

Un-­‐known	
  

In-­‐treatment	
  

Died	
  

Withdrawn	
  

Discharged	
  

45%	
  
42%	
   38%	
  

50%	
  

62%	
  



	
  
Hypervirulent	
  K.	
  pneumoniae	
  MLST86	
  clone	
  

	
  
•  13	
  MLST	
  group	
  ST86	
  hypervirulent	
  K.	
  pneumoniae	
  	
  
•  Isolates	
  taken	
  April	
  –	
  August	
  2015	
  from	
  different	
  departments	
  

Blood	
  isolates	
  5	
  of	
  13	
  (sta8s8cally	
  overrepresented;	
  p<0.01)	
  
•  5	
  of	
  9	
  pa8ents	
  died/withdrawn	
  
•  Similar	
  phenotype	
  (an8biograms)	
  and	
  iden8cal	
  genotype	
  of	
  8	
  
•  whole-­‐genome	
  sequenced	
  isolates	
  suggests	
  a	
  single	
  clone*1st	
  

report:	
  9%	
  of	
  KPC2	
  isolates	
  at	
  NHP	
  
•  WGS	
  and	
  ST	
  –	
  typing	
  is	
  important	
  
•	
  Extra	
  resources	
  to	
  stop	
  spread	
  of	
  hypervirulent	
  strains!	
  



Hypervirulent	
  K.	
  pneumoniae	
  ST86	
  clone	
  
	
  

Other	
  clinical	
  reports	
  on	
  ST86	
  K.	
  pneumoniae	
  include:	
  
–	
  China	
  (Zhang	
  Y,	
  et	
  al.	
  Front	
  Microbiol.	
  2015;	
  6:721),	
  
–	
  Hong	
  Kong,	
  Singapore	
  and	
  Taiwan	
  (Lin	
  JC,	
  et	
  al.	
  Gut	
  
Pathogen.	
  2014;	
  6:21).	
  
–	
  South	
  Korea	
  (Jung	
  SW,	
  et	
  al.	
  Epidemiol	
  Infect.	
  2013;	
  
141(2):334-­‐40.),	
  
–	
  Spain	
  (Cubero	
  M,	
  et	
  al.	
  Clin	
  Microbiol	
  Infect.	
  2016;	
  
22(2):154-­‐60.	
  
Cubero	
  et	
  al.,	
  2016),	
  
–	
  France	
  (Decré	
  D,	
  et	
  al.	
  J	
  Clin	
  Microbiol.	
  2011;	
  49(8):
3012-­‐4.)	
  



	
  Colis8n	
  resistant	
  Klebsiella	
  Pneumoniae	
  



Colis8n	
  resistance	
  vs	
  outcome	
  

Discharged	
  
27%	
  

Withdrawn	
  
37%	
  

Died	
  
18%	
  

In-­‐treatment	
  
9%	
  

Un-­‐known	
  
9%	
  

Colis8n	
  

55%	
  

55%	
  mortality	
  in	
  pa8ents	
  infected	
  with	
  Colis8n	
  
resistant	
  Klebsiella	
  Pneumoniae!!!	
  	
  



Food	
  safety	
  

BTSF	
  
28	
  

Plasmid-mediated polymyxin resistance is with the mcr-1 gene. The 
mcr-1 gene encodes for a membrane-anchored 
phosphoethanolamine transferase that likely confers resistance to 
colistin by a modifying lipid A.  

Colistin Resistance – Polymyxin E 
 



mcr-­‐1-­‐posi8ve	
  isolates	
  at	
  NHP	
  

mcr-­‐1-­‐posi8ve	
  isolates	
  at	
  NHP	
  

Whole-­‐genome	
  sequencing	
  and	
  phenotypic	
  suscep8bility	
  tes8ng	
  has	
  been	
  
performed	
  on	
  2	
  isolates	
  of	
  K.	
  pneumoniae	
  (VN806	
  and	
  VNX08).	
  



Food	
  safety	
  

BTSF	
  •  mcr-­‐1	
  gene	
  –	
  plasmid	
  mediated	
  Polymyxin	
  resistance.	
  	
  
•  E	
  coli,	
  K	
  pneumoniae	
  and	
  Pseudomonas	
  aeruginosa	
  
•  15%	
  of	
  samples	
  of	
  raw	
  meat	
  sampled	
  
•  21%	
  of	
  animals	
  sampled	
  
•  1%	
  of	
  inpa8ents	
  with	
  infec8on	
  



Food	
  safety	
  

BTSF	
  
31	
  



Food	
  safety	
  

BTSF	
  
32	
  

12	
  pig	
  and	
  chicken	
  farms,	
  Vietnam	
  
An8microbials	
  to	
  produce	
  1	
  kg	
  à	
  Chicken	
  :	
  94.7	
  mg/	
  Pig:	
  563.6	
  mg	
  	
  
E.	
  Coli	
  resistance	
  :	
   	
  Ampicillin	
  	
  	
  	
  	
  	
  	
  97.8%	
  /	
  94.4%	
  (Chicken/	
  Pig)	
  

	
   	
   	
  Ciprofloxacin	
  	
  73.3%	
  /21.1% 	
   	
   	
   	
   	
  Gentamicin	
  	
  	
  	
  42.2%	
  /
35.6%	
  

	
   	
   	
  Colis8n	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  22.2%	
  /	
  24.4%	
  	
  
	
  
-­‐  mcr-­‐1	
  found	
  in	
  19%	
  /	
  22%	
  (Chicken/	
  Pig)	
  
-­‐  strong	
  agreement	
  with	
  phenotypic	
  colis8n	
  resistance.	
  	
  
-­‐  mcr-­‐1	
  gene-­‐posi8ve	
  54.0%	
  of	
  isolates	
  in	
  a	
  plasmid	
  consistent	
  with	
  one	
  recently	
  

iden8fied	
  in	
  China.	
  	
  
	
  



MIC (µg/ml) No of failures/No 
of patients 

Failure rate (%) 

≤ 1 5/17 29.4 
2 3/12 33.3 
4 2/7 28.6 
8 2/6 33.3 
>8a 6/8 75 

Pa8ents	
  treated	
  with	
  a	
  carbapenem	
  for	
  a	
  
CPKP	
  infec8on:	
  Outcome	
  according	
  to	
  MIC	
  

a	
  	
  p=0.02;	
  Data	
  compiled	
  from	
  15	
  studies	
  published	
  in	
  English	
  
literature.	
  GL	
  Daikos,	
  CMR	
  2012	
  	
  
	
  

All	
  K	
  Pneumoniae	
  strains	
  MIC	
  >16,	
  hence	
  no	
  
synergis8c	
  effect	
  of	
  carabpenems!!!	
  
=	
  Colis8n	
  mono-­‐therapy!	
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Prel data, all data incl all MLST types, Total (n=90), CO, TGC n=28. 

% susceptibility to at least one antibiotic 

Calculations by Dr  Björn Berglund 

Gentamicin
+Colistin 

TMP_SMX + 
Fosfomycin 

TMP_SMX + 
Colistin 

TMP_SMX + 
Colistin+ 
genta 

TMP_SMX + 
Fosfomycin 
+ genta 

Colistin + 
Fosfomycin 
+ genta 

Colistin + 
Fosfomycin 
TMP-SMX 

Ceftaziime-
avibactam 

Gentamicin 
+ TMP-SMX 

This shows S to at least one antibiotic 
Next step :1. In vitro synergy test; 2. Clinical studies 



COL 
Susceptibl

e 

COL+ one or two of 
TMP-SMX 

Fosfomycin  
Tigecycline 

TMP-SMX + 
one or two of 
Fosfomycin  
Tigecycline 

  
 

COL 
Resistance 

,modified based on E-test at LiU 
Site	
  of	
  infec8on!	
  

Gentamicin 
Resistance 

Ceftazidime-
Avibactam 

When available… for 
compassionate Use 

Gentamicin + one or 
two of 

TMP-SMX 
Colistin 

Fosfomycin 
 

Gentamicin  
Susceptible 

 meropenem  
High Level Resistance 

MIC >32 

Severe	
  sepsis/sep8c	
  shock,	
  Carbapenem	
  saving	
  
treatment	
  op8ons	
  of	
  KPC	
  at	
  NHP	
  



Carbapenem MIC 

> 32mg/L >8 mg/L 

AMG Susceptible AMG Resistance 

Dual 
CARB + 

AMG 
Dual CARB 

+ COL 

AMG Susceptible 

COL Susceptible 

AMG Resistance 

COL Resistance 

Dual  CARB
+Other Agent 

AMG+Other Agent 

COL+Other Agent Combination of other 
Agents 

COL Susceptible 

COL Resistance 

Daikos et al. Exp Rev Antiinfect Ther 2012, modified 

Proposed	
  Algorithm	
  for	
  Treatment	
  of	
  severe	
  sepsis/sep8c	
  
shockCaused	
  by	
  Carbapenemase	
  producing	
  K	
  pneumonia	
  

Site	
  of	
  infec8on!	
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The	
  Review	
  on	
  An8microbial	
  Resistance	
  Chaired	
  by	
  Jim	
  O’Neill.	
  December	
  2014	
  



Conclusions	
  	
  
	
  
	
  

•  There	
  are	
  several	
  different	
  resistance	
  mechanisms	
  
including	
  e-­‐flux	
  pumps	
  and	
  target	
  modifica8on	
  	
  

•  An8bio8c	
  resistance	
  is	
  selected	
  by	
  an8bio8c	
  pressure	
  and	
  
transmized	
  ver8cally	
  through	
  gene8c	
  elements	
  as	
  plasmids	
  	
  

•  Colis8n	
  is	
  used	
  in	
  large	
  amounts	
  as	
  growth	
  promoter	
  and	
  
profylac8c	
  treatment	
  for	
  animals	
  	
  

•  MCR-­‐1	
  has	
  been	
  found	
  in	
  enetrobactriasae	
  from	
  
domes8cated	
  animals	
  and	
  humans	
  	
  

•  Increasing	
  colis8n	
  resistance	
  in	
  Hospital	
  Aquired	
  Infec8ons	
  	
  
with	
  enterobactriasae	
  

•  High	
  and	
  increasing	
  mortality	
  due	
  to	
  colis8n	
  resistance	
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Gap	
  of	
  Knowledge	
  
	
  
	
  

•  Link	
  between	
  agricultural	
  use	
  of	
  AB	
  and	
  selec8on	
  of	
  resistance	
  
mechanisms	
  with	
  impact	
  on	
  human	
  health?	
  

•  What	
  is	
  the	
  effect	
  of	
  Colis8n	
  used	
  as	
  growth	
  promoter	
  and	
  
profylac8c	
  treatment	
  of	
  animals	
  on	
  resistance?	
  

•  New	
  last	
  resort	
  an8bio8cs	
  for	
  cases	
  with	
  carabapenem	
  and	
  colis8n	
  
resistant	
  G-­‐	
  infec8on?	
  

•  How	
  to	
  improve	
  capacity	
  interna8onal	
  surveillance	
  to	
  detect	
  and	
  
respond	
  to	
  urgent	
  and	
  emerging	
  an8bio8c	
  resistance	
  threats?	
  

•  How	
  to	
  improve	
  an8bio8c	
  prescribing	
  use	
  in	
  low	
  and	
  middle	
  
income	
  countries?	
  

•  Can	
  molecular	
  detec8on	
  technologies,	
  to	
  can	
  iden8fy	
  an8bi8c	
  
resistance	
  threats	
  faster	
  be	
  more	
  widely	
  used?	
  



An8bio8c	
  Stewardship	
  to	
  preserve	
  the	
  
effec8veness	
  of	
  last	
  resort	
  an8bio8cs	
  

	
  



Main	
  objec8ve	
  

To	
  preserve	
  the	
  effec8veness	
  of	
  last	
  resort	
  
an8bio8cs,	
  colis8n	
  and	
  polymixin	
  B	
  (India,	
  
Vietnam,	
  Indonesia,	
  Thailand)	
  carbapenem	
  
(Malaysia)	
  
	
  

:	
  



Specific	
  objec8ves	
  
	
  

–  To	
  assess	
  consump8on	
  of	
  colis8n	
  and	
  carbapenem	
  in	
  
ICU	
  

–  To	
  monitor	
  prevalence	
  of	
  colis8n	
  	
  /	
  carbapenem	
  
resistant	
  gram	
  nega8ve	
  infec8ons,	
  and	
  treatment	
  
dura8on	
  and	
  outcomes	
  

–  To	
  implement	
  an8bio8c	
  stewardship	
  program	
  to	
  
reduce	
  unindicated	
  use	
  of	
  colis8n	
  and	
  carbapenem	
  

– Assess	
  implementa8on	
  of	
  Infec8on	
  control	
  measures	
  
including	
  hand	
  hygiene,	
  isola8on	
  and	
  surveillance	
  
cultures	
  for	
  colis8n	
  resistance.	
  	
  	
  	
  

–  To	
  assess	
  the	
  effect	
  of	
  interven8on	
  on	
  colis8n	
  and	
  
carbapenem	
  use	
  and	
  resistance	
  	
  

–  To	
  evaluate	
  the	
  an8bio8c	
  cost	
  saving	
  due	
  to	
  the	
  
interven8on	
  



	
  	
  
	
  

Thank	
  you	
  /	
  Cảm	
  Ơn	
  


