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s Overview of antimicrobial resistance
= Concept of MDRO control

= UNUNUDY antimicrobial stewardship Tu
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= MDR: Multidrug-resistance
= lHafifaanuluaiiaaat1Niag 3 nau
« fnatdrvifa: MRSA, ESBL-producing Gram-negative rod

= XDR: Extensively drug-resistance
« IHaifaafaunnaiia Ja1fidelsd latnas 2-3 giariniu

. fattuga: A. baumannii, Carbapenem-resistant
Enterobacteriaceae (CRE)

= PDR: Pandrug-resistance
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B rl ef fl n d I n g S Antibiotics sold by 215 grocery stores and retail
shops for each complaint

Antibiotic Number of grocery stores
and retail shops

s §1979ANNFUSUAL  Sore oo

o Tetracycline 89 (41.4%)
ﬂ’)’]“ :316]_' a.\'j‘ﬂ 53%’] GD"LL Amoxicillin/ampicillin 46 (21.4%)
Backache
v ' B
2 Neaavliauly Tetracycline 9 (4.2%)
1 a & Commeon cold
VI a '\j ﬂ u "'Lﬂ Gﬁa U f] Q f] ﬂ Amoxicillin/ampicillin 28 (13.0%)

Tetracycline 20 (9.3%)

UG 215 WK

Acute diarrhea

ﬁ')ﬂﬂ"l‘iuaﬂld'] Norfloxacin 59 (27.4%)
| o Tetracycline 11 (5.1%)
a’]ﬂ’] 36]’]06’]?"“} Combination® 42 (19.5%)
Inflamed uterus
Tetracycline 155 (72.1%)
Dysuria
Tetracycline 58 (27.0%)
Norfloxacin 23 (10.7%)

Khamsarn S. et al. J Med Assoc Thai 2016; 99 (3): 270-5



iESBL-producing E. coliTua1915 Lastiasiii

s JUIALAIDLINNULERSaHAE 26.4 (46/174
ML
= 93.3% wululilany
= 38.5% wuluiiiald

= 35.4% WUlnumagin

= 8.1% wulunndalazainiislsydida

Khamsarn S. et al. J Med Assoc Thai 2016; 99 (3): 270-5



imﬁé’ﬁfmL%aﬁammﬂﬂuiuﬁwﬁu

s 59.9% “Ldayaineauladinagasniutadluaie 3
Iaunaulinisgudnsna

= 28% : gunanldy KeagIn 1ULLLATLSE

= 355/534 (66.5%) wavnTildingmATe fide
LuANanaga1y ESBL

Khamsarn S. et al. J Med Assoc Thai 2016; 99 (3): 270-5



ESBL in community-acquired complicated
Lintra-abdominal iInfection in 2010-2011

_ No. (%) of patients from participating country

Country Total (n=105) ESBL (n=17) Non-ESBL (n = 88)
Columbia 4 (3.8) 1(25.0) 3 (75.0)
Portugal 16 (15.2) 3(18.7) 13 (81.3)
The Philippines 41 (39.0) 4 (9.8) 37 (90.2)
Taiwan 23 (21.9) 2 (8.7) 21 (91.3)
Thailand 21 (20.0) 7 (33.3) 14 (66.7)
Overall 105 (100) 17 (16.2) 88 (83.8)

Jean SS., et al. International Journal of Antimicrobial Agents 44 (2014) 222-228
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___________ by 5 Estimated prevalence

- of CR A. baumanniiin
R - South and Southeast
----- - ] Asian countries

Subnational Data
| No Data

1 No Data (but present)
11-10%

[ 140-50%

B 50-60%

B >650%

Hsu L-Y, et al. Clin Microbiol Rev 30:1-22



Estimated prevalence
of CRE in South and
Southeast Asian
countries

Subnational Data
[ 1 No Data

1 No Data (but present)
[ 11-5%

] 5-10%

B -10%

Hsu L-Y, et al. Clin Microbiol Rev 30:1-22
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. I sHORT REPORT Open Access
|

First detection of Klebsiella variicola producing e
OXA-181 carbapenemase in fresh vegetable
imported from Asia to Switzerland

K. Zurfluh', L. Poirel?, P. Nordmann?, J. Klumpp ~Stephan'’

An OXA-181-producing K. variicola
was isolated in a coriander sample
Kwith origin Thailand/Vietnam.

/OXA-48 type carbapenemase, first A

described in £. cloacae and K.
pneumoniae in India, originates
from Shewanella xiamenensis, an
Qenvironmental bacterium

J

Zurfluh et al. Antimicrobial Resistance and Infection Control (2015) 4:38
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| CRE 27nu18gaa9199Wa1U1a

Institution | CPEs in Sewage CFU/mL

Hospital A E. cloacae blaNDM 80,000
C. freundiiblaNDM 10,000

A. caviae blaIMP 1,000

Hospital B

Site 1 E. cloacae blakPC 80,000

Site 2 A. caviae blaOXA- 30,000
48-type

Hospital C E. co/iblaNDM 1,000

Hospital D E. asburiae 70,000
blakKPC

E. koberiblaKPC 10,000

No. of
Clinical

Isolates
of CPE

34

14

9
1

Predominant CPEs in
Clinical Isolates

K. pneumoniae blaKPC

K. pneumoniae blaOXA-48
type

E. coliblaKPC

K. pneumoniae blaNDM

K. pneumoniae blaOXA-48
type
E. coliblaNDM

K. pneumoniae blaIMP
E. coliblaOXA-48 type

Koh TH., et al. Infect Control Hosp Epidemiol 2015;36(5):619-621

No. of
Isolates

10
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NDM-1 \in New Delhi\environment
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blaNDM-1 deltected i_n é/SO drinking-water samples ..
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Extensively Drug-Resistant New Delhi
Metallo-B-Lactamase-Encoding Bacteria in

- Klebsiella pneumoniae

- Escherichia coli

- Pseudomonas spp.

. Aeromonas cavige

- Acinetobacter spp.
- Citrobacter freundii

Adabor (95)

the Environment, Dhaka, Bangladesh, 2012

Argargoan (46)

. Gulshan (18)

Mohammad pur (7) |*

D!

-
. -F—--—— B ™ -
i

Lalbag (18)

Im-

226 Gram-negative NDM 1— producmg
isolates identified form 58 S|tes

. Motijheel (8)
> 5l

“0” Point (34)

Toleman MA., et al. Emerging Infectious Diseases 2015; 21 (6):1027-30

14



a

Estimates of Burden of Antibacterial Resistance

United States
population 300m

European Union Thailand
population 500m population 70m

25,000 deaths per year Attributable Mortality
Attributable Mortality 19,000 deaths

5/100,000 28.3/100,000

Overall societal costs Overall societal costs
(€ 900 million, hosp. days) US$ 84.6-202.8 mill. direct
Approx. €1.5 billion per year >US$1.3 billion indirect

>23,000 deaths

Attributable Mortality

5.3/100,000

Overall societal costs
Up to $20 billion direct

Up to $35 billion indirect

Source: ECDC 2007 Source: Pumart et al 2012 Source: US CDC 2013

Direk Limmathurotsakul, TM 2016
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s Adanel (Vision)
= N15178 N19ene LazASFURENINLATE SN
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= WUsfa (Mission)
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F’%;}" Campaign to Prevent Antimicrobial Resistance in
% 9 Healthcare Settings

Antimicrobial Resistance. Key Prevention Strategies

Susceptible Pathogen

7 frevent ||- Prevent
ransmission il
Antimicrobial Infection
Resistance
Optimize US&’"- Effective Diagnosis
& Treatment

Antimicrobial Use
17



Key Prevention Strategies

s Prevention of infection
= Best care for all patients

= Prevention of procedure-, surgery-, and
device-associated infection

= Antimicrobial stewardship
= Effective diagnosis and treatment
= Optimize use of antimicrobial agents

18
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Definitions

= Rational drug use
- r;g’ﬂ'aﬂvls’i%‘uﬂﬂﬁleuwzauﬁuﬂm,mammw Tmel
lgaluauianvuncdunugiiausnazse
AIESTULIIAINITINHILUNIZAN LAzl
AN ldAINasaTuTULLazNiataangs
= N3zUIUNITUaN “PLEASE”
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Pharmacy and Therapeutics Commi:
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=

Ethics in Prescription
N1SANIaSU9388SSUIIA-SSEIUSSIUNTINIS

nsAIacUBIHonLU;

and Patients
FIﬂ"II..IFIE-HLII"Iﬁ‘I.l'EH

ﬁams'[ﬁmaﬂﬂaaumm

e
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iDefinitions

= Antimicrobial stewardship

= An ongoing effort to optimize antimicrobial
use in order to improve patient outcomes,
ensure cost-effective therapy, reduce
adverse sequelae of antimicrobial use
(including antimicrobial resistance)

23



iDefinitions

r 1ASINNS lH a1l farUsatvdunn NG
(Antibiotics Smart Use) 1flulnsyn1siila
dselaaidnsnsaiy liuaeninals i
N9 lnswensiilagaegina Tianan
HnTiga lusun1sauuauulag nusHn
1 aN1Ag5NINTFIU LledrULFe
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:1|.ASU: Goals/ aim
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= Use when it is needed
= Correct organism-drug pair

= Pharmacokinetics and
pharmacodynamics consideration

s Duration of treatment
s Cost and other issues

26



Surgical prophylaxis
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Extraperitoneal surgery
Anesthesia begun 15:15
Metronidazole started 15:30
Ceftriaxone started 15:40

Incision performed @ 15:30
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Extreme case of antibiotic prescription

Chief complaint
Present illness

ol (-
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Past history

Current Medications [Tno (] yes.
Family history

Omgalergy 1. 5 ——— s a__
Smoking Ono  Dyes, amount —w _Oaquit. duraion_
Drinking Ono ™ Dyes, amount ___ [quit, duration___

History of Immunization

o /5 3 l PHYSICAL EXAMINATION, l I
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EGeneral appearance
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Effects of requiring prior authorization for
selected antimicrobials: expenditures,
susceptibilities, and clinical outcomes

A. Clinton White, Jr., Robert L. Atmar, Joan Wilson,

Thomas R. Cate, Charles E. Stager, and Stephen B.
Greenberg

Clinical Infectious Diseases 1997:25:230-9
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AT uNLazNaN1SAN 1N

s Luil 1993 iin195zurnuay XDR-Acinefobacter
sp. ‘lu ICU daanssu

IR TUNT IUTN1TALANNT LH e
ciprofloxacin, ofloxacin, amikacin,
ceftazidime, ticarcillin/clavulanate, Llag
piperacillin/tazobactam 1aasavlasuauye
NANNLBaITUNDU L

White A.C, et al. Clinical Infectious Diseases 1997:25:230-9
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P. aeruginosa susceptibilities before and after
implementation of antibiotic restrictions

100

80

60
| Before

40 W After

20

0 [ — 1 — I — I — T — |
Ticar/clav Imipenem Aztreonam  Ceftaz Cipro

P<0.01 for all increases
A. Clinton White, Jr., et al. CID 1997;25:230-9



E. coli susceptibilities before and after
iimplementation of antibiotic restrictions

100

80

60
| Before

40 W After

20

0 [ — 1 — I — I — T — |
Ticar/clav Imipenem Aztreonam  Ceftaz Cipro

P<0.01 for all increases
A. Clinton White, Jr., et al. CID 1997;25:230-9



Short-course Empiric Antibiotic Therapy for
Patients with Pulmonary Infiltrates in the
ntensive Care Unit: A Proposed Solution for
ndiscriminate Antibiotic Prescription

Nina Singh, Paul Rogers, Charles W. Atwood, Marilyn M. Wagener, & Victor L. Yu
Am J Respir Crit Care Med Vol 162. pp 505-511, 2000
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Clinical Pulmonary Infection Score (CPIS)

<6

,

Antibotics for 10-21 days Randomize

v v

Ciprofloxacin  Standard Care
for 3 days (antibiotics for

l 10-21 days)

Re-evaluate at
3 days |

v v
CPIS>6 CPIS<6

; '

Treat as Discontinue
pneumonia Ciprofloxacin

Singh N, et al. Am J Respir Crit Care Med Vol 162. pp 505-511, 2000
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TABLE 2

ANTIBIOTIC USAGE, DURATION, AND COST IN THE EXPERIMENTAL
AND STANDARD THERAPY GROUPS

Experimental  Standard Therapy

Variable (n= 39 (n=42) p Value
Deaths at 3 d 0% (0/39) 7% (3/42) NS*
CPIS>6at3d 21% (8/39) 23% (9/39) NS
Extrapulmonary infections' 18% (7/39) 15% (6/39) NS
Antibiotic continuation > 3 d 28% (11/39) 97% (38/39) 0.0001

Antibiotics in patients with CPIS < 6
and no extrapulmonary infection

Continuation < 3 d 0% (0/25) 96% (24/25) 0.0001

Duration of antibiotics, d, mean (range) 3 (3) 9.8 (4-20) 0.0001

Cost, mean $259 $640 0.0001
Total $6,482 $16,004

* NS = not significant, p > 0.05.
" One patient with extrapulmonary infection in each study group also had CPIS > 6 at 3 d.

Singh N, et al. Am J Respir Crit Care Med Vol 162. pp 505-511, 2000 35



TABLE 4

OUTCOME ENDPOINTS IN THE TWO STUDY GROUPS

Variable Experimental Standard Therapy p Value
Length of ICU stay, d
Mean/median q 9.4/4 ‘14.7/9 0.04
Range 1-47 1-91
Mortality, d
3 0% (0/39) 1% (3/42) NS*
14 8% (3/39) 21% (9/42) NS
30 13% (5/39) 31% (13/42) NS (0.06)
Resolution of pulmonary infiltrate NS
Complete resolution 41% (16/39) 21% (9/42)
Partial resolution 18% (7/39) 14% (6/42)
Unchanged 18% (7/39) 36% (15/42)
Worsening 0/39 10% (4/42)
No follow-up films 23% (9/39) 19% (8/42)

* NS = not significant, p > 0.05.
Singh N, et al. Am J Respir Crit Care Med Vol 162. pp 505-511, 2000
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TABLE 5

ANTIMICROBIAL RESISTANCE AND SUPERINFECTIONS IN THE
EXPERIMENTAL AND STANDARD THERAPY GROUPS

_

Standard
Variable Experimental Therapy p Value

Antimicrobial resistance and/or @ 8% (14/37)) p = 0.017
superinfections”®

- . .
Mlﬂrﬂﬂrgﬂﬁl S5IMs

Pseudomonas aeruginosa 8% (3/37) 16% (6/37)
Enterobacter cloacae — K% (2/37)
MRSA 5% (2/37) 149 (5/37)
Pseudomonas cepacia 3% (1/37) —
Citrobacter freundi — 3% (1/37)
Pseudomonas stutzeri — 3% (1/37)
Enterococcus species 3% (1/37) 11% (4/37)
E. faecalis 1 3
Vancomycin-resistant £. faecium 0 1
Candida species 8% (3/37) 14% (5/37)
C. albicans 3 3
C. glabrata 0 2

Singh N, et al. Am J Respir Crit Care Med Vol 162. pp 505-511, 2000
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Improving antibiotic use reduces
C. difficile infections




N19311aN19 Lgenau fluoroquinolone Liva
AYUANNT5sUNRUaITa Clostridium difficile

3
Significant change in slope
(P=.006)
2.5 '
n
I
— . I\
Before FQ restriction: 6.6% increase/month [
7]
= (P<.001) I I
T 2 A i
= ——
2 #7 \ ,"r \ / \'- After FQ restriction: 3.3 decrease/month
5 (P=.29)
o]
S
i
g 1.5
A
=
(=]
o
2
5
=
g !
a
o
\\ P < QOutbreak period: 66%% FQ-restriction FQ-reinstitution
S < : :
0.5 period: 46%* period:42%*
New environmental-services contractor
[] I -

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar
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Kallen AJ., et al. Infect Control Hosp Epidemiol 2009; 30:264-272



Impact of a reduction in the use of high-risk antibiotics
on the course of an epidemic of clostridium difficile-
associated disease caused by the hypervirulent
NAP1/027 strain

Louis Valiquette, Benoit Cossette, Marie-Pierre Garant,
Hassan Diab, and Jacques Pe pin Clinical Infectious
Diseases 2007; 45:5112-21
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s LYAUUARNS
= Strict isolation Wilhanauge

= wanwavlyd d7u thermometer MIAN1Y
NITUUA TFLUUASILA I

s VinAMNEzaIRRILIRRaNGY sodium
hypochlorite (n1auaudaau s 7%

accelerated H,0.,)

Valiquette, et al. Clin Infect Dis 2007;45:5112.
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= ann15l4 antibiotics Mtiadiavdy C.
difficile infection (CDAD)

= 2"d- and 3"-generation cephalosporins,
ciprofloxacin, clindamycin, and macrolides
(“targeted antibiotics™)

s LUAMUANNNS

s LUz lRaUNnNELazndTns (LEILNAL)
WilFordunldunuiule

Valiquette, et al. Clin Infect Dis 2007;45:5112. 45
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s Genta or TMP/SMX instead of cipro for
UTI

= Respiratory FQ for CAP

= Genta/metro or pip/tazo for intra-
abdominal infections (not cipro/metro)

= Avoiding clindamycin

Valiquette, et al. Clin Infect Dis 2007;45:5112.
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Favorable Impact of a Multidisciplinary
Antibiotic Management Program

!'_Conducted During 7 Years

Philip Carling, Teresa Fung, Ann Killion, Norma Terrin,
Michael Barza

Infect Control Hosp Epidemiol 2003;24:699-706
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iProgram Activities

= Prospective antibiotic monitoring
= Agents: parenteral 39-gen cephalosporins,
aztreonam, parenteral FQ, or imipenem

= Procedure: standardized data collection tool to
record clinical and laboratory information

= Recommendations to modify antibiotic

management developed within 4 hours of the
Initial evaluation

Carling P et al. Infect Control Hosp Epidemiol. 2003;24(9):699-706.
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«iia C. difficile

i wgmaﬂﬂﬁaﬂﬂ'ﬁ‘leﬁ’awiaé’mwmﬁﬁﬂ

2.5 S

N

CASES PER 1000 PATIENT DAYS

1988 1989 1990 1991 1992 1993 1994 1995 1996 1897 1998

Carling P et al. Infect Control Hosp Epidemiol. 2003;24(9):699-706.
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Carling P et al. Infect Control Hosp Epidemiol. 2003;24(9):699-706.



Clinical outcomes better with
antimicrobial management program

100 -
11 AMP
80 -
m UP
c
S 60 -
3]
o
o 40 -
. II
0 -
Appropriate Cure Failure Resmtance
RR 2.8 (2.1-3.8) RR 1.7 (1.3-2.1) RR 0.2 (0.1-0.4) RR0.2(0.1-0.4)

AMP = Antibiotic Management Program
UP = Usual Practice

Fishman N. Am J Med. 2006;119:S53.



iOpportunity for ASP

Surgical prophylaxis
Asymptomatic bacteriuria

Fresh clean wound including minor skin/
subcutaneous tissue biopsy

Upper respiratory tract infection
Acute diarrhea
Prolonged fever

50



Mind set

Just to be on the safe side,
let’s put him on a (broad-
spectrum) antibiotic.

Date
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Temp. | Pulse [Resp.[2 g 10 14 18 5|2 ¢ 10 1, 18 o,
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ilnfection control
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Protective barriers

RE—— 1Y

Practicality in
hot climate?

Acceptance? —
MD, nurse

Cost
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CRAB air contamination

_ Respiratory Colonization Rectal Colonization

Samples Ab Positive, Samples Ab Positive,

Cultured, No. No. (%) Cultured, No. No., (%)
Environmental 524 50 (9.5) 194 30 (15.5)
Bed rails 144 28 (19.4) 55 11(20)
Table 144 6 (4.1) 54 4 (7.4)
IV pump 130 6 (4.6) 53 9 (16.9)
Ventilator 106 10 (9.4) 32 6 (18.7)
Air 137 18 (13.1) 47 18 (38.3)

Shimose LA, et al. Infect Control Hosp Epidemiol 2016;37:777-781 54



CRAB air contamination

Patient area cultures (N)

Density of CRAB infection/colonization 7.9/1000 PD 0/1000 PD <.001
Temperature (°C, median, range) 27.6 (25.5-28.6) 26.6 (21-28.5) 0.59
Relative humidity (%, median, range) 60.3 (567.3-72.4) 60.9 (57-74.1) 0.64
Air sampling microorganisms (CFU/mmb3)

Total bacterial count (median) 781 514 <.001
Corynebacterium spp. 240 860 0.02
Coagulase-negative staphylococci 440 660 0.04
Micrococcus spp. 440 860 0.01

Proteus mirabilis 651 106 0.001
Nonfermentative Gram-negative rods 151 54 0.001
A. baumannii 0 0 NA

Apisarnthanarak A., et al. Open Forum Infectious Diseases 2016 55



CRAB air contamination
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Hand hygiene compliance by type of
ealthcare worker

Correct

Total

% Compliance

Faculty member
Faculty member (nurse)
Physician in-training
Nurse

Practical Nurse

Medical student
Nursing student

X-ray technician
Physical therapist

Moments
133
7
1367
3156
1132
52
15
120
41

Moments
204

2184
4404
1601
85
17
233
62

65.2
/7.8
62.6
71.7
70.7
61.2
88.2
51.5
66.1
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A note from the field
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:1-.Duration of Contact Precautions

= VRE: 3 negative stool/perianal cultures
obtained at weekly intervals

Previous Sequential
Negative Cultures™

Next Culture Negative/
No. at Risk (%)

0 (first culture)
1

o ~ W0ODN

74/116 (64)
80/87 (92)
69/73 (95)
35/37 (95)
29/29 (100)
23/23 (100)

Siegel JD., et al. CDC's MDRO guidelines 2006/

Bryers KE., et al. Infect Control Hosp Epidemiol 2002;23:207-211
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Duration of Contact Precautions

= MDR-GNB

= Outbreak: Contact Precautions be used
indefinitely for all previously infected and
known colonized patients

Siegel JD., et al. CDC’s MDRO guidelines 2006
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iDuration of Contact Precautions

= MDR-GNB - Endemic

= No ATB for several weeks

= Absence of a draining wound, profuse
respiratory secretions, or evidence implicating
the specific patient in ongoing transmission of
the MDRO within the facility

4

= 23 negative surveillance cultures over the
course of a week or two

Siegel JD., et al. CDC’s MDRO guidelines 2006
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i Clearance of CRE Colonization

R T oy Weekly CPE
Negative Cultures / No. at Risk (%) survelllance perirectal

0 first culture) 51 of 95 (53.7) cultures

1 24 of 31 (77.4)

2 17 of 20 (85.0) Follow-up @ 28 weeks
>3 6 of 8 (75.0) after the initial positive

culture, at OPD or
‘ upon readmission

25% remain culture positive

despite 3-negative was achieved

Lewis JD., et al. Infect Control Hosp Epidemiol 2015;36(7):835-837
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MDRO Control: fewer is difficult, but more
IS even harder!

s Immediate identification and isolation
= Infection prevention measures include

Strict adherence to hand hygiene
Gowns and gloves for patient care of index cases)
Active surveillance cultures of all patients in the index units for CPE

Environmental cleaning with detergents, and with phenolic agents
for surfaces contaminated with body fluids or with blood

Up-to-date education programs for healthcare personnel

Unit-specific feedback and real-time feedback to healthcare
workers on adherence

Cohort area if > 2cases

Apisarnthanarak A., et al. Infect Control Hosp Epidemiol 2012;33(9):960-961
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MDRO Control: fewer is difficult, but more
IS even harder!

TABLE 1. Adherence to Hand Hygiene and Infection Prevention Measures at 3 Index Units

Unit 1 Unit 2 Unit 3

Variables (index case 1) (index case 2) (index case 3)
Hand hygiene adherence level (%) before and after patient contact’

1 month before implementation of IIC program (n = 60) 50 53 58

After intensified IIC program (n = 60) 87" 92° 95°
Adherence level (%) to contact isolation precautions*

1 month before implementation of IIC program (n = 60) 25 33 25

After intensified IIC program (n = 60) 70" 75° 83"

336 surveillance cultures in 78 patients during the 41 cumulative hospital-days
the case patients were admitted. The total costs of the interventions in 3 units
are US$3,360 inclusive of molecular testing for carbapenemase genes and
active surveillance cultures

Apisarnthanarak A., et al. Infect Control Hosp Epidemiol 2012;33(9):960-961 66
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iChaIIengeS

= MDRO is now not solely a nosocomial in origin, but
influx from communities is frequently seen

= Control of antibiotic distribution, use and disposal

= Contamination of environment by MDRO from the
hospital

= Implementation of ASP

= |ssues in contact precautions
= Optimum practice
= Optimum duration
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