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Carbapenem-resistant Enterobacteriaceae
(CRE)

« Carbapenem

— A broad-spectrum [3-lactam antibiotic, the last resort for
treatment of serious Gram-negative infections.

* The broadest spectrum

— Gram(+) and Gram(-) active aerobes and anaerobes,
stable to almost all B-lactamases.

« Carbapenemases
— Klebsiella pneumoniae carbapenemase (KPC)
— New Delhi metallo--lactamase (NDM-1)

Taiwan CDC
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Carbapenems

Drugs 2007; 67 (7): 1027-1052
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Dosing of Carbapenems

TMUH Antibiotic Dosing Strategy

B SF&a i ¥ 2013.08 537

Patient renal function (CICr)

Drug : n
= 30 ml/min < 30 ml/min HemodialySis and CRRT
. -— 4.5g g8h, 2.25g g6h, 2.25g gé8h, 4.5g gq8h,
PliperacillinTazobactam drip 4hr with pump drip 3hr with pump not prolong drip  |drip 4hr with pump
1g qd, 500mg qd, 500mg qd,
Ertapenem {Invanz®) drip 4 hr with pump drip 4 hr with pump drip 4 hr with pump
=50 ml/min 10~50 ml/min <10 mli/min HD or CAPD CRRT

Ilmipenem (Tienam®)

500mg g6h, drip | 250mg g6h, drip |250mg q12h, drip| 250mg q12h, drip | 250mg g6h, drip
2hr with pump | 2hr with pump | 2hr with pump | 2hr with pump 2hr with pump

IMeropenem (Mepem®)

1g q8h, drip 3hr| 1gqg12h, drip 500mg qd, drip g??:ﬁ&dpg;;% 1g g12h, drip 3hr

with pump 3hr with pump | 3hr with pump ?ﬂer H/D) with pump

=50 ml/min 30~50 ml/min 10~30 ml/min

Doripenem (Finibax®)

500mg g8h, drip | 250mg g8h, drip |250mg q12h, drip
4 hr with pump | 4hr with pump | 4hr with pump

SR | BRI Taiwan CDC
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==/ Mechanisms of Resistance in Gram-Negative
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Bacteria and the Antibiotics Affected

R
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Public Health Threat
HAZARD LEVEL

These are high-consequence antibiotic-resistant threats because of
“HGENT significant risks identified across several criteria. These threats may not be

currently widespread but have the potential to become so and require urgent
e e e e ( public health attention to identify infections and to limit transmission.

Clostridium difficile (C. difficile), Carbapenem-resistant Enterobacteriaceae (CRE), Drug-resistant Neisseria
gonorrhoeae (cephalosporin resistance)

— Half of all bloodstream infections caused by CRE
result in death.

— At least one type of CRE in healthcare facilities in 44
states in USA.

Percentage of Enterobacteriaceae  Estimated Estimated
healthcare-associated infections  number of number of deaths
resistant to carbapenems infections attributed
Carba_penem-Resmtant 11% 7,900 520
Klebsiella spp.
Carbapenem-resmtant 29/, 1,400 90
E. coli

Taiwan CDC
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* Aging population

* Chronic disease patients

* |nvasive medical treatments
* Overuse of antimicrobial

The trends are clear and ominous.
No action today means no cure tomorrow.

Taiwan CDC
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Carbapenemases(1/2)

« Carbapenem-hydrolyzing 3-lactamases

— Confer resistance to a broad spectrum of B-lactam
substrates.

« Ambler molecular classification system

— Class A, C, and D B-lactamases: a serine residue in
the active site.

— Class B enzymes: zinc for activity. (metallo-[3-
lactamases)

Taiwan CDC

http:/www.cdc.gov.tw
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Carbapenemases(2/2)

Carbapenem B-lactamases

B-Lactamase Organisms

Class A: KPC 1 to 4 Klebsiella, Escherichia coll,
Enterobacter, Salmonella,
Pseudomonas

Class B: metallo-p-lactamases Pseudomonas, Acinetobacter,
Enterobacter, E. coli, Shigella,
Serratia

Class C: AmpC-like Klebsiella, E. coli, Enterobacter,

Pseudomonas, Acinetobacter

Class D: oxacillinases Pseudomonas, Acinetobacter,
Enterobacter, Serratia

KPC, Klebsiella pneumoniae carbapenemase.

Taiwan CDC

http://www.cdc.gov.tw
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Class A B-lactamases

* Hydrolytic mechanisms that require an active-
site serine at position 70.

 Chromosomally-encoded enzymes

* Plasmid-encoded enzymes
— KPC (Klebsiella pneumoniae carbapenemase)

Taiwan CDC

http:/ www.cdc.gov.tw
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K lebsiella pneumoniae Carbapenemases
(KPC) (1/2)

 First described in a clinical isolate of K.
pneumoniae in the late 1990s in North Carolina.

* Transmissible plasmids and confer resistance to
all B-lactams.

 Different variants of KPC enzymes.

* Transmitted from Klebsiella to other genera.
(E. coli, Pseudomonas aeruginosa, Citrobacter,
Salmonella, Serratia, and Enterobacter spp.)

Taiwan CDC

http:/ www.cdc.gov.tw
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K lebsiella pneumoniae Carbapenemases
(KPC) (2/2)

« Most common carbapenemase Iin the United
States.

* Hospital outbreaks.

« CDC.: carbapenem-resistant Klebsiella increased
from 2 to 10 percent.

* Incidence: higher in long-term acute care
facilities than in acute care hospitals.

* Increasingly recovered from other regions of the
world, including Europe, Asia, and South
America.

Taiwan CDC

http:/ www.cdc.gov.tw
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[ Sporadic KPCisolations

I Epidemic and endemic situations

[ Sporadic KPC isolationswith
positive Pseudomonas spp isolates

[Z] Epidemic and endemic situations
positive Pseudomonas spp isolates
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*27 International Dissemination of
KPC-producing Enterobacteriaceae
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Class B B-lactamases

« Metallo-B-lactamases (MBLS)

— Dependence upon zinc for efficient hydrolysis of [3-
lactams.

 Inhibited by EDTA (an ion chelator), not by -lactamase
inhibitors such as tazobactam, clavulanate, and sulbactam.

* IMP-1:1991 In Japan.
IMP (19 IMP variants within IMP group)

* VIM, GIM, SPM, and SIM.

Taiwan CDC

http:/www.cdc.gov.tw



2 R OSSP
Metallo-B-lactamases (MBLSs) (1/2)

* Naturally occurring MBLs

— Chromosomally encoded in Aeromonas hydrophilia,
Chryseobacterium spp., and Stenotrophomonas
maltophilia.

* Acquired MBLs

— Genes encoded on integrons residing on large
plasmids that are transferable between both species
and genera.

Taiwan CDC

http:/www.cdc.gov.tw



* |In a hospital outbreak involving 62 patients
(including 40 Intensive care unit patients), for
example, an MBL gene (bla,,s,) Spread among
seven different Gram-negative genera. (Serratia,
Klebsiella, Pseudomonas, Escherichia,
Acinetobacter, Citrobacter, and Enterobacter)

| =vRI 5 : Uptodate, Clin Infect Dis. 2005; 41 (11): 1549. and Infect Control Taiwan CDC

Hosp Epidemiol. 2007; 28 (1): 98 Bttoilnww ol ot b
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27 New Delhi Metallo-B-lactamase
(NDM-1) (1/6)

* NDM-1

— First described in 2009 in a Swedish patient

hospitalized in India with an infection due to Klebsiella
pneumoniae.

* A mobile genetic element.

* An important emerging resistance trait
susceptible to colistin or tigecycline.

* |dentified in other Enterobacteriaceae (including
E. coli and Enterobacter cloacae) and non-
Enterobacteriaceae.

Taiwan CDC

http:/ www.cdc.gov.tw
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27 New Delhi Metallo-B-lactamase

NDM-1) (2/6

the organism in New Delhi

* The Origin and spread of NDM-1 (“"' che

— Transconjugation

« Transfer of genetic material between
bacteria via cell-to-cell contact. / ‘

— Genetic element :
. Variety of determinants including
* Plasmid B

genes inactivating erythromycin,

ciprofloxacin, rifampicin,
and chloramphenicol

Novel metallo-beta-lactamase
that hydrolyzes penicillins,
cephalosporins, and carbapenems

Genetic element that also encodes
efflux pump and promoters that
ensure the transcription of its genes

Transmissible genetic

eV YE 1 NEJM 365; 25: 2379 Taiwan CDC

http:/ www.cdc.gov.tw
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New Delhi Metallo-B-lactamase
(NDM-1) (3/6)
* Medical tourism

— Patients who have traveled and undergone
procedures in India and Pakistan, as well as cases

reported in Asia, Europe, North America, and
Australia.
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27 New Delhi Metallo-B-lactamase
(NDM-1) (4/6)

* Distribution of NDM-1 Enterobacteriaceae strains

In India, Pakistan, Bangladesh, and the UK.
%Jf

Taiwan CDC
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New Delhi Metallo--lactamase
(NDM-1) (5/6)

* |International Dissemination of NDM-1

4SP
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27 New Delhi Metallo-B-lactamase
(NDM-1) (6/6)

* The widespread nonprescription use of

antibiotics in India leads to huge selection
pressure.

* |India also provides cosmetic surgery for other
Europeans and Americans, and blayg.; Will
likely spread worldwide.

Taiwan CDC

http:/ www.cdc.gov.tw
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SZ/What's Special about This New Type of
Resistance Labelled as NDM-1?

* New resistance pattern has been reported In
many different types of bacteria.

* There Is no significant new drug development for
antimicrobials.

* The resistance pattern is governed by a set of
genes that can move easily from one bacterium
to another.

* It has been found in the most commonly
encountered bacterium in the human population,
E. col.

Taiwan CDC

http:/ www.cdc.gov.tw
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2. Risk Factors
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Risk Factors

« Carbapenemase-producing organisms can arise
from previously carbapenemase-negative strains
by acquisition of genes from other bacteria.

« Use of broad spectrum cephalosporins and/or
carbapenems.

Taiwan CDC

http:/ www.cdc.gov.tw
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& Emergence of Antimicrobial

Resistance

Susceptible Bacteria

®

Resistant Bacteria

Mutations

Resistance Gene Transfer

New Resistant Bacteria
Taiwan CDC

http://www.cdc.gov.tw
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Additional Risk Factors

Trauma

Diabetes

Malignancy

Organ transplantation

Mechanical ventilation

Indwelling urinary or venous catheters

Overall poor functional status or severe iliness

Recelved medical care in India and Pakistan
— NDM-1-producing Enterobacteriaceae.

Taiwan CDC

http:/ www.cdc.gov.tw
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USA/Canada| 7'~ ) . - S
1 352 milion |- ’ :
39 : - 4 11.4 million

Australia
y \ 4 New Zealand
) - ‘ ~1 3.3 million }

In 2004, 763 million people crossed international borders,
reflecting an. increase of 73 percent over the course of 15 years.
Taiwan CDC

http://www.cdc.gov.tw




RIS LSp

3. Transmission
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Transmission

* Transposons or plasmids

— On mobile genetic elements, and have the potential
for widespread transmission to other isolates and
genera of bacteria.

« Enterobacteriaceae, which may harbor
carbapenemase-encoding genes, can spread
from person to person.

* Cross-infection within and outside of healthcare
systems.

Taiwan CDC

http:/ www.cdc.gov.tw
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O_u'H‘O (Ward 1x B2+ klebsiella pneumoniae-ESBL N

_ _ Enterococcus faecalis
Ward 37k # : klebsiella pneumoniae-ESBL  |\y/arg 14 #: klebsiella pneumoniae-ESBL

- Enterococcus faecall_s Ward 1/ % & : Enterococcus faecalis
Ward 34 : Enerococcus faecalis Ward 1% #, % % £ - $: Enterococcus faecalis
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Ward 1F5 3 7 : klebsiella neumoniae-ESBL

Ward 2f5 32 % ;. klebsiella pneumoniae-ESBL
Enterococcus faecalis

Ward 1-23 % : Staphylococcus aureus-MRSA

non-spore GPB

Taiwan CDC
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Organisms Transfer from Patient to
HCW'’s Hand

Organism transfer from patient to HCWs' hands

Contact between the HCW and the patient results in cross-transmission of microorganisms. In this case, Gram-positive cocci from the patient’s
own flora transfer to HCW's hands. Reprinted from Pittet, 200688 with permission from Elsevier.

ONA] <5 o1 - wrio Taiwan CDC
http:/ www.cdc.gov.tw




N 2 AR ASP

&2/ Failure to Cleanse Hands Results in between

Patient Cross-transmission
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Modern Healthcare Systems

COMPLEXITY OF MODERN HEALTH CARE SYSTEMS
Patient home : ! Long-term care
Home care < > facilities
VoSN AN
Vi vV
Hospital
Acute care
{ 0o
AV AV \ V
Ambulatory s ) Nursing homes
Qutpatient treatment Living area

© Elsevier 2004. Infectious Diseases 2e - www.idreference.com

YR :JFl : Elsevier 2004. Infectious Diseases 2e Taiwan CDC

http:/www.cdc.gov.tw
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Transmission

. . Antibiotie resistance shows up in
° P u bl IC Water SuU p p I les India's drinking water

Discovery of NDM-1 outside hospital environment raises alarm.

— NDM-1-positive bacteriain ...
India, the potential for Ehat confers ramtance £

. . . . a major class of antibiotics
environmental dissemination. s wn sarpies
of drinking water and
sewage seepage from New
Delhi, researchers report in
The Lancet Infectious
Diseases todayt. This
raises the danger that
cople will be exposed to Antibiotic resistance genes have been
peop P found in bacteria in drinking water

disease-causing bacteria and sewage, far the hospitals the
that cannot be treated by usually haunt.

antibiotics.

Gurinder Osan / AP Photo

The resistance is bestowed

by a gene, blaypm-1, that encodes the enzyme New Delhi metallo-[B-
lactamase 1 (NDM-1). These genes can be passed easily between
bacteria by discrete rings of DNA called plasmids. The enzyme blocks
the activity of a range of antibiotics including the carbapenems —
drugs of last resort for resistant infections — which might be used to
treat, for example, urinary-tract infections triggered by the bacterium
Escherichia coli or lung infections resulting from Klebsiella
pneumoniae. NDM-1-positive strains of both species have previously
been found in hospitals in India and Pakistan.

ﬁ TR ¥R : Nature 2011 April 7 Taiwan CDC
http://www.cdc.gov.tw
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4. Clinical Disease
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Clinical Disease

Clinical infections or asymptomatic colonization.

Blood stream infections, ventilator-associated
pneumonia, urinary tract infection, and central
venous catheter infections.

Isolated from respiratory tract specimens,
abdominal swabs, catheters, abscesses, urine,
and surgical wounds.

Sporadic hospital-acquired infections and
outbreaks due to hospital-based clonal spread in
both tertiary and community hospitals.

Taiwan CDC

http:/ www.cdc.gov.tw
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~ Healthcare-associated Infections

Patient

Taiwan CDC
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Hospital Outbreak of CRE

RESEARCH ARTICLE

ASP

NOSOCOMIAL INFECTION

Tracking a Hospital Outbreak of Carbapenem-Resistant
Klebsiella pneumoniae with Whole-Genome Sequencing

Evan S. Snitkin," Adrian M. Zelazny,”? Pamela J. Thomas,' Frida Stock,?
NISC Comparative Sequencing Program,® David K. Henderson,?
Tara N. Palmore,?* Julia A. Segre'*

C oniae is a major cause of nosocomial infections, primarily among im-
of strains resistant to carbapenems has left few treatment options,
1, the U.S. National Institutes of Health Clinical Center experienced an
niae that affected 18 patients, 11 of whom died. Whole-genome se-
olates to gain insight into why the outbreak progressed despite early
ures. Integrated genomic and epidemiological analysis traced the
from a single patient who was discharged 3 weeks before the next
enomic comparisons provided evidence for unexpected transmission
ogical data pointing to possible explanations for these transmissions.

f genomic and epidemiological data can yield actionable insights and

Taiwan CDC

http:/www.cdc.gov.tw
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The First Reported Death...

r D

* In August 2010, a Belgian man who was
hospitalised with a major leg injury was involved
In a car accident during a trip to Pakistan.

» A doctor involved in his treatment said, “He had
already infected before repatriating to Belgium.”

* He died despite being administered colistin, a
powerful antibiotic...

Taiwan CDC

http:/ www.cdc.gov.tw
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First NDM-1 Patient (Colonized) in
Talwan

CASE REPORT

First Identification of a Patient Colonized With
Klebsiella pneumoniae Carrying blaypm.4 in Taiwan

Hua-Shin Wu'#, Te-Li Chen!##*#, Isaac Chun-Jen Chen®, Mu-Shun Huang®, Fu-Der Wang!**,

145 45w

Chang-Phone Fung'*7, Shou-Dong Lec

! Division of Infectious Diseases, “Immunolagy Research Center, and Departments of * Emergency Medicine and
*Medicine, Taipei Veterans General Hospital, and °Department of Medicine, National Yang-Ming
University School of Medicine, Taipei, Taiwan, R.0.C.

New Delhi metallo-p-lactamase 1 (NDM-1) is a novel type of metallo-p-lactamase (MBL). Enterobacteriaceae carrying this
MNOM-1 encoding gene, blaymyq. have been identified worldwide. Bacteria carrying blaymg.4 are not only resistant to car-
bapenem, but also highly resistant to many classes of antibiotics, which indicate the importance of prompt identification
of these bacteria and implementation of strict infection control measures to prevent their transmission. Here, we report
the first identification and management of a patient colonized with Klebsiella pneumoniae carrying blayny. in Taiwan,
who returned from MNew Delhi where he had been hospitalized for a gun-shot injury. [J Chin Med Assoc 2010;
T3(11):596-598]

Key Words: antibiotics, drug resistance, Enterobacteriaceae, New Delhi metallo-f-lactamase 1, Taiwan

Taiwan CDC

http://www.cdc.gov.tw
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First NDM-1 Patient (Infected) in Taiwan

2 e iR EPINDM- LB EERMERE R MR T RERE RXEREE

HEHE: ARE Public Relations Office 0 SHARE
Aig 2011/1/14
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¥2/ Cases of Metallo-B-lactamase
Producing Enterobacteriaceae in USA

Table 1. Cases of Metallo-3-Lactamase—Producing Enterobacteriaceae in the United States Reported to CDC, 2009-2010

Received medical

care outside Additional patient
Case MBL type Culture date Organism Culture site United States information
NDM Apr 2009 Enterobacter cloacae Urine Yes Hospitalization in India
2 NDM Dec 2009 Klebsiella pneumoniae Urine Yes Hospitalization in India
8 NDM May 2010 Escherichia coli Urine No Travel in India, history of

multiple comorbidities,
indwelling medical device

NDM Sep 2010 K. pneumoniae Respiratory Yes Hospitalization in Pakistan

3) NDM Sep 2010 E. coli Respiratory Yes Received medical care in
India, no hospitalizations

6 NDM Dec 2010 K. pneumoniae Urine Yes Hospitalization in India

7 NDM Feb 2011 K. pneumoniae Respiratory Yes Hospitalization in India

8 IMP Nov 2009 K. pneumoniae Urine No No known travel outside
United States

9 IMP May 2010 K. pneumoniae Urine No No known travel outside
United States

10 IMP Jun 2010 K. pneumoniae Urine No No known travel outside
United States

11 VIM Jul 2010 K. pneumoniae Blood Yes Hospitalization in Greece

12 VIM Sep 2010 K. pneumoniae Urine Yes Hospitalization in ltaly

13 VIM Oct 2010 K. pneumoniae JP drain No Overlapping ICU stay with

case-patient 11 during
United States hospitalization

NOTE. MBL, metallo-p-lactamase; NDM, New Delhi metallo--lactamase; IMP, "active on imipenem’”’; VIM, Verona integron-encoded metallo-p-lactamase;
ICU, intensive care unit.

Fi © CID 2011: 53 (1 July) Taiwan CDC
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= MIC Breakpoints for Carbapenems

* Clinical Laboratory and Standards Institute
(CLSI) :Enterobacteriaceae with elevated MICs
to carbapenems (2—4 pg/mL) or reduced disk
diffusion zones be tested for production of a
carbapenemase using the modified Hodge test

Prewvious breakpoints Revised breakpoints
(M100-S19MIC (pg/mL) (M100-S20)MIC (pg/mL]
Agent Susceptible Imtermediate Resistant Susceptible Imtermediate Resistant
Doripenem =1 2 =4
Ertapenem =2 4 =8 =025 0. =1
Imipenem =4 B =16 =1 2 =4
Meropenem =4 B =16 =1 2 =4

Taiwan CDC

http:/ www.cdc.gov.tw
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Clinical Laboratory Testing

* |dentification of E. coli or K. pneumoniae with
overt resistance to any of the carbapenems
should raise suspicion that it may be harboring a

carbapenemase enzyme.

Taiwan CDC
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=Antimicrobial Therapy for CRE(1/3)

* The optimal treatment of infection due to
carbapenemase-producing organisms Is
uncertain.

« Because the presence of a KPC or
metalloenzyme carbapenemase confers
resistance to all penicillins, cephalosporins, and
carbapenems, selection of antibiotic therapy
should be tailored to antimicrobial susceptibility
results for agents outside the 3-lactam and
carbapenem classes.

Taiwan CDC

http:/ www.cdc.gov.tw
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or Dige®™

Antimicrobial Therapy for CRE(2/3)

« Combination antimicrobial therapy with two or
more agents for patients with severe infections
(including bacteremia) due to a carbapenemase-
producing Gram-negative organism.

 CRE: High mortality, emergence of resistance
during monotherapy, and the lack of clearly
effective single drug alternatives.

Taiwan CDC

http:/ www.cdc.gov.tw
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Antimicrobial Therapy for CRE(3/3)

Table 5. Recommended Definitive Therapy for Serious Infections, Including VAP and Bloodstream Infections, Caused by Drug-Resistant
Gram-Negative Bacteria.”

Drug-Resistant Pathogen Recommended Therapy

Extended-spectrum [3-lactamase—producing

Meropenem, 1-2 g given intravenously every & hr; or imipenem, 500 mg given intravenously
Enterobacteriaceae ESBL

every 6 hr; doripenem, 500 mg given intravenously every 8 hr or as a 1-hr or 4-hr infusion
Carbapenemase-producing

Colistin, 2.5-5.0 mg of colistin base/kg of body weight/day given in 2 to 4 divided doses
Enterobacteriaceae

(equivalent to 6.67-13.3 mg of colistimethate sodium/kg /day); or tigecycline, 100 mg
given intravenously as a loading dose, then 50 mg given intravenously every 12 hr

Taiwan CDC

http://www.cdc.gov.tw
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Tigecycline(1/2)

* Glycylcycline antibiotic derived from minocycline.

« Gram-positive pathogens (including MRSA,
VRE, and peniclillin-resistant Streptococcus
pneumoniae), Gram-negatives (important
exceptions include Pseudomonas and Proteus
species), anaerobes, and atypical species.

Taiwan CDC

http:/ www.cdc.gov.tw



Tigecycline(2/2)

« Complicated skin and skin-structure infections
and complicated intra-abdominal infections.

* Glven concerns regarding achieving adequate
serum drug concentrations, caution should be
used for the treatment of patients with
bacteremia.

« Associated with an increased risk of all-cause
mortality, most clearly among patients with
hospital-acquired pneumonia.

Taiwan CDC

http:/ www.cdc.gov.tw
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Polymyxins

* Retalin activity against most multidrug-resistant
Gram-negative pathogens.

« Combining polymyxin B with other antimicrobial
agents (e.g., tigecycline, carbapenems or
rifampin) can result in enhanced In vitro activity.

Taiwan CDC

http:/ www.cdc.gov.tw
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7. Infection Control of CRE
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How Antibiotic Resistance Happens

1 2 /3\ 3.
Lots of germs. Antibiotics kill The drug-resistant Some bactena give

A few are drug resistant. bacteria causing the illness, | bactena are now allowed to their drug-resistance to
as well as good bacteria grow and take over. other bactena, causing
protecting the body from more problems.

infection.

X )
X 2" X x

X

Taiwan CDC
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o Anmimals get
i ‘ antibiotics and
@ develop resistant
bacteria in their guts.

Fertilizer or water
containing animal feces
and drug-resistant bacteria
is used on food crops.

\

Yegetable Farm

h

=R FI ¢ Antibiotic resistant threats in the United States, 2013, CDC, US

o\ A AR AR ) &

Drug-resistant

bactera can

remain on meat \ d
from animals. ’
When not handled

or cooked properly, \
the bacteria can

spread to humans.,

Drug-resistant bacteria
in the animal feces can
remain on crops and be
eaten. These bacteria
can remain in the
human gut.

George gets ‘;;)
antibiotics and >

develops resistant :
bacteria in his gut. t

George stays at

home and in the

general community.

Spreads resistant \

bacteria. George gets care at a

hospital, nursing home or
other inpatient care facility.

v \

Resistant germs spread
directly to other patients or
indirectly on unclean hands
of healthcare providers.

Healthcare Facility

' PN Resistant bacteria
- spread to other

patients from

Patients o surfaces within the
go home. € | .iltheare facility.

asp

Taiwan CDC
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* Appropriate use of anti
« Enforcing legislation re

e\ F 2 AR AR

75

REFRTENE

“The Strategy Encompasses Actions

Survelllance for antimicrobial resistance,

education of healthcare workers.

niotics.
ated to stopping the

selling of antibiotics wit

control measures.

nout prescription.

Improving adherence to infection prevention and

Taiwan CDC
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Modern Healthcare Systems

COMPLEXITY OF MODERN HEALTH CARE SYSTEMS
Patient home g : Long-term care
Home care < > facilities
VoSN AN
Vi vV
Hospital
Acute care
0 0o
Y AV \ V
Ambulatory s ) Nursing homes
Qutpatient treatment Living area

© Elsevier 2004. Infectious Diseases 2e - www.idreference.com

YR 4:Jfl : Elsevier 2004. Infectious Diseases 2e Taiwan CDC
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=/Management for Multidrug-resistan

Organisms
Antibiotic control *™=>|nfection control

Acquisition of Resistant Bacteria

Patient-to-patient transmission
by horizontal transfer
(clonal spread)

In vivo “selection”
by antibiotic use

Y

Patient-to-patient transmission
facilitated by antibiotic use

(increase in the density of colonization)
Paterson DL. Clin Infect Dis 2002:34:1564-7.

¥ 71 : Paterson DL. Clin Infect Dis 2002: 34: 1564-7 Taiwan CDC

http://www.cdc.gov.tw
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Infection Control for
Multidrug-resistant Organisms(1/2)

 Hand hygiene

« Standard and contact precautions (e.g., gowns,
gloves)

» Cohorting of patients and staff

« Evidence-based practices to prevent device-
related infections

* Environmental cleaning and disinfection
* Equipment cleaning and disinfection

or Dige®™

Taiwan CDC

http:/ www.cdc.gov.tw
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Infection Control for
Multidrug-resistant Organisms(2/2)

|dentification and isolation of colonized patients
» Risk factor identification

» Active surveillance cultures

« Survelllance of microbiology results

* Qutbreak investigation

« Microbiological detection methods

« Antimicrobial stewardship

Taiwan CDC

http:/ www.cdc.gov.tw
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Surveillance Cultures(1/2)

* If previously unrecognized CRE cases or
hospital-onset CRE infections are identified,
facilities should consider survelllance cultures
from patients with epidemiologic links to CRE
case-patients.

* The goal of these cultures is to identify additional
unrecognized CRE-colonized patients who are a
potential source for transmission.

Taiwan CDC

http:/ www.cdc.gov.tw
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Survelllance Cultures(2/2)

* Appear to be most useful in the setting of
hospital outbreaks and among patients at high
risk for infection, such as patients in ICUs,

Immuno-compromised patients, long-term care
facility residents.

Infected patients ——>

/ \éColonized patients

Taiwan CDC

http:/ www.cdc.gov.tw
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Active Surveillance Cultures
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Figure 1. Patient and environmental sources of methicillin-resistant Staphylococcus aureus (MRSA)
and vancomycin-resistant enterococcus (VRE) in an intensive care unit room. Expanding circles
highlight the patient as the major reservoir and epicenter for MRSA and VRE. Splofches represent
locations where MRSA and VRE are commonly found.
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Antimicrobial Stewardship
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~Antimicrobial Stewardship Programs

* Ensuring the proper use of antimicrobials to
orovide the best patient outcomes

 Lessen the risk of adverse effects
* Promote cost-effectiveness
« Reduce or stabilize levels of resistance

Taiwan CDC
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Infection Control for CRE

« Hospitalized patients infected or colonized with
carbapenemase-producing bacteria should be
placed on contact precautions.

* Other standard measures: as hand hygiene,
minimizing the use of invasive devices, and
antimicrobial stewardship.

« Screening high-risk patients to detect rectal
colonization.

e Active survelllance.

Taiwan CDC
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* Infectious diseases do

not respect
International borders

Canada
29 cases

United States
1 case

Guangdong
F O] Metiopate
\mu;m

“[Hong Kong
Special

Adrerestiatve
Regron
Vietnam 195 cases
58 cases

e Flow of SARS

»

On 21 February, a Chinese doctor who had treated as yet
Sentax Cuntarw fuf iuaios Lottt undsagnosed SARS patents in Guangdong Province checked
into the Metropole Hotel in Hong Kong. Within twenty-four
hours, 12 people who stayed in the same hotel became infecled
with SARS and ook the disaase with them to Singapore, Hong
Kong, Vietnam, lreland, Canada, and the Uriled States
infecting directly or indirectly more than 350 people. Eventually,
the World Health Organization estimaited that more than 4,000
cases worldwide could be traced to this "superspreader”

O Canograglyy Centen MPG 764 K¥SA] (RO 840

PR VR ¢ Intelligence community assessment 2003-09 Tﬂ'Wﬂ“ CDC
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