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Initial presentation

• 43 year old woman no 
PMHx except HTN

• Admitted 23 Mar 03 with 
fever, cough, SOBOE x 1 
week

• On admission, T 38.9C

• Initial wbc 19K, creat 257

• Admitted to isolation 
ward

X-Ray at ER



In the ward

• Was hypoxic, lethargic

• 25 March, LDH 2001, 
ALT 36, AST 50, wbc 
11.4, lym 0.8, plt 174.

• Treated with levofloxacin, 
imipenem

• Not responding, 
transferred to MICU

X_Ray: Day # 3





Subsequently

• Remained ill

• History clarified - Had 
been visiting her friend 
with hepatitis in TTSH, 
where the SARS outbreak 
had occured

• Deteriorated, needed iv 
adrenaline, HFOV

• Died 31 March 2003

X_Ray: Day # 7





Patient B:
Contact history

SARS pt #1

SARS pt #2
Patient S

NON-SARS

Visitor 1

Patient B

Son of patient B

MICU Director
Friend



J Hosp Infect. 2004;56:249-50.



http://www.cdc.gov/mmwr/preview/mmwrhtml/mm5212a1.htm

SARS trauma
persists in HK



The ICU in pandemics

• Protecting staff and other patients from EIDs

• Treating and supporting patients with severe 
disease

• Surveillance and surge capacity

• Protecting patients from us and our devices (and 
drugs)



TTSH demonstrated the Effectiveness of Barrier 
Precautions in protecting Healthcare Workers
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HCW Inpatient Visitor Family/friend School China Hong Kong (blank)

Count of Name

dOnset

Contact hx

Barriers
No new cases with onset 

after 20 Mar

Data courtesy of Dr Lim Suet Wun, Dr Leo YS, TTSH, Singapore



NEJM 2003;348:1256-1266



1.1 m

ER

Transmission of SARS
Tambyah, Ooi, Am J Med. 2004;116:486-9

Droplet 
Transmission



Influenza is one of the most

important public health

threats worldwide. The

disease is highly contagious

and is characterized by

seasonal epidemics and

periodic pandemics upon

introduction of new

subtypes of the virus.

Despite the enormous

burden of the disease,

there are surprisingly little

data on the transmission of

influenza virus to

healthcare workers (HCWs)

in the intensive care unit

(ICU) where the most

critically ill patients are

cared for. In the present

study, we report on the

transmission of influenza in

patients admitted to ICU to

healthcare workers using

contact and droplet

precautions.

The data from this
preliminary study indicate
that there is little to no
risk of transmission of
Influenza from an infected
patient to the healthcare
workers or cleaners in the
ICU with the use of
routine droplet and
contact precautions in
mechanically ventilated
patients.

Virk RK (1), Balasingam S (1), Wang DA (2), Sessions OM (3), Phua J (2), Koay E (1), Tambyah PA (1)

National University of Singapore(1), National University Health System (2), Duke-NUS (3)

Droplet precautions are adequate protection for healthcare workers managing 
mechanically ventilated patients with severe influenza 

• Five ICU patients (two on ECMO;
one continuously mechanically
ventilated; one intermittently
ventilated and one not ventilated)
were identified with laboratory-
confirmed influenza infection by
polymerase chain reaction (PCR) of
a routine clinical sample.

• All attending HCW’s (including
physicians, nurses, allied health
personnel and cleaners) were
invited to take part in the study.

• HCW’s who gave informed consent
provided the following samples
between the first day (day 0) the
ICU patient was confirmed with
influenza until day 10 unless the
patient was discharged earlier:
- Day 0 and 10 serum samples for
serology by the haemagglutination
- Day 0, 1, 2, 5 and 10 nasal swabs
for virus detection by PCR
- Day 0, 1 and 2 hand swabs for
virus detection by PCR

In addition HCWs provided morning
and evening temperature readings
using a standardized oral
thermometer and filled in daily
diary cards to record contact time
with the patient, length of shift
and any symptoms ( runny nose,
stuffy nose, malaise, sneezing, sore
throat, cough, headache, muscle/
joint pain, earache and shortness
of breath) being experienced.

Environmental swabbing was also
performed on sites in the room
housing the ICU patient on days 0,1
and 2. These sites included the
bedside table, the inside door
knob, the stethoscope, call bell,
bedrail and three discarded suction
catheters.

We would like to thank Dr 
Jingxiang Li for his 
assistance in recruiting 
HCWs on to the study. 

• Environmental Swabs

Table 2: Percentage of 

surfaces positive by 

PCR – virus detected

Virus was detected in the 

room housing the 5th

ICU patient. Virus 

was detected on 

suction catheters, 

bed rail and the call 

bell.

• Hand Swabs

There was no virus 

detected by PCR in 

any of the hand swab 

samples

Results

92 HCWs attending to the five ICU 
patients were recruited

Serology

Two HCWs were found to have
seroconverted against H3N2
virus which was not the same
influenza subtype as the index
ICU patient (pandemic H1N1
2009). This suggests that they
might have had mild influenza
infection but did not contract it
from the ICU as there was no
other influenza admission
concurrently at that time.



Staff were fully protected during SARS



Powered Air Purifying Respirators 
are available



Even bank robbers started to use N95 masks 
but they found them uncomfortable!



Now they
use surgical
masks



A

A

A

Prevention question: Is Influenza Airborne?
Results of observational studies

Brankston et al Lancet Infectious Disease 2007;7:257-65



Evidence based IP is critical



The costs
Were
tremendous





Bottom line: Depends on the virus



The ICU in pandemics

• Protecting staff and other patients from EIDs

• Treating and supporting patients with severe 
disease

• Surveillance and surge capacity

• Protecting patients from us and our devices (and 
drugs)



Sepsis is bad

Angus et al Crit Care Med 2001; 29:1303–10



Sepsis outcomes in Developing Countries 
can improve



Some key elements



ECMO

increasingly

used post 

H1N1 2009



http://www.entsoc.org/PD

F/Pubs/Periodicals/AE/A

E-2003/winter/Feature-

.pdf

http://www.scienceclarified.com/everyday/Real-Life-Chemistry-Vol-6/Infectious-Diseases.html

Public Health 
in 18th-19th

century
USA:

Dengue
in 

S.Carolina 
&

Cholera
in NYC





The ICU in outbreaks

• Protecting staff and other patients from EIDs

• Treating and supporting patients with severe 
disease

• Surveillance and surge capacity

• Protecting patients from us and our devices



Why do ICU surveillance?

• Early warning

• Most vulnerable

• Most controlled 
environment



Global dissemination of Klebsiella pneumoniae carbapenemase–
producing K. pneumoniae and New Delhi metallo-β-lactamase-1–

producing Enterobacteriaceae. 

Molton J S et al. Clin Infect Dis. 2013;56:1310-1318

© The Author 2013. Published by Oxford University Press on behalf of the Infectious Diseases 
Society of America. All rights reserved. For Permissions, please e-mail: 
journals.permissions@oup.com.





Antibiotic resistance in the ICU
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Improvisation for continuity of care



Hand Hygiene Audit

February - March & June 2003

Compliance Rate 
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Compliance (%) (Pre-SARS) 70.6 71 29.7 35.1 23.6 62.5 27.4 68.5 12.0 24 21.3 18 33.4

Compliance # 12 53 22 26 17 21 20 50 9 18 16 13 277

Sample Size 17 75 74 74 72 74 73 73 75 75 75 72 829

Compliance (%) (Post-SARS) 88.9 100 100.0 94.4 83.3 88.9 88.9 54.5 90.0 82 76.9 85.7 87.4

Compliance # 16 18 14 17 10 16 16 6 9 9 10 12 153

Sample Size 18 18 14 18 12 18 18 11 10 11 13 14 175

20 

CTICU

21 

MICU / 

SICU

41 43 44
47/PIC

C
51 52 53 55 57 58H Overall

Threshold: 100%

Courtesy of Deborah & QIU team



Hand hygiene needs a comprehensive 

approach

Chai et al Clinical Infectious Diseases 2005;40:632-633



The ICU in pandemics

• Protecting staff and other patients from EIDs

• Treating and supporting patients with severe 
disease

• Surveillance and surge capacity

• Protecting patients from us and our devices



Safdar N, Crnich CJ, Maki DG. Respir Care. 2005;50:725-39



Rosenthal, V. D. et. al. Ann Intern Med 2006;145:582-591

Comparison of Device Use and Rates of Device-Associated 
Infection in the Intensive Care Units of the International Nosocomial 
Infection Control Consortium and of the U.S. National Nosocomial 

Infection Surveillance System*



It all begins with the patient

• 75 year old woman

• DM ,Hypertension

• IHD s/p CABG 2011

• Bilateral OA knees

• ESRF – hemodialysis with access issues



Presenting complaint Nov 2013

• Fever and chills for 1 day during dialysis

• Yellowish pus from new right femoral perm 
catheter 

• Physical exam unremarkable

• Found to have intramuscular abscesses

• Multiple positive blood c/s for MSSA

• Treated with vancomycin then cefazolin

• Improved



Progress

• Remained well, intramuscular abscesses smaller

• Placement issues



Spiked a fever early in the new year

• Blood cultures peripheral and line: gram 
negative rods

• Started bactrim and levofloxacin 

• Blood cultures cleared after 1/52



Complained of blurring of vision



Vitreal aspirate cultures 



Progress

• Converted to intravitreal levofloxacin and 
topical levofloxacin 

• PO levofloxacin 6/52

• Improved clinically ( although still blind)

• Inflammatory markers improved 

• discharged





Heard of a cluster of Elizabethkingia 
infections in CTICU



Review of the Elizabethkingia 
outbreak literature

• Outbreaks identified since 1961

• Often in ICU or particularly NICU
– Underlying co-morbidity common in adults

• Often prolonged

• Where source identified:
– Faucets, taps (not central water supply)
– Distilled water (contaminated distillation machine)
– Secondary source – HCW hands

• But primary environmental source not found

• Infection control interventions:
– Hand hygiene
– Sterile water for cleaning patient equipment
– Environmental cleaning 
– Cleaning of taps



Review of the earlier cases

• 3 in CTICU were clinical samples , 2 in SICU 
were respiratory samples

• Identified using MALDITOF

• Treated with combination of pip tazo, 
levofloxacin or Bactrim

• 3/5 died 



Epidemic Curve

Date 2009-2012



Environmental sampling
• Swab cultures taken from faucets in:

– ICU A: 

• Sinks in rooms: 5/11 grew E. meningosepticum

• Pantry, staff room, clean utility sinks, CHG dispensors –
None

– ICU B: 

• Central area sinks – None

• Sinks in rooms: 3 of 4 grew E. meningosepticum

- ICU C:

• Sinks: 2 of 3 grew E. meningosepticum

• Breast feeding room -None

• Milk rooms 1&2 - None

– Ward A(control ward – no cases)

• Sinks in Rooms: 7/7 grew E. meningosepticum



Outcomes of Process Discussions
• Hand hygiene audits:

– Daily in ICU A

• Tap water use:
– Patient bed baths on ICU A
– Cleaning of tracheostomy inner tube
– Tracheal suctioning

• Environmental cleaning:
– High touch cleaning not routinely 
performed in ICUs
– Monitoring equipment cleaned by nurses

• No regular roster, not monitored



ERIC PCR



ERIC PCR results



WGS
Results







Report from our contractors



Sydnor ICHE 2012:33:235



Electronic Faucets

Sydnor ICHE 2012:33:235



Case control study



Initial Infection Control Interventions

• Hand Hygiene

– Use alcohol hand rub after washing hands with soap 
and water

• Patient 

– Use sterile water for any nursing care that requires 
water including bathing(E.g. Oral toilet)



Interventions

• Urgent education and feedback

• Rooms underwent terminal cleaning

• Faucets were systematically cleaned and 
aerators were changed ( once every ? Years)

• Following 3 months, no further cases in 
CTICU and SICU

• One month after aerators changed, new 
aerators were free of E meningoseptica



Cleaning sinks



Instructions continue
(this is the real world)



Report published



A prolonged problem



Epidemic Curve

Date 2009-2012



A global problem



The ICU in outbreaks

• Protecting staff and other patients from EIDs

• Treating and supporting patients with EIDs

• Surveillance and surge capacity

• Protecting patients from us and our devices



MMWR 1999 / 48(29);621-629



More questions?

Please email

mdcpat@nus.edu.sg


