
The Year in Infection Control

Andie Lee

Departments of Infectious Diseases and Microbiology

Royal Prince Alfred Hospital
Sydney, Australia

1



2

1.223 million Pubmed publications last 12 months



Selection process
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Journals reviewed

Scientific and educational 
value in infection control

Clinically relevant

Interesting (to me)



Topics covered
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• Antimicrobial resistance
Gram-negative >>> Gram-positive

• Infection control practices
Environmental cleaning

Hand hygiene

Contact precautions



ANTIMICROBIAL RESISTANCE
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In the US each year, AMR organisms:

• Cause > 2 million infections

• Associated with 23 000 deaths

In Europe each year, 25 000 deaths

6Marston et al. JAMA 2016; 316: 1193-1204
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Weiner et al. Infect Control Hosp Epidemiol 2016; 37: 1288-1301

4,515 hospitals reported data



% methicillin-resistant Staphylococcus aureus (MRSA)
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% vancomycin-resistant Enterococcus faecium (VRE)
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% carbapenem-resistant Klebsiella species (CRE)
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% fluoroquinolone-resistant Escherichia coli
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2001 Dutch travellers and 215 household members

Arcilla et al. Lancet Infect Dis 2017; 17: 78-85



• Faecal swabs before and immediately and 1 month after travel

• If any of above ESBL positive, traveller and household 
members sampled at 3, 6, and 12 months after travel

• Questionnaires at all timepoints for potential risk factors for 
ESBL acquisition, including:
– Demographics

– Illnesses

– Behaviour before, during and after travel

13
Arcilla et al. Lancet Infect Dis 2017; 17: 78-85



Percentage of travellers acquiring an ESBL by subregion
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Overall acquisition rate 34%
(CTX-M-15 in 53%)

75%

Arcilla et al. Lancet Infect Dis 2017; 17: 78-85



Predictors for ESBL acquisition

Risk factor Adjusted OR (95% CI) p value

Antibiotic use during travel 2.7 (1.8 – 4.1) <0.001

(Quinolone use) 6.0 (2.9 – 12.4)

Diarrhoea during and
immediately after travel

2.3 (1.4 – 3.8) 0.001

Pre-existing bowel disease 2.1 (1.1 – 3.9) 0.019

Daily street food 1.8 (1.1 – 3.0) 0.025

15
Arcilla et al. Lancet Infect Dis 2017; 17: 78-85
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11% remained colonised at 
12 months

Estimated probability of 
transmitting ESBL to 
household member was 
12% (95% CI 5–18)

Arcilla. Lancet Infect Dis 2017; 17: 78-85
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• Same cohort as previous study
• Acquisition of carbapenemase-producing Enterobacteriaceae (CPE)

van Hattern et al. Future Microbiol 2016; 11: 857-64
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• Acquisition of CPE seen:
– Outside the Indian subcontinent

– No healthcare contact during travel

• Consider admission CPE screening not only 
after recent travel, but even several months 
after return

19
van Hattern et al. Future Microbiol 2016; 11: 857-64



• 82 yr man 

• Admitted to the same hospital 21 times
(2011-2015)

• Often grouped with patients colonized with 
KPC-producing Enterobacteriaceae (KPE)

• Numerous antibiotic courses

20

Mulvey et al. NEJM 2016; 375: 2408-10



• 14 KPE isolates identified

• 9 available for sequencing:
– 7 rectal swabs
– 1 urine
– 1 wound swab

• 3 species (K. pneumoniae, K. oxytoca, and E. coli) identified, 
including:
– 3 different K. pneumoniae sequence types
– 3 different incompatibility (Inc) group plasmids carrying Tn4401

21

Mulvey et al. NEJM 2016; 375: 2408-10
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K. pneumoniae

E. coli

K. oxytoca



• Multiple isolates may have arisen from:

– Spread of resistance element within the host 
and/or

– Exposure to other KPE-colonized patients

• Limitations of outbreak investigations with 
traditional epidemiologic and molecular tools

• Genome sequencing necessary

23

Mulvey et al. NEJM 2016; 375: 2408-10
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• Until recently, colistin resistance reported to be mediated by 
chromosomal mutations and possibly imposed a fitness cost

• mcr-1 gene confers transferable colistin resistance

Wang et al. Lancet Infect Dis 2017; 17: 390-99



• 2 hospitals in Zhejiang and Guangdong

• mcr-1 in up to 1% of infecting isolates (2007 to 2015)

• Risk factors for infection:
– Male sex (p=0·011)

– Immunosuppression (p=0·011)

– Antibiotic use

• Carbapenems (p=0·002)

• Fluoroquinolones (p=0·017)

25
Wang et al. Lancet Infect Dis 2017; 17: 390-99



• Colonisation rates:

– Healthy volunteers – 0.7%

– Inpatients – 3%

• Risk factor for colonisation - Antibiotic use

• mcr-1 transferred between bacteria at high frequencies     
(10–¹ to 10–³)

• Colistin not yet used in humans in China

• In 2017, colistin will be formally banned from animal feeds

26
Wang et al. Lancet Infect Dis 2017; 17: 390-99
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E. coli and K. pneumoniae bloodstream infections

28 hospitals in China

Quan et al. Lancet Infect Dis 2017; 17: 400-10



• Proportion mcr-1-positive (2066 isolates):

– E. coli - 20 of 1495 (1%)

– K. pneumoniae - 1 of 571 (<1%)

• All mcr-1-positive resistant to colistin except for 
1 E. coli isolate

• Clonally diverse - sporadic

28

Quan et al. Lancet Infect Dis 2017; 17: 400-10



• Resistance to other antibiotics

– 100% tigecycline sensitive

– 20 (95%) carbapenem and piperacillin-tazobactam
sensitive

– 1 mcr-1-positive E. coli isolate also produced NDM-5

• No prior history of colistin use

• Zero 30 day mortality

29

Quan et al. Lancet Infect Dis 2017; 17: 400-10



• May 2016, mcr-1-positive E. coli first isolated from patient in US

• Woman with UTI

• ESBL with reduced colistin susceptibility

• Repeated admissions 2016

• 100 community and hospital contacts screens negative

30
Kline et al. MMWR 2016 ; 65: 977-78



Recovery of mcr-1 Enterobacteriaceae June 2016
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Xavier et al. Euro Surveill 2016; 21 (27): pii = 30280



• Porcine and bovine colistin-resistant E. coli 2011-2012

• mcr-1 in 12% (n = 13) of E. coli

• Novel plasmid-mediated colistin resistance gene mcr-2

– 77% nucleotide identity to mcr-1

• ? Originated from

Moraxella catarrhalis

33
Xavier et al. Euro Surveill 2016; 21 (27): pii = 30280

MCR-2 MCR-1
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• Gut microbiota enormous reservoir of antibiotic resistance (ABR) genes

• Aim:

– To analyze the gut resistome in patients with recurrent C. difficile 
infection (RCDI) undergoing FMT (n = 20)

– To examine how FMT influences the ABR profile of the recipients

Millan et al. Clin Infect Dis 2016; 62: 1479-86
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Millan et al. Clin Infect Dis 2016; 62: 1479-86



• Following successful FMT, the resistome of recipient 
became more similar to the resistome of donor

• Maintained up to a year after FMT

• Limitations

– No control group

– Clinical outcomes – MRO infection and transmission

37
Millan et al. Clin Infect Dis 2016; 62: 1479-86
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Mushtaq. Lancet Infect Dis 2016; 16: 1229-1230



INFECTION CONTROL PRACTICES
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Anderson et al. Lancet 2017; 389: 805-14



Aim: To determined the effect of three enhanced 
strategies for terminal room disinfection on 
acquisition and infection due to:

• MRSA

• VRE

• C. difficile

• Multidrug-resistant Acinetobacter

41

Anderson et al. Lancet 2017; 389: 805-14



• Pragmatic, cluster-randomised, crossover trial

• 9 US hospitals

• Rooms terminally disinfected with:

– Reference (quaternary ammonium)

– UV (quaternary ammonium and UV-C)

– Bleach

– Bleach and UV-C

• Bleach for all C. difficile rooms

42

Anderson et al. Lancet 2017; 389: 805-14



• Every strategy used at each hospital

• 4 consecutive 7-month periods

• Randomly assigned sequence of strategies

• Primary outcomes
– Incidence of infection or colonisation with all 

target organisms among exposed patients

– Incidence of C. difficile infection among exposed 
patients

43

Anderson et al. Lancet 2017; 389: 805-14



Intention-to-treat analysis

44

Reference UV Bleach Bleach + UV

Total no. 4916 5178 5438 5863

RR (95% CI)

All target
organisms

Reference 0·70
(0·50 to 0·98)

0·85
(0·69 to 1·04)

0·91
(0·76 to 1·09)

C. difficile - - Reference 1·0
(0·57 to 1·75)

MRSA Reference 0·78
(0·58 to 1·05)

1·00
0·82 to 1·21)

0·97
(0·78 to 1·22)

VRE Reference 0·41
(0·15 to 1·13)

0·43
(0·19 to 1·00)

0·36
(0·18 to 0·70)

Anderson et al. Lancet 2017; 389: 805-14



• Enhanced terminal cleaning resulted in 10–30% 
reduction in acquisition of a multidrug-resistant 
organism or C. difficile

• Largest risk reduction with UV-C device added to the 
standard disinfectant strategy
– Incident cases from 2.3% to 1.6%

• C. difficile infection not reduced after adding UV to 
bleach (unlike previous studies)

45

Anderson et al. Lancet 2017; 389: 805-14
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Stewardson et al. Lancet Infect Dis 2016; 16: 1345-55



• 15-month baseline period

• 67 wards randomised (1:1:1) to 1 of 3 groups:

– Control (22)

– Enhanced performance feedback (24)

– Enhanced performance feedback plus patient 
participation (21)

• Primary outcome - hand hygiene compliance

47
Stewardson et al. Lancet Infect Dis 2016; 16: 1345-55



Enhanced performance feedback

• Immediate, individualised feedback
– Verbal

– Where feasible, individualised card 

• Intermittent, aggregated feedback
– Reports and posters

– 3 monthly

• Ward-level benchmarking and goal setting (80%)

48
Stewardson et al. Lancet Infect Dis 2016; 16: 1345-55



Patient participation

• Patient welcome pack
– Brochure

– Individual bottle of alcohol-based handrub

• Patient education about hand hygiene

• Invited to ask health-care workers to perform 
hand hygiene

• Posters and healthcare worker badges

49Stewardson et al. Lancet Infect Dis 2016; 16: 1345-55
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Overall 
increase 

65% to 74%

3% improvement
(p=0·19) 

4% improvement 
(p=0·048) 

Stewardson et al. Lancet Infect Dis 2016



• No clinically significant effect for either intervention
(a-priori threshold of 15% not reached)

• Possible explanations:
– Direct observation
– Cross-contamination
– Did patients really participate? 

No episodes of patients reminding health-care workers     
to perform hand hygiene observed

51Stewardson et al. Lancet Infect Dis 2016; 16: 1345-55



CONTROVERSIES !
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Do we need contact precautions ??
• Contact precautions aim to reduce transmission of 

MROs by direct or indirect contact

• Common practice

• Increasingly controversial:

– Costs

– Concerns regarding patient safety

– Disputable benefits regarding transmission

• Evaluation of effectiveness and cost-benefit ratio
53
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Aim: To evaluate the impact of discontinuation of contact precautions (CP) 
for MRSA and VRE and expansion of chlorhexidine gluconate (CHG) use on 
the health system

Martin et al. Infect Control Hosp Epidemiol 2016; 37: 1323-30



• Retrospective, non-randomized, 
observational, quasi-experimental study

• Two California hospitals

• All beds at hospital A and majority at hospital 
B are single-occupant, private rooms

55
Martin et al. Infect Control Hosp Epidemiol 2016; 37: 1323-30



• July 2014 - Routine CP for endemic MRSA and 
VRE discontinued

• May 2014 - Daily 2% CHG bathing in all units

• Outcome - Hospital-wide laboratory-identified 
clinical culture rates 1 year before and after

56
Martin et al. Infect Control Hosp Epidemiol 2016; 37: 1323-30



57Martin et al. Infect Control Hosp Epidemiol 2016; 37: 1323-30

p = 0.09

p = 0.14



• Before change, CP for MRSA or VRE in:
– 29% intensive care unit

– 19% medicine/surgery beds

• When combining isolation, gown and CHG costs, 
$643,776 saving in 1 year

• Estimated nursing time - 45,277 hours/year 
(estimated cost, $4.6 million)

58
Martin et al. Infect Control Hosp Epidemiol 2016; 37: 1323-30



Caveats:

• Near-universal CHG bathing

• HH compliance rates high 

(>90% Hosp A and 64-74% Hosp B)

• Single-occupant patient rooms

• Short follow up

• Reproducible in hospitals with higher rates?

59
Martin et al. Infect Control Hosp Epidemiol 2016; 37: 1323-30



60
Munigala et al. Infect Control Hosp Epidemiol 2017;38:619–621

• 1,250-bed academic tertiary care hospital in Saint Louis, 
Missouri

• VRE rate between January 2009 and December 2015



• Reflex screening of stool for C. difficile testing

– Jan 2009 to July 2010 – Yes

– July 2010 – Ceased

– Jan 2012 to Dec 2015 – Yes

• Outcome - positive VRE urine or blood culture

61
Munigala et al. Infect Control Hosp Epidemiol 2017;38:619–621
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2.3 per
10,000 pt-days

3.7 per
10,000 pt-days

1.8 per
10,000 pt-days

Munigala et al. Infect Control Hosp Epidemiol 2017;38:619–621
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Basel, Switzerland

Aim: To determine nosocomial transmission of ESBL–E. coli 
after discontining contact precautions

Tschudin-Sutter et al. Emerg Infect Dis 2016; 22: 1094-97



• Hospitals (acute and geriatrics) ceased contact 
precautions for ESBL-E. coli patients - 2012

• Patient inclusion in study to December 2013

• Screened hospital patients who shared rooms 
with ESBL-E. coli patients

64
Tschudin-Sutter et al. Emerg Infect Dis 2016; 22: 1094-97



• 231 contact patients exposed to 211 index 
patients

• ESBL-E. coli from 24 contact patients and 
strain identity for 11 (PFGE) –
overall transmission rate of 4.8% (11/231)

65
Tschudin-Sutter et al. Emerg Infect Dis 2016; 22: 1094-97
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Tschudin-Sutter et al. Emerg Infect Dis 2016; 22: 1094-97



Exposure > 5 days 
associated with increased 

odds for transmission 

OR 10.2, 95% CI 1.3–80.9

p = 0.03

67
Tschudin-Sutter et al. Emerg Infect Dis 2016; 22: 1094-97



NOTE:

• High adherence to standard precautions -
hand hygiene compliance > 90%

• Infrastructure

– Acute hospital - 9% in rooms with 4 beds and 
remaining in rooms with 1–2 beds

– Geriatric hospital - 48% in rooms with 4 beds and 
remaining in rooms with 1–2 beds

• Lower ESBL rates than other settings

68
Tschudin-Sutter et al. Emerg Infect Dis 2016; 22: 1094-97



Summary – Antibiotic resistance

• Community reservoirs
– Understanding the epidemiology

• Transmission dynamics complex
– WGS

• Untreatable Gram-negatives

• Novel approaches
– Microbiome

• Global action

69



Summary – Infection control practices
Horizontal approaches – get the basics right!
• Environmental cleaning

– Good quality evidence emerging

• Hand hygiene
– Ongoing challenges to improve compliance

Vertical approaches
• Contact precautions

– Controversy for endemic MROs
– Watch this space…
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QUESTIONS ??

andie.lee@sswahs.nsw.gov.au
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