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The	increase	was	driven	by	low-	and	middle-income	countries,	where	rising	
consumption	was	correlated	with	gross	domestic	product	per	capita	(GDPPC)	
growth	(P	=	0.004)	



Only	treat	bacterial	infections	

Do	not	treat	colonization/contamination		

Re-evaluate	prescription	after	48	h	

Stop	treatment	when	not	necessary	

Say	no	to	
antibiotics	

Choose	initial	treatment	well	

Change	for	oral	treatment	when	possible	

Limit	invasive	devices	

Respect	infection	control	measures	

Vaccination	

Use	antibiotics	
wisely	

Prevent	healthcare	
associated	infections	

Dellit	TH	Clin	Infect	Dis	2007;44:159	(adapted)	

Respect	infection	control	measures	



How	do	infection	control	measures	prevent	AMR?	

Transmission	↓	

Harris	SR	Lancet	Infect	Dis	2013;13:130	



Healthcare-	
associated		
infections↓	

How	do	infection	control	measures	prevent	AMR?	

Diekema	DJ	Antimicrob	Agents	Chemother	2019;63:e00355	



Transmission	

…hand	hygiene	
…glove	use	
…work	load	



Infections	with	MRSA	occurred	during	periods	when	nurses	
were,	on	average,	overloaded	by	more	than	25%	in	a	
surgical	ICU	in	Slovenia	

Daily	TISS	score	 Total	

≤	150	 151-200	 201-250	 >250	

Patient	days,	N	 317	 332	 248	 199	 1096	

MRSA	transmissions,	N	 0	 4	 13	 30	 47	

Nursing	care	days,	N	 1311	 1980	 1804	 1783	 6876	

MRSA	transmission	per		
100	nursing	care	days	

0.000	 0.202	 0.721	 1.682	 0.683	

TISS:	Therapeutic	Intervention	Scoring	System	

Blatnik	J	J	Hosp	Infect	2006;63:162	



Correlation	of	MRSA	and	bed	occupancy	in	the	medical	wards	
of	a	University-affiliated	hospital	in	Malta	

MRSA	infections	

Bed	occupancy	

Borg	MA	Infect	Control	Hosp	Epidemiol	2008;29:496	



Opportunities for hand hygiene per patient-hour of care  
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Relation between opportunities for hand hygiene 
 for nurses and compliance across hospital wards 

adapted from Pittet D et al. Annals Intern Med  1999; 130:126 

On average, 
22 opp / hour 
for an ICU nurse 

(adapted	from	)	Pittet	D	Ann	Intern	Med	1999;	130:	126	

Hand	hygiene	opportunities	and	compliance	



Morgan	DJ	Crit	Care	Med	2012;40:1045	

MDR	pathogens	 Hands	contaminated	
before	room	entry	

Contaminated	
gloves	

Hands	after	
glove	removal	

Meticillin-resistant	
Staphylococcus	aureus	

3.2%	 11.2%	 3.3%	

Vancomycin-resistant	
Enterococci	

0.6%	 10.0%	 1.7%	

MDR	Pseudomonas	aeruginosa	 3.4%	 17.4%	 3.5%	

MDR	Acinetobacter	baumannii	 5.1%	 29.3%	 4.2%	

Contamination	of	gloves	during	patient	care	



Johnson	PDR	Med	J	Australia	2005;183:509		

ABHR	consumption		
(L/1000	bed-days)	

Clinical	isolates	of	ESBL-
producing	E.	coli	and	Klebsiella	
spp.		
(N/100	discharges)	

Operation	
Clean	Start	



Correlation	between	beds	equipped	with	alcohol	hand	rub	and	
the	composite	index	of	AMR,	ECDC-PPS	2016-2017	
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Transmission	

…isolation	precaution	measures	



Containment	of	a	country-wide	outbreak	of	carbapenem-resistant	
Klebsiella	pneumoniae	in	Israel	

Physical separation of hospitalized carriers of 
carbapenem-resistant Enterobacteriaceae - 
audits	

Schwaber	MJ	Clin	Infect	Dis	2011;52:848			



Correlation	between	single	room	beds	and	the	composite	
index	of	AMR,	ECDC-PPS	2016-2017	

ECDC	point	prevalence	survey	in	European	acute	care	hospitals,	2016-2017	(Courtesy:	Suetens	C)	
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Healthcare-associated	infections	
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parameters previously identified as influencing compliance
was homogenous throughout the study period (table 1).
Among major staff categories, nurses contributed an
average of 68·8% (SD 3·3) of all opportunities; nursing
assistants 18·0 (2·4); doctors 8·3 (1·7); and other HCWs
4·9 (1·8).

Overall compliance improved from 47·6% in 1994, to
66·2% in December 1997 (p<0·001; figure 1). Although
compliance achieved through standard handwashing
remained stable at around 30%, that associated with hand
disinfection substantially increased from 13·6% to 37·0%
(p<0·001) between the first and the last survey (figure 1). In
support of this observation, the annual amount of alcohol-
based handrub solution used increased from 3·5 L per 1000
patient-days in 1993, to 4·1 L in 1994, 6·9 L in 1995, 9·5 L
in 1996; 10·9 L in 1997, and 15·4 L 1998 (p for linear
trend, p<0·001). Compared with the first observation
period, odds ratios for compliance increased progressively
even after adjustment for factors independently associated
with non-compliance (table 2).

Although average compliance differed between hospital
locations, compliance improved significantly during the
study period in medical, surgical, and intensive-care wards
(all p<0·001). Although not statistically significant, similar
trends were observed in gynaecology/obstetrics (p=0·17),
and paediatric wards (p=0·12; figure 2A). We observed
lower compliance rates for activities associated with a high
risk of transmission, compared with a medium or low risk;
however, compliance increased in all three groups after the
intervention (all p<0·001; figure 2B).

The number of opportunities for hand cleansing per h of
care was constant during the study period. We confirmed
previous observations of a link between a higher demand
and reduced compliance.5 Compliance improved in the
same manner at all levels of demand for hand cleansing
(p=0·019 for the high-demand group, and p<0·001 for the
others; figure 2C).

Compliance improvement with hand-hygiene practice
differed significantly between HCWs (figure 2D).
Remarkably, although it increased among nurses and
nursing assistants (both p<0·001), average compliance
remained low among doctors and other HCWs (31·1% [SD
5·3] and 39·5 [6·2], respectively) with no significant trends
over time (linear trends, p=0·92 and p=0·54, respectively).

Importantly, although doctors’ overall compliance with
hand cleansing did not improve, they switched from
handwashing to hand disinfection during the study period.
On average, from one survey to the next, the odds ratio for
hand disinfection (as opposed to handwashing) was 1·12
(95% CI 1·02–1·24; p=0·023).

Based on annual hospital-wide surveys at our hospital,
the prevalence of nosocomial infections decreased from
16·9% in 1994 to 9·9% in 1998 (p=0·04; figure 3).
Furthermore, on-site surveillance showed that the attack
rate of newly detected MRSA patients decreased from 1994
onwards (p=0·021). Between 1994 and 1998, the overall
incidence of MRSA infections decreased from 2·16 to 0·93
episodes per 10 000 patient-days (p<0·001). In particular,
the annual incidence of hospital-acquired MRSA
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Dec 1994 June 1995 Dec 1995 June 1996 Dec 1996 June 1997 Dec 1997

Opportunities 2834 (100) 3273 (100) 3019 (100) 2607 (100) 3044 (100) 2736 (100) 2569 (100)

Professional activity
Nurses 2006 (71) 2068 (63) 2034 (67) 1736 (66) 2134 (70) 1977 (72) 1823 (71)
Doctors 281 (10) 332 (10) 301 (10) 216 (8·3) 208 (6·8) 196 (7·2) 152 (5·9)
Nursing assistants 378 (13) 621 (19) 535 (18) 543 (21) 557 (18) 504 (18) 493 (19)
Other* 169 (6·9) 252 (7·7) 149 (4·9) 112 (4·3) 145 (4·8) 59 (2·2) 101 (3·9)

Hospital location
Medical ward 1118 (39) 1441 (44) 1163 (39) 1164 (45) 1375 (45) 982 (36) 1091 (42)
Surgical ward 980 (35) 1251 (38) 1175 (39) 908 (35) 1080 (35) 1117 (41) 970 (38)
Gynaecology/obstetrics 151 (5·3) 119 (3·6) 69 (2·3) 76 (2·9) 47 (1·5) 46 (1·7) 81 (3·2)
Paediatrics 133 (4·7) 85 (2·6) 83 (2·7) 115 (4·4) 118 (3·9) 139 (5·1) 130 (5·1)
Intensive care 458 (16) 375 (11) 529 (18) 344 (13) 424 (14) 452 (17) 297 (12)

Activity index†
!20 473 (17) 663 (20) 708 (23) 758 (29) 642 (21) 571 (21) 678 (26)
21–40 1258 (44) 1371 (42) 1245 (41) 1284 (49) 1475 (48) 1383 (51) 1339 (52)
41–60 825 (29) 855 (26) 636 (22) 466 (18) 648 (21) 449 (16) 435 (17)
>60 278 (9·8) 384 (12) 430 (14) 99 (3·8) 279 (9·2) 333 (12) 117 (4·6)

Level of risk of contamination‡
Low risk procedure 944 (36) 1307 (40) 1181 (39) 1046 (40) 1202 (39) 1052 (38) 909 (35)
Medium risk 1251 (48) 1468 (45) 1340 (44) 1156 (44) 1358 (45) 1170 (43) 1203 (47)
High risk 413 (16) 498 (15) 498 (16) 405 (16) 484 (16) 514 (19) 457 (18)

All data are number (%) of opportunities for hand hygiene (%). *Other includes: midwifes, respiratory and mobilisation therapists, radiology technicians, nutrition therapists, a well as
HCWs of all professional categories apart from nurses, nursing assistants, and doctors. †Refers to the number of opportunities for hand hygiene per h of care. ‡Level of risk of
contamination is ranked according to the scale proposed by Fulkerson.2

Table 1: Observed opportunities for hand hygiene in consecutive observational studies, University of Geneva Hospitals, Switzerland,
1994–97
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Figure 1: Hand-hygiene compliance trend during seven
consecutive hospital-wide surveys, University of Geneva
Hospitals, 1994–97
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Poor compliance with hand hygiene is common among
HCWs. Reported reasons for not washing hands include
skin irritation, inaccessible handwashing supplies, wearing
gloves, “being too busy”, or “not thinking about it”.2,6,16–18

Of note, some HCWs believed that they washed their hands
when necessary even when observations indicated
otherwise.16 Our intervention targeted three of these reasons
by facilitating hand hygiene through easy access to hand
disinfection and through repeated reminders using the
poster campaign.7,17,18

As high demand for hand cleansing is associated with low
compliance,5 and because full compliance with
conventional guidelines may be unrealistic5,9 we tested
whether bedside hand antiseptics could help improve this
situation. We found that most groups of HCWs modified
their practice and compliance improved mainly as a result
of the increasing use of alcohol-based handrub solution.
HCWs were repeatedly encouraged to consult the employee
health unit for any concern linked to the use of hand-
hygiene products, but no case of substantial skin damage
(excessive skin irritation and dryness with fissuring or
cracking, severe irritant contact dermatitis, allergic or toxic
reactions) was notified. Current experience with alcohol-
based rubs confirms that hand disinfection reduces hand
contamination more than handwashing in certain clinical
conditions.19,20 In addition, handrubs offer the advantage of
being less time-consuming, probably a factor influencing
compliance, especially in demanding situations.5,9

Therefore, our results confirm the validity of the suggestion
in the UK handwashing initiative to investigate the possible
benefit of promoting bedside, alcohol-based handrub as the
main hand-hygiene compliance tool.7

This intervention expands previous research experience
on attempts to modify HCWs behaviour.17 In our study,
contributing factors to the success were: the multimodal and
multidisciplinary approach, including communication and
education tools, reminders in the work environment, active
participation and feedback at both individual and
organisational levels, and involvement of institutional
leaders.7,17,18,21 Furthermore, special care was taken to ensure
that HCWs identified strongly with the institution’s goals by
involving them directly in the promotional campaign. For
instance, the most visible components—ie, the posters—
carried the name of the ward that had proposed the message.

Behavioural theories and interventions based on these
theories have primarily targeted individuals. This may be
insufficient to effect sustained change.7,8,17 The inter-
dependence of individual factors (eg, knowledge, attitudes),
environmental constraints (eg, access to washing facilities),
and organisational climate (eg, feedback, positive
reinforcement) may have a key role in the success of
behavioural interventions.7,8,17,18

As observed by others,4 lower compliance rates were
associated with activities with a high risk of cross-
transmission. This is a troublesome problem, which may
be explained by the difficulty in finding hand-hygiene
opportunities in the sequence of busy patient care.5,6,18

Our intervention was not focused primarily on
improving compliance with high-risk activities, but
subsequent educational efforts will specifically target this
aspect.

Poor doctor compliance with hand hygiene remains an
unsolved and vexing issue.2,5,6,8 Whether increased staff
rotation and lower campaign awareness among doctors
compared with other HCWs could explain the low
compliance in our study requires further research.8 Previous
interventions to change doctors’ behaviour have included
education, feedback, financial rewards and penalties, and
administrative changes.8,22 Research suggests that
combinations of interventions targeted at multiple
behavioural factors are more likely to suceed than isolated
actions,23 but the best way to improve hand hygiene among
doctors remains to be determined.18,21

The decrease in nosocomial infections and MRSA
transmission rates strengthens the case that our intervention
was beneficial to patients. Seven quasi-experimental studies
published between 1977 and 1995 assessed the impact of
hand hygiene on the risk of hospital-acquired infection.24

Although most reports showed a temporal relation between
improved hand-hygiene practice and reduced infection
rates, none achieved a lasting improvement in hand hygiene
of more than 6 months. By contrast, the strength of our
study lies in its hospital-wide approach and extended time
frame. However, our infection-control programme uses
additional measures other than the promotion of hand
hygiene, including on-site surveillance, implementation of
prevention guidelines, outbreak investigations, and issues
related with disinfection, sterilisation, air and water control,
and building construction.25 The design of our study
precludes ascertainment of the proportion of reduction in
infection rates that was attributable to the hand-hygiene
campaign alone. However, the latter was the only
preventive measure applied hospital-wide during the entire
study period.

Our findings confirm reports of the value of hand hygiene
in the control of MRSA transmission,26,27 even in the
absence of a restrictive antibiotic-prescribing policy.
Although the effect of the latter in preventing the spread of
MRSA remains the subject of debate,28 we still consider it as
an important additional control measure, since certain
antibiotic-prescribing patterns may promote multidrug-
resistant MRSA.29

Our study has several limitations. First, randomisation
was not feasible since the intervention was a hospital-wide,
single-centre study. The ethical acceptibility of control
groups in situations perceived as threatening to patients
(high endemic nosocomial infection and MRSA
transmission rates) was an additional obstacle. Second,
because the intervention was multimodal, it is difficult to
assess which part of the strategy was the most effective.
However, partitioning the intervention effect may be
irrelevant since a multimodal approach may be more
effective than the sum of its parts.17,18,21 Third, although our
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Figure 3: Trends in prevalence of nosocomial infections and
annual attack rate of MRSA, 1993–98, University of Geneva
Hospitals
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Is	hand	hygiene	effective?	

Pittet	D	Lancet	2000;56:1307		



insertion and care practices for these devices over the duration of
the HH action plan intervention period.

RESULTS

There were 63,375 unobtrusive HH observations during the
April 2006 to September 2012 study period. There was an overall
increase in the hospital-wide HH adherence (Fig 1), from 58% at the
start of the program in April 2006, to a mean of 80.5% in 2007
(P ¼ .015, comparison of 2006 and 2007 HH adherence data, Stu-
dent t test, 2-tailed, 2-sample unequal variance), to a mean of 88%
in 2009 (P< .001, comparison of 2009 and 2006 HH adherence data,
Student t test, 2-tailed, 2-sample unequal variance; P ¼ .019, com-
parison of 2009 and 2007 HH adherence data, Student t test,
2-tailed, 2-sample unequal variance), to a mean of 96% in 2011
(P< .001, comparison of 2011 and 2006 HH adherence data, Student
t test, 2-tailed, 2-sample unequal variance; P < .001, comparison of
2011 and 2009 HH adherence data, Student t test, 2-tailed,
2-sample unequal variance), and then to 98% in September 2012
(P < .001, comparison of 2012 and 2006 HH adherence data,
Student t test, 2-tailed, 2-sample unequal variance; P < .001,
comparison of 2012 and 2009 HH adherence data, Student t test,
2-tailed, 2-sample unequal variance; P ¼ .03, comparison of 2012
and 2011 HH adherence data: Student t test, 2-tailed, 2-sample
unequal variance; P ¼ .03).

The number of monthly HH observations before March 2011,
when all observations were conducted by 8 members of the
Infection Prevention and Control Department staff, was typically
between 300 and 350. After March 2011, with an increase to more
than 75 trained (primarily supervisory) HCW observers, the num-
ber of monthly HH observations increased to approximately 3000.

The program started with HH education and implementation of
a central line bundle in spring 2006. These components substan-
tially increased the overall HH adherence rate to just below 90%.
After implementation of all components of the hand hygiene action
plan, the HH adherence rate increased further to 98%. HH compli-
ance rates continued at 98%-99% as of November 2013. The HH
adherence rate increased after full implementation of the hand
hygiene action plan in various groups of HCWs, including nurses
(99%), physicians (96%), and food services staff (99%). When the
project began in April 2006, the rate of HH adherence for nurses
and physicians was 55%.

Before training and deployment of unit-based observers in
March 2011, there was likely a short-term improvement in HH
adherence rates because of the Hawthorne effect. Observers were
known Infection Prevention and Control Department staff, and
observations were recognizable. With unit-based observers, the
unobtrusive observations were more likely to be unrecognized.
Thus, rates after March 2011 are more likely to be consistent with
unobserved rates, making the significant improvement in adher-
ence more striking.

The CLABSI rate decreased significantly over the course of the
study period, from 4.08 per 1,000 device-days in April-September
2006 to 1.13 per 1,000 device-days in March 2011 and to 0.42 per
1,000 device-days in April-September 2012. To examine the po-
tential lives saved and economic impact of the HH action plan, we
took a closer look at our CLABSI reporting over the course of the
study period. Between July 2006 and June 2007, we reported 59
CLABSIs, comparedwith only 7 CLABSIs between July 2010 and June
2011 and 9 CLABSIs between July 2011 and June 2012. This equates
to approximately 50 fewer infections per year and 9 fewer deaths
per year attributed to CLABSI, assuming an 18% mortality rate from
this infection.25 In addition, given that the average health care

Fig 1. HH adherence rates (%) over the study period.26,28,30

L. Johnson et al. / American Journal of Infection Control 42 (2014) 1146-51 1149

63’375	HH	observations		

A	multifactorial	action	plan	improves	hand	hygiene	adherence	
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59,122	hand	hygiene	opportunities	

p	<	0.0001	

PROHIBIT	CLABSI	prevention	study	

van	der	Kooi	T	Intensive	Care	Med	2018;44:48	



Trend	already	during	baseline	[HRsub	0.93;	(0.84–1.02)	per	quarter]	

0.
9/
10
00

	

2.4/1000	

(RR	0.39;	95%	CI,	0.32–0.48;	p	<	0.0001)	

PROHIBIT	CLABSI	prevention	study	

van	der	Kooi	T	Intensive	Care	Med	2018;44:48	



Cost	



“The	budget	was	about	AUD$3.20	per	
hospital	admission	-	ie	about	two-thirds	the	
price	of	a	Big	Mac”	

Hand	hygiene	Australia	

Grayson	L	(personal	communication)	



The	most	effective	for	AMR	prevention	are	
“standard	precaution	measures”	

…which	are	the	minimum	of	
best	practice	procedures	

…and	are	not	to	be	challenged	
in	cost-effectiveness	

discussions	



Behaviour	change	interventions	do	
not	need	much	technology…	

…but	social	investment		
(and	an	IPC	team!)	
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Thank	you	for	your	attention	


