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ABSTRACT

Background

Hospital-acquired infection is a frequent adverse event in patient care; it can lead to longer stays in the intensive care unit (ICU), additional
medical complications, permanent disability or death. Whilst all hospital-based patients are susceptible to infections, prevalence is
particularly high in the ICU, where people who are critically ill have suppressed immunity and are subject to increased invasive monitoring.
People who are mechanically-ventilated are at infection risk due to tracheostomy and reintubation and use of multiple central venous
catheters, where lines and tubes may act as vectors for the transmission of bacteria and may increase bloodstream infections and
ventilator-associated pneumonia (VAP). Chlorhexidine is a low-cost product, widely used as a disinfectant and antiseptic, which may be
used to bathe people who are critically ill with the aim of killing bacteria and reducing the spread of hospital-acquired infections.

Objectives

To assess the effects of chlorhexidine bathing on the number of hospital-acquired infections in people who are critically ill.

Search methods

In December 2018 we searched the Cochrane Wounds Specialised Register; the Cochrane Central Register of Controlled Trials (CENTRAL);
Ovid MEDLINE; Ovid Embase and EBSCO CINAHL Plus. We also searched clinical trial registries for ongoing and unpublished studies, and
checked reference lists of relevant included studies as well as reviews, meta-analyses and health technology reports to identify additional
studies. There were no restrictions with respect to language, date of publication or study setting.

Selection criteria

We included randomised controlled trials (RCTs) that compared chlorhexidine bathing with soap-and-water bathing of patients in the ICU.

Data collection and analysis

Two review authors independently assessed study eligibility, extracted data and undertook risk of bias and GRADE assessment of the
certainty of the evidence .

Main results

We included eight studies in this review. Four RCTs included a total of 1537 individually randomised participants, and four cluster-
randomised cross-over studies included 23 randomised ICUs with 22,935 participants. We identified one study awaiting classification, for
which we were unable to assess eligibility.
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The studies compared bathing using 2% chlorhexidine-impregnated washcloths or dilute solutions of 4% chlorhexidine versus soap-and-
water bathing or bathing with non-antimicrobial washcloths.

Eight studies reported data for participants who had a hospital-acquired infection during the ICU stay. We are uncertain whether using
chlorhexidine for bathing of critically ill people reduces the rate of hospital-acquired infection, because the certainty of the evidence is
very low (rate difference 1.70, 95% confidence interval (Cl) 0.12 to 3.29; 21,924 participants). Six studies reported mortality (in hospital, in
the ICU, and at 48 hours). We cannot be sure whether using chlorhexidine for bathing of critically-ill people reduces mortality, because the
certainty of the evidence is very low (odds ratio 0.87, 95% CI 0.76 to 0.99; 15,798 participants). Six studies reported length of stay in the
ICU. We noted that individual studies found no evidence of a difference in length of stay; we did not conduct meta-analysis because data
were skewed. It is not clear whether using chlorhexidine for bathing of critically ill people reduced length of stay in the ICU, because the
certainty of the evidence is very low. Seven studies reported skin reactions as an adverse event, and five of these reported skin reactions
which were thought to be attributable to the bathing solution. Data in these studies were reported inconsistently and we were unable to
conduct meta-analysis; we cannot tell whether using chlorhexidine for bathing of critically ill people reduced adverse events, because the
certainty of the evidence is very low.

We used the GRADE approach to downgrade the certainty of the evidence of each outcome to very low. For all outcomes, we downgraded
evidence because of study limitations (most studies had a high risk of performance bias, and we noted high risks of other bias in some
studies). We downgraded evidence due to indirectness, because some participants in studies may have had hospital-acquired infections
before recruitment. We noted that one small study had a large influence on the effect for hospital-acquired infections, and we assessed
decisions made in analysis of some cluster-randomised cross-over studies on the effect for hospital-acquired infections and for mortality;
we downgraded the evidence for these outcomes due to inconsistency. We also downgraded the evidence on length of stay in the ICU,
because of imprecision. Data for adverse events were limited by few events and so we downgraded for imprecision.

Authors' conclusions

Due to the very low-certainty evidence available, it is not clear whether bathing with chlorhexidine reduces hospital-acquired infections,
mortality, or length of stay in the ICU, or whether the use of chlorhexidine results in more skin reactions.

PLAIN LANGUAGE SUMMARY

Bathing critically ill patients with chlorhexidine to prevent hospital-acquired infections
What is the aim of this review?

The aim of this review was to find out whether people who are critically ill in hospital should be bathed with the antiseptic chlorhexidine,
in order to prevent them from developing infections. Researchers from Cochrane collected and analysed all relevant studies to answer
this question and found eight relevant randomised trials. Randomised trials are medical studies where people are chosen at random to
receive different treatments. This study design provides the most reliable evidence on whether treatments have a relationship with desired
or undesired health outcomes.

Key messages

This review assesses whether using chlorhexidine (instead of soap and water) to bathe patients in an intensive care unit (ICU), or a high-
dependency or critical care unit reduces the number of hospital-acquired infections. The evidence available from the studies we analysed
was very low quality, meaning that we cannot be certain whether bathing with chlorhexidine reduces the likelihood of critically-ill patients
developing an infection, or dying. We are also uncertain whether bathing critically ill patients with chlorhexidine shortens the length of
time people spend in hospital, or lowers their risk of developing skin reactions.

What was studied in the review?

People who are critically ill (in an ICU, or a high-dependency or critical care unit) often catch infections during their time in hospital. These
infections can lead to longer hospital stays, additional medical complications, permanent disability or even death. Patients in ICUs are
particularly vulnerable to infections because the body's ability to fight infection is reduced by illness or trauma. Surgical tubes and lines
(for example to help with feeding or breathing) may enable bacteria to enter the body. Chlorhexidine is a low-cost product which is used
as an antiseptic and disinfectant in hospitals.

What are the main results of the review?

In December 2018 we searched for studies looking at the use of chlorhexidine for bathing critically ill patients. We found eight studies
dating from 2005 to 2018, involving a total of 24,472 people across more than 20 ICUs. Seven studies included people who were adults, and
one study included only children. All studies included both males and females. All studies compared bathing with chlorhexidine versus
bathing with soap and water or non-antimicrobial washcloths. Four studies received funding from independent funders (government
organisations, or from hospital or university departments) or reported no external funding, and four studies received funding from
companies that manufactured chlorhexidine products.

Chlorhexidine bathing of the critically ill for the prevention of hospital-acquired infection (Review) 2
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The evidence from all eight studies combined is not sufficient to allow us to be certain whether patients bathed in chlorhexidine are less
likely to catch an infection during their stay in the ICU. We are also uncertain whether patients bathed in chlorhexidine are less likely to
die, because the certainty of the evidence from the six studies that reported on this is very low. We did not pool the evidence from the six
studies that reported how long patients had stayed in the ICU, because the results differed widely. We are also uncertain whether patients
bathed in chlorhexidine are likely to be in the ICU for less time, because the certainty of the evidence is very low. Reports from five studies
provided different evidence about whether chlorhexidine led to more or less skin reactions; we are uncertain whether patients bathed in
chlorhexidine are likely to have more or less skin reactions, because the certainty of the evidence is very low.

Quality of evidence

Most studies did not use methods to conceal the type of bathing solution that staff were using, which increases the risk that staff may
have treated patients differently depending on whether patients were in the chlorhexidine study group or the soap-and-water study group.
Participants in some studies may have already caught an infection before the start of the study and we were concerned that this might have
affected our results. We also noticed wide differences in some results, and some outcomes had few reported events. These were reasons
to judge the quality of the evidence to be very low.

How up to date is this review?

We searched for studies that had been published up to December 2018.

Chlorhexidine bathing of the critically ill for the prevention of hospital-acquired infection (Review) 3
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SUMMARY OF FINDINGS

Summary of findings for the main comparison. Bathing of the critically ill with chlorhexidine versus bathing with soap and water or non-
antimicrobial washcloths for the prevention of hospital acquired infections

Bathing of the critically ill with chlorhexidine versus bathing with soap and water or non-antimicrobial washcloths for the prevention of hospital acquired infec-

tions

Population: people who are critically ill
Settings: ICUs in France, Italy, Thailand, and USA,; studies included single-centre or multicentre settings
Intervention: bathing with a solution of chlorhexidine versus bathing with a solution of soap and water or non-antimicrobial washcloths

Outcomes Illustrative comparative risks* (95% Cl) Relative ef- Number of Certainty of Comments
fect participants the evidence
Assumed risk with Assumed risk with (95% cl) (studies) (GRADE)
soap and water chlorhexidine bathing
bathing
Hospital-ac- Study population Rate differ- 21,924 DO We are uncertain whether using chlorhexidine
quired infec- ence 1.70 (8 studies) Very lowd for bathing of critically-ill people reduced the
tions 9.5 infections per 1000 7.8 infections per 1000 (0.12t0 3.29) rate of hospital-acquired infection.
patient days patient days (6.2 to 9.4) .
Data collected We used data from cluster-randomised cross-
during ICU stay over studies in which appropriate adjust-
ments were made for study design. We cal-
culated rate difference using generic inverse
variance in order to account for studies that
reported data as number of events or rates.
Mortality Study population OR0.87 15,798 ®O0O We are uncertain whether using chlorhexidine
(0.76 t0 0.99) (6 studies) Very lowb for bathing of critically-ill people reduced
Data collected 9.7 deaths per 100 pa- 8.5 deaths per 100 pa- mortality.
(wherereport-  yjants tients (7.6 t0 9.6) ] )
ed) in hospital, We used standard errors imputed using an
in the ICU, and estimated design effect for 2 cluster-ran-
at 48 hours domised cross-over studies. We calculated
OR using generic inverse variance.
Length of stay  Study population Not estimable 18,570 lelelo) We are uncertain whether using chlorhexidine
inthelICU Very low¢ for bathing of critically-ill people reduced
Mokt estimzlsle (6 studies) length of stay in the ICU.

7 days (median)

We did not conduct meta-analysis because
data were skewed. We noted no evidence of
any difference in effect in each study.
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Adverse ef- Of participants bathed with chlorhexidine, 1 study =~ Notestimable 6365 lelelo) We are uncertain whether using chlorhexidine
fects: skin re- reported 5 mild skin reaction, 1 study reported 1 Very lowd for bathing of critically-ill people reduced ad-
actions. Re- mild skin reaction, 1 study reported 12 skin reac- (5 studies) verse events.

ported as at- tions, and 1 study reported 21 skin reactions. Com-

tributable to parative data for the control was not clearly report- We did not combine data due to insufficient
chlorhexidine ed in 2 studies and 1 study reported 23 skin reac- information from study authors or incompa-
orsoap andwa- tions, respectively. In 1 multi-armed study, 6 par- rable data. Two additional studies reported
ter. ticipants in 2 chlorhexidine groups and 6 partici- skin reactions but believed that these were

pants in 2 control groups had skin reactions not attributable to the bathing solution.

Data collected
during ICU stay

*The basis for the assumed risk is the median control group risk across studies. The corresponding risk (and its 95% Cl) is based on the assumed risk in the comparison
group and the relative effect of the intervention (and its 95% Cl).
Cl: confidence interval; OR: odds ratio; ICU: intensive care unit

GRADE Working Group grades of evidence

High certainty: further research is very unlikely to change our confidence in the estimate of effect.

Moderate certainty: further research is likely to have an important impact on our confidence in the estimate of effect and may change the estimate.
Low certainty: further research is very likely to have an important impact on our confidence in the estimate of effect and is likely to change the estimate.
Very low certainty: we are very uncertain about the estimate.

aDowngraded by three levels: one level for study limitations (high risk of performance bias in most studies, high risks of other bias in individual studies); one level for inconsistency
(sensitivity analysis showed that one small study had a large influence on result, and use of an alternative design effect in one cluster-randomised cross-over study changed the
effect); one level for indirectness (participants in some studies may have had infections before randomisation)

bDowngraded by three levels: one level for study limitations (high risk of performance bias in most studies, high risks of other bias in individual studies); one level forinconsistency
(sensitivity analysis showed that use of an alternative design effect in two cluster-randomised cross-over studies changed the effect); one level for indirectness (participants in
some studies may have had infections before randomisation)

¢ Downgraded by three levels: one level for study limitations (high risk of performance bias in most studies, high risks of other bias in individual studies; one level forimprecision
(visual inspection of data showed skewed data); one level for indirectness (participants in some studies may have had infections before randomisation)

d Downgraded by three levels: one level for study limitations (high risk of performance bias in most studies, high risks of other bias in individual studies); one level for imprecision
(events are very few); one level for indirectness (participants in some studies may have had infections before randomisation)
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BACKGROUND

Description of the condition

Hospital-acquired infection is one of the most frequent types of
adverse event to affect patient care, and can lead not only to
discomfort and increased length of stay in hospital, but also to
permanent disability and even death. The prevalence of such
infections varies internationally, and there are limited data from
low-income countries, where the rates are greater than in high-
income countries. Examples of prevalence include up to 6% of
patients in the UK (Health Protection Agency 2016), and 4% of
patients in the USA (Magill 2014), whilst reports of prevalence in
settings with limited resources vary, for example 5.4% in Mongolia
(Ider 2010), 14.5% in Tunisia (Mahjoub 2015) and 19.1% in Albania
(Faria 2007).

Whilst all people staying in hospital are susceptible to infections,
prevalencein theintensive care unit (ICU) is particularly high. Aone-
day prospective, multi-centre, international study reported 51% of
adult patients were classified as infected, and the rate of infection
increased to more than 70% for people whose ICU stay was seven
days or longer (Vincent 2009). Patients in ICUs are critically ill; they
have suppressed immunity as a result of trauma, injury or blood
loss (ora combination of these), which increases their susceptibility
to infection (Volk 2002). In addition, people who are mechanically-
ventilated in the ICU are at risk due to tracheostomy, reintubation
and the use of multiple central venous catheters (Ibrahim 2001),
where lines and tubes may act as a vector for the transmission of
bacteria and lead to ventilator-associated pneumonia (VAP).

Common pathogens in hospital-acquired infection include
Staphylococcus aureus, Clostridium difficile and Enterococci; and
the overuse of broad spectrum antibiotics has promoted bacteria
which are drug-resistant and difficult to treat (Bereket 2012).
Methicillin-resistant S. aureus (MRSA) causes a range of infections
including abscesses, surgical site infections, gastroenteritis,
pneumonia, urinary tract infections and endocarditis. It is
transmitted by direct contact with an infected person or their
environment (or both), and colonises the skin or nostrils.
Similarly transmitted, vancomycin-resistant Enterococci (VRE) leads
to urinary tract infections, skin/wound infections, and intra-
abdominal infections. C. difficile causes diarrhoea following
administration of antibiotics, and is transmitted through the faecal-
oral route by an infected person or environment (Kelly 2012).

In 2009, Vincent and colleagues reported the most common
sites of infection in the ICU as the respiratory tract, abdominal,
bloodstream and renal/urinary tract, with respiratory tract
infections representing 63.5% of these (Vincent 2009). Healthcare
packages and guidelines are now being established to reduce
hospital-acquired infections and subsequent morbidity and
mortality rates, for example, a 'central line bundle' of care is being
used to try to reduce central line-associated bloodstream infections
(CLABSI), which includes interventions such as education
programmes for personnel, hand hygiene and daily review of the
need for catheters (Sacks 2014).

Description of the intervention

Chlorhexidine is a biocide on the World Health Organization's
List of Essential Medicines (WHO 2017). It has a broad spectrum
of action, destabilising the cell walls of gram positive and gram

negative bacteria and fungi (Puig Silla 2008; WHO 2011). It can
kill most bacteria within 30 seconds of contact (Genuit 2001). In
binding to proteins in human tissue, such as skin and mucous
membranes, chlorhexidine can also have a slow-release action,
with prolonged activity up to 48 hours after the initial application
(Hibbard 2005), and this residual antibacterial activity suggests that
organisms that come into contact after chlorhexidine use may not
be able to grow (Wade 1991). Chlorhexidine is known to be effective
against organisms present in hospital-acquired infections including
S. aureus and Enterococcus (McDonnell 1999).

Chlorhexidine is widely used as a disinfectant and antiseptic
in applications such as oral hygiene mouthwashes, hand
disinfectants, wound cleansers and preoperative skin preparation
(McDonnell 1999). Concentrations range from 0.004% to 4%, in
alcohol or aqueous pharmaceutical solution, and it is available in
these different dose forms as gels, lotions, solutions, and liquids,
and in pads, dressings and sponges.

Chlorhexidine is a low-cost product. Cochrane systematic reviews
have demonstrated that it is effective in particular situations, for
example in the reduction of neonatal mortality when used for skin
and umbilical cord care in the community setting (Sinha 2015), and
in the reduction in rates of ventilator-acquired pneumonia when
used in dental hygiene care of people in the ICU (Shi 2013).

How the intervention might work

People in ICUs are subject to increased invasive monitoring by
healthcare personnel. They may be mechanically-ventilated, have
central venous catheters, arterial lines, intravenous catheters,
urinary catheters and/or chest tubes, as well as having wounds
(both surgical and trauma). All these factors increase the risk
of transmission of infection in people who also have reduced
immunity (Inweregbu 2005).

Using an antibacterial solution that disinfects the whole skin area
during bathing of part or all of the body, may quickly begin to
kill existing bacteria. However, chlorhexidine may also form a
'protective coating' to further reduce the risk of hospital-acquired
infections, such as VAP, CLABSI, catheter-related blood stream
infections (CRBSI) and catheter-associated urinary tract infection
(CAUTI) in this high-risk population.

Although chlorhexidine is known to be a low-risk skin irritant, the
risk of irritation, such as contact dermatitis, may differ between
chlorhexidine products with differing concentrations (Calogiuri
2013; McDonnell 1999).

Why it is important to do this review

Hospital-acquired infections are estimated to lead to 37,000 deaths
in Europe, with additional financial burdens (for example through
prolonged hospital stay) of EUR 7 billion a year, and up to 99,000
annual deaths in the USA and costs of USD 6.5 billion (WHO 2011).

Morbidity and mortality related to such infections is preventable.
People in the ICU are inevitably at high risk, and establishing
strategies to reduce rates of infection (in this case, establishing
the effectiveness of bathing with a suitable solution) would be
beneficial to healthcare systems worldwide, improving outcomes
for people who stay in hospital and reducing the length of hospital
and ICU stay.
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As yet, there are no reports of chlorhexidine-resistant bacteria.
However, chlorhexidine is a widely used product and there are
reports of reduced susceptibility of MRSA to chlorhexidine (Horner
2012).

It is important to assess the potential benefits and harms of
chlorhexidine for bathing people who stay in the ICU.

OBJECTIVES

To assess the effects of chlorhexidine bathing on the number of
hospital-acquired infections in people who are critically ill.

METHODS

Criteria for considering studies for this review
Types of studies

We included randomised controlled trials (RCTs). We included both
parallel and cross-over designs, as well as cluster and non-cluster
designs. We only included cross-over designs if data was available
for the participants or clusters randomised to the initial treatment

group.
Types of participants

We included adult and child participants with any condition that
required admission to the intensive care unit (ICU). We included
admission to high-dependency or critical care units or other
hospital wards specifically designed to cater for people who are
critically ill. We did not include studies of neonates.

We had intended to exclude studies in which participants
were diagnosed with a hospital-acquired infection prior to
randomisation, but we found that this was not clearly reported in
studies. We therefore noted how this was reported in each included
study and considered it during the 'Risk of bias' assessment. See
Differences between protocol and review.

Types of interventions

We included studies that compared bathing with a solution of
chlorhexidine by any means (e.g. impregnated washcloths or
chlorhexidine gel) to bathing using an alternative solution (e.g.
soap and water) or no bathing. We defined bathing as the
washing of all body areas either at the bedside (e.g. wipe with an
impregnated cloth) or in a bath or shower; we excluded studies
in which only one body area was washed with a solution of
chlorhexidine. We included studies of bathing interventions at
different frequencies, for example daily washing or weekly washing.

Types of outcome measures

Our primary interest was whether bathing with chlorhexidine
reduced the risk of any hospital-acquired infection and we
therefore recorded the number of participants who acquired an
infection since the introduction of the intervention. We included
data that were collected from appropriate clinical evaluation of
symptoms, or physical signs of infection, or laboratory test results.
We collected mortality data from any cause. We collected data
for the length of stay in the ICU as number of days. We recorded
the number of participants who had any reaction that may be
attributable to the intervention or comparison (to include known
adverse effects such as skin irritation, rash, contact dermatitis,

redness, blistering, swelling of face, hands or feet, or difficulty
breathing).

Primary outcomes

1. Hospital-acquired infections, including bloodstream
infections; central-line associated bloodstream infections;
ventilator-associated pneumonia; catheter-associated urinary
tract infections; multidrug-resistant organisms (MDROs),
e.g. Methicillin-resistant ~ Staphylococcus aureus (MRSA),
vancomycin-resistant Enterococci (VRE).

Secondary outcomes

1. Mortality.
2. Length of stay in the ICU.

3. Adverse effects, including skin irritation, or responses such as
swelling of face, hands or feet, or breathing difficulties (as
defined by the study authors).

Search methods for identification of studies
Electronic searches

We searched the following electronic databases to identify reports
of RCTs:

« The Cochrane Wounds Specialised Register (searched 10
December 2018);

« The Cochrane Central Register of Controlled Trials (CENTRAL;
2018, Issue 11) in the Cochrane Library (searched 10 December
2018);

« Ovid MEDLINE (1946 to 10 December 2018);
« Ovid Embase (1974 to 10 December 2018);

« EBSCO CINAHL Plus (Cumulative Index to Nursing and Allied
Health Literature; 1937 to 10 December 2018).

The search strategies for the Cochrane Wounds Specialised
Register, CENTRAL, Ovid MEDLINE, Ovid Embase and EBSCO
CINAHL Plus can be found in Appendix 1. We combined the
Ovid MEDLINE search with the Cochrane Highly Sensitive Search
Strategy for identifying randomised trials in MEDLINE: sensitivity-
and precision-maximising version (2008 revision) (Lefebvre 2011).
We combined the Embase search with the Ovid Embase filter
terms developed by the UK Cochrane Centre (Lefebvre 2011). We
combined the CINAHL Plus searches with the trial filters developed
by the Scottish Intercollegiate Guidelines Network (SIGN 2018).
There were no restrictions with respect to language, date of
publication or study setting.

We also searched the following clinical trial registries:

« ClinicalTrials.gov  (www.ClinicalTrials.gov/) (searched 10

December 2018)(Appendix 2);

« World Health Organization (WHO) International Clinical Trials
Registry Platform (www.who.int/ictrp/search/en/) (searched 10
December 2018)(Appendix 3).

Searching other resources

We carried out backward citation searching of key reviews
identified from the searches. We carried out forward citation
searching of included studies.

Chlorhexidine bathing of the critically ill for the prevention of hospital-acquired infection (Review) 7
Copyright © 2020 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.


http://www.ClinicalTrials.gov/
http://www.who.int/ictrp/search/en/

Trusted evidence.
Informed decisions.
Better health.

= 3 Cochrane
st g Library

Cochrane Database of Systematic Reviews

We also carried out grey
'Opengrey' (www.opengrey.eu/).

literature searching through

Data collection and analysis

We carried out data collection and analysis according to the
methods stated in the published protocol (Lewis 2016), which
were based on the Cochrane Handbook for Systematic Reviews of
Interventions (Higgins 2011).

Two review authors (Sharon Lewis (SL) and Oliver Schofield-
Robinson (OSR)) independently carried out allinitial data collection
and analysis, before comparing results and reaching consensus.
A third author was available to resolve conflicts if required. An
additional author (Sarah Rhodes (SR)) was introduced after data
extraction to help incorporate cluster-randomised cross-over trials
into the analysis.

Selection of studies

We used reference management software to collate the results of
the searches and to remove duplicates (Endnote 2011).

Two review authors (SL and OSR) used Covidence 2017 software
to screen the results of the search from the titles and abstracts
and identify any potentially relevant studies from this information
alone. Two review authors (SL and OSR) sourced the full texts of
all those potentially relevant studies and considered whether they
met the inclusion criteria (see Criteria for considering studies for
this review). We planned to include abstracts at this stage if they
contained sufficient information and relevant results that included
denominator figures for each intervention/comparison group.

We recorded the number of papers retrieved at each stage and
reported this using a PRISMA flow chart (Liberati 2009). We
collected brief details of closely related but excluded papers.

Data extraction and management

Two review authors (SL and OSR) used Covidence 2017 to
extract data from individual studies. We extracted the following
information.

1. Methods: type of study design; setting; dates of study; funding
sources.

2. Participants: number of participants randomised to each
group; baseline characteristics (including Acute Physiology and
Chronic Health Evaluation Il (APACHE Il) scores).

3. Interventions: details of intervention and comparison, including
concentration of chlorhexidine.

4. Outcomes: review outcomes measured and reported by study
authors.

5. Outcome data: results of outcome measures.

We considered the applicability of information from individual
studies and generalisability of the data to our intended study
population (i.e. the potential for indirectness in our review).

There were multiple publications of some studies. In this case, we
created a composite data set from all the eligible publications.

Assessment of risk of bias in included studies

We assessed study quality, study limitations and the extent of
potential bias using the Cochrane 'Risk of bias' tool (Higgins 2017).
See Appendix 4. We considered the following domains.

1. Sequence generation (selection bias);
2. Allocation concealment (selection bias);

3. Blinding of participants, personnel and outcome assessors
(performance and detection bias);

4. Incomplete outcome data (attrition bias);
5. Selective outcome reporting (reporting bias);

6. Other potential risks of bias: use of concomitant methods to
reduce infection.

We anticipated that there would be a risk of performance bias in
the methodology of the studies included in this review, and we
noted any methods used by study authors to minimise this risk. We
expected that robust study methodology would include blinding
of outcome assessors as some outcomes could be measured at a
later stage and by personnel not involved with the bathing routine.
We anticipated that different hospital units were likely to follow
different practices for infection prevention and control in addition
to bathing, e.g. use of antiseptic or antibiotic-coated catheters.
We collected available data of any additional infection prevention
strategies and noted whether these were likely to be equivalent
between groups.

For cluster-randomised cross-over study designs, we referred to
particular guidance on assessing risk of bias in cluster-randomised
studies and in cross-over studies (Higgins 2011) (see Appendix
5). In particular, we assessed: recruitment bias; loss of clusters;
baseline imbalances between clusters; and whether analysis was
appropriate for the cluster design.

For each domain, we judged whether study authors had made
sufficient attempts to reduce bias. We made our judgements using
one of three measures (low risk, high risk, unclear). We recorded
this in 'Risk of bias' tables and present a summary 'Risk of bias'
figures.

Measures of treatment effect

We recorded the number of hospital-acquired infections as rate
differences; this was a change from the original protocol (see
Differences between protocol and review). Mortality was recorded
as dichotomous data in order to calculate odds ratios (OR), and we
reported the number of adverse events as dichotomous data.

We recorded length of stay as continuous data.

Unit of analysis issues

We identified one study which had a 2x2 factorial design (Camus
2005). Only one arm included chlorhexidine and we selected this
intervention arm (which also included mupirocin as a treatment
agent) and compared it to the group with no active agent. We did
notinclude any multi-armed studies comparing more than one type
of chlorhexidine bathing.

In this review, we encountered studies that were randomised by
cluster and also included a cross-over design. For studies that
used analysis methods to take account of both the clustering effect
and the cross-over design, we extracted appropriately adjusted
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standard errors (SEs) for meta-analysis using the generic inverse-
variance method. For studies in which appropriate adjusted SEs
were not reported, we applied appropriate adjustment using an
estimate of the design effect for each study (Higgins 2011).

The standard formulae to calculate the design effect of cluster-
randomised studies only takes into account the effect of clustering
(which we would expect to increase the SE), but not the effect
of the cross-over design (which we would expect to reduce the
SE) (Higgins 2011). We aimed to estimate the square root of
the design effect for cluster-randomised cross-over studies as
(unadjusted SE)/(adjusted SE) when we could obtain crude SEs
and SEs that adjusted for clustering and cross-over design. This
estimation method assumes that the design effect is consistent
across each outcome in the same study; therefore, when this
estimation method was used, we interpreted the results with
caution.

Please see Differences between protocol and review for details of
changes to this section.

Dealing with missing data

We contacted study authors to clarify missing data. We used
available reported data if necessary, rather than imputing values.

Assessment of heterogeneity

We assessed whether there was evidence of inconsistency
within our results through consideration of heterogeneity. We
assessed clinical heterogeneity by comparing similarities between
the participants, interventions and outcomes in the included
studies. We assessed statistical heterogeneity by calculation of
the Chi2 (with an associated P value) or 12 measure (with
an associated percentage). We used the following values as
a guide to interpretation: 12 at 0% to 40% is not considered
important, 30% to 60% suggests moderate heterogeneity, 50%
to 90% suggests substantial heterogeneity, and 75% to 100%
represents considerable heterogeneity (Higgins 2011). When
assessing heterogeneity, we also considered the point estimates
and the overlap of confidence intervals (Cls). If the Cls overlapped
then we considered the results to be more consistent. However,
it is possible for combined studies to show a large consistent
effect but with significant heterogeneity. We therefore interpreted
heterogeneity with caution (Guyatt 2011b).

Assessment of reporting biases

We attempted to source published protocols for each of our
included studies using clinical trial registers. We compared
published protocols with published study results, to assess the risk
of selective reporting bias.

We did not have sufficient studies, i.e. more than 10 (Sterne 2017),
to generate a funnel plot to assess the risk of publication bias in the
review. An asymmetric funnel plot may indicate the publication of
only positive results (Egger 1997).

Data synthesis

We completed meta-analysis for outcomes where comparable
effect measures were available from more than one study, and
where measures of heterogeneity indicated that pooling of results
was appropriate.

For hospital-acquired infections, we analysed rate differences
by entering the rate difference and the associated SE into the
generic inverse variance function in Review Manager 2014. This
method accounted for the inclusion of cluster-randomised cross-
over studies. For mortality, we used generic inverse variance to
calculate the log OR, which also accounted for the inclusion of
cluster-randomised cross-over studies. We used a random-effects
model in all analyses to account for the anticipated differences in
illness severity or participant conditions. For length of stay in the
ICU we planned to use mean difference, and for adverse events
we planned to use the OR. See Differences between protocol and
review.

We calculated Cls at 95% and used a P value of 0.05 or less to judge
whether a result was statistically significant.

We considered whether there was imprecision in the results of
analyses by assessing the Cl around an effects measure; a wide Cl
would suggest a higher level of imprecision in the results. A small
number of studies may also reduce the precision (Guyatt 2011a).

Subgroup analysis and investigation of heterogeneity

We did notidentify sufficient studies to explore differences between
them using subgroup analysis. If there had been more than 10
studies (Deeks 2017), we would have conducted subgroup analyses
for the following:

1. illness severity (e.g. based on APACHE Il scores);
2. age of participants (e.g. infants, adults, older adults);

3. invasive device use (e.g. intravascular devices, mechanical
ventilation, feeding lines).

Sensitivity analysis

We explored the potential effects of decisions made as part of the
review process as follows:

1. we excluded all studies that we judged to be at high or unclear
risk of selection bias;

2. we excluded studies in which participant outcome data were
missing, for which we used available reported data;

3. we conducted meta-analysis using the alternate meta-analytic
effects model (fixed-effect versus random-effects).

We compared effect estimates from the analysis of our primary
outcome with effect estimates calculated during the above
sensitivity analyses. We reported differences that altered our
interpretation of the effect.

In addition to planned sensitivity analyses, we considered the
effect of including cluster-randomised cross-over study designs
in the review. We imputed more conservative SEs using standard
adjustment for clustering, but ignored the effect of the cross-over
design. See Differences between protocol and review.

'Summary of findings' tables

The GRADE approach incorporates assessment of indirectness,
study limitations, inconsistency, publication bias and imprecision
(GRADE 2013). We used the assessments made during our
analysis to inform the GRADE process (see Data extraction and
management, Assessment of risk of bias in included studies,
Assessment of heterogeneity, Assessment of reporting biases
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and Data synthesis, respectively). This approach gives an overall
measure of how confident we can be that our estimate of effect is
correct (Guyatt 2008).

We used the principles of the GRADE system to give an overall
assessment of the evidence relating to each of the following
outcomes:

hospital-acquired infections;
mortality;

length of stay;

adverse event: skin irritation.

W

Two authors (SL and OSR) independently used the GRADEpro
Guideline Development Tool software to create a 'Summary
of findings' table (GRADEpro 2015). We assessed the evidence
for limitations, inconsistency, indirectness, publication bias and
imprecision using the following ratings of certainty: high;
moderate; low and very low. We reached consensus and resolved
disagreements through informal discussion, with a third review
author available if further consultation had been required.

RESULTS

Description of studies
Results of the search

We screened 532 titles and abstracts from database searches, and
sourced the full text of 56 potentially eligible studies. Of these, we
identified 12 records of 8 studies that were eligible for inclusion in
our review. There were multiple publications of some studies and
we combined these into eight unique studies.

We identified ten reviews from the database searches (Afonso
2013; Afonso 2016; Chen 2015; Choi 2015; Derde 2012; Frost 2016;
Huang 2016; Kim 2016; O'Horo 2012; Shah 2016). We carried out
backward citation searching on these and did not identify any
additional studies for inclusion. We carried out forward citation
tracking on our eight included studies using Google Scholar and
Web of Science, and identified no additional studies eligible for
inclusion.

We also carried out searches of clinical trial registers and identified
clinical trial reports for seven of our included studies. From this
search, we found one completed study without published results,
and two ongoing studies. We carried out a grey literature search and
found no studies that matched our criteria. See Figure 1.
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Figure 1. Flow diagram

Clinical trial register 571 records from
searches databases: MEDLINE,
Embase, CENTRAL, CINAHL

1

532 records screened after
duplicates removed

L
56 records for full-text

466 records excluded

+ 10 reviews identified for
backward citation tracking:
no new studies identified

41 studies (44 records)
excluded:

32 x wrong study designs
1 x relevant comparison
groups, but not RCT

2 x infants/neonates

2 x intervention not general
bathing

2 (5 records) x focus of
randomisation not
chlorhexidine bathing

2 x chlorhexidine bathing
not compared to soap and

review

L

12 records of 8 eligible
studies

L

!

8 included studies for
guantitative analysis

+ 6 trial registration reports
of included studies

+ 1 study awaiting

rlaceifiratinm

™ water

Forward citation searches: 2
associated references
identified (1 was a recently
published primary text of an
included abstract): no new

‘8 included studies _ |studies identified

Chlorhexidine bathing of the critically ill for the prevention of hospital-acquired infection (Review)
Copyright © 2020 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

11



Trusted evidence.
Informed decisions.
Better health.

= § Cochrane
é) Library

Cochrane Database of Systematic Reviews

Figure 1. (Continued)
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Included studies

See Characteristics of included studies.

Types of studies

We included eight studies (Bleasdale 2007; Boonyasiri 2016; Camus
2005; Climo 2013; Milstone 2013; Noto 2015; Pallotto 2018; Swan
2016). Four studies were randomised controlled trials (RCTs) and
included 1537 individually randomised participants (Boonyasiri
2016; Camus 2005; Pallotto 2018; Swan 2016); four studies were
cluster-randomised cross-over studies with the ICU as the unit
of randomisation, and they included 23 randomised ICUs with
22,935 participants (Bleasdale 2007; Climo 2013; Milstone 2013;
Noto 2015).

Types of participants and setting

Four studies were conducted within a single centre (Bleasdale 2007;
Noto 2015; Pallotto 2018; Swan 2016), and four were conducted
in multiple centres (Boonyasiri 2016; Camus 2005; Climo 2013;
Milstone 2013). The ICUs in which the studies were conducted
were general, medical, surgical, trauma, neurological, cardiac care,
and respiratory care. All studies included adult participants except
Milstone 2013, which included only paediatric participants.

Five studies did not report whether any participants had a hospital-
acquired infection at enrolment (Bleasdale 2007; Climo 2013;
Milstone 2013; Noto 2015; Pallotto 2018). Two studies reported that
some participants had infections prior to randomisation (Camus
2005; Swan 2016); we have reported the number of infections
with the respective study baseline characteristics (Characteristics
of included studies) One study did not report hospital-acquired
infections at baseline but reported multi-drug-resistant bacteria
colonisation, which was balanced between groups (Boonyasiri
2016).

Types of interventions and comparisons

Five studies compared daily bathing using 2% chlorhexidine-
impregnated washcloths, with daily or twice daily soap-and-water
bathing or bathing with non-antimicrobial washcloths (Bleasdale
2007; Boonyasiri 2016; Climo 2013; Milstone 2013; Noto 2015).
One study compared alternate-day bathing using washcloths
submerged in a solution of 4% chlorhexidine, diluted with warm
water to 2%, with soap-and-water bathing or bathing with
washcloths (Swan 2016). One study compared once-daily bathing
with 4% chlorhexidine using washcloths followed by water rinsing
(Pallotto 2018). Another study used 4% chlorhexidine at a 12-
hourly rate, compared with liquid soap; there were no further
details of dilution or bathing methods in this study (Camus
2005). Camus and colleagues employed a 2 x 2 factorial design
in which chlorhexidine was combined with mupirocin to form
one intervention, which was compared with another intervention
group (polymyxin and tobramycin) and two control groups (Camus
2005); we included data for the chlorhexidine and mupirocin
group, compared to a control group that did not have any active

intervention. Impregnated washcloths were pre-manufactured by
pharmaceutical companies in four studies (Bleasdale 2007; Climo
2013; Milstone 2013; Noto 2015) and prepared by the hospital
pharmacy in one study (Boonyasiri 2016); this information was not
reported in one study (Pallotto 2018).

Outcomes

We collected data for hospital-acquired infections from eight
studies (Bleasdale 2007; Boonyasiri 2016; Camus 2005; Climo 2013,;
Milstone 2013 Noto 2015; Pallotto 2018; Swan 2016). Six studies
reported mortality data (Boonyasiri 2016; Camus 2005; Milstone
2013; Noto 2015; Pallotto 2018; Swan 2016), and six studies reported
the length of stay in ICU (Boonyasiri 2016; Camus 2005; Climo
2013; Noto 2015; Pallotto 2018; Swan 2016). Adverse effects of
skin irritation were reported in seven studies (Bleasdale 2007,
Boonyasiri 2016; Camus 2005; Climo 2013; Milstone 2013; Pallotto
2018; Swan 2016). Other adverse effects were not reported.

Funding sources

Three studies received institutional funding (Boonyasiri 2016; Noto
2015; Swan 2016) and one study reported that no external funding
was received (Pallotto 2018); and four studies reported full or
partial funding from companies which manufacture chlorhexidine
products (Bleasdale 2007; Camus 2005; Milstone 2013; Noto 2015).

Excluded studies

We excluded 41 (44 reports) studies at the stage of full-text review
(see Figure 1). We excluded 32 studies (with 32 reports) that were
the wrong study design (i.e. editorials, letters/comments, reviews,
and study designs that were not RCTs. See Appendix 6). We did
not report details of these 32 studies in the review. In addition,
we excluded nine RCTs (with 12 reports) and we report details of
these key studiesin Characteristics of excluded studies. Two studies
had used chlorhexidine bathing with newborn infants and we
believed that these were not comparable with studies of a general
ICU population (Cunha 2008; Sankar 2009). One study randomised
participants specifically for bathing of the perineal area to prevent
catheter-associated urinary tract infections (CAUTIs), and was
not comparable with studies of general bathing (Choi 2012).
One study compared solutions used to cleanse the periurethral
area prior to urinary catheter placement (Duzkaya 2017). One
study randomised participants to receive screening for Methicillin-
resistant Staphylococcus aureus (MRSA) and only administered
chlorhexidine bathing to those within the intervention group who
were MRSA-positive (Camus 2011). We excluded one study which
was both an interrupted-time series and an RCT, however the focus
of randomisation was on screening, rather than chlorhexidine use
(Derde 2014); we identified two associated conference abstract
references for this study. One RCT included a relevant intervention
group of chlorhexidine bathing, however the comparison was
screening, isolation and decolonization strategies, not soap-and-
water bathing or no bathing (Huang 2013; we identified one
associated reference to this study. Another study compared two
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different methods of chlorhexidine bathing, and did not employ
comparison groups of soap-and-water bathing or no bathing (Dean
2011). One study compared chlorhexidine bathing with soap and
water, in a prospective cross-over study, but it was not randomised
(Lowe 2017). See Characteristics of excluded studies.

Studies awaiting classification

We identified one study that was registered with a clinical
trial register and described as having completed participant
recruitment (ChiCTR-TRC-13004164). We have been unable to
source a report of this study and have contacted the authors to
request information. We are awaiting any relevant information. See
Characteristics of studies awaiting classification.

Ongoing studies

We identified two ongoing studies (IRCT2017030932293N1;
NCT02870062). Both RCTs include use of daily chlorhexidine
bathing with adults in the ICU. The anticipated recruitment
is 80 participants (IRCT2017030932293N1), and 40 participants
(NCT02870062).

Risk of bias in included studies

For a summary of the 'Risk of bias' assessments, see Figure 2 and
Figure 3.

Figure 2. Risk of bias summary: review authors' judgements about each risk of bias item for each included study.
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Figure 3. Risk of bias graph: review authors' judgements about each risk of bias item presented as percentages

across all included studies.

Random sequence generation (selection bias)

Allocation concealment (selection bias)

Blinding of participants and personnel {performance bias)
Blinding of outcome assessment {detection bias)
Incomplete outcome data (attrition bias)

Selective reporting (reporting bias)

Other bias

Recruitment bias (cluster trials only)

Baseline Imbalance (cluster trials only)

Loss of clusters (cluster trials only)

Incorrect analysis (cluster trials only)

0x 25% 50% 75% 100X
[ Low risk of hias [] unclear risk of blas [l High risk of blas
Allocation Swan 2016). Two studies did not provide sufficient detail of whether

All eight included studies were described as randomised trials. We
judged four RCTs to be at low risk of selection bias (Boonyasiri
2016; Camus 2005; Pallotto 2018; Swan 2016): all had reported
adequate methods of randomisation. For the cluster-randomised
cross-over studies, each study used a separate ICU for each cluster,
and randomisation was completed at cluster level. Two studies
reported adequate methods of randomisation; we judged these
studies to have low risk of bias (Milstone 2013; Noto 2015). We could
not be certain of the risk of bias in two studies because methods
were not described (Bleasdale 2007; Climo 2013).

One study reported adequate methods to conceal allocation
(Boonyasiri 2016). Four studies reported no methods to conceal
allocation and we assessed the risk of bias as unclear (Camus
2005; Climo 2013; Noto 2015; Pallotto 2018). Two studies did not
provide adequate information for allocation concealment and we
judged these to also have an unclear risk of bias (Milstone 2013;
Swan 2016). One study had only two clusters; we believed that
allocation concealment was not feasible and the risk of bias was
high (Bleasdale 2007).

Blinding

Blinding of participants and hospital personnel was not undertaken
in seven studies and we judged these to have a high risk of
performance bias (Bleasdale 2007; Boonyasiri 2016; Climo 2013;
Milstone 2013; Noto 2015; Pallotto 2018; Swan 2016). Only one study
described adequate methods to blind both the participants and the
personnel to the intervention (Camus 2005), and we judged this
to have a low risk of performance bias. Six studies reported that
outcome assessors were blinded to group allocation (Bleasdale
2007; Boonyasiri 2016; Milstone 2013; Noto 2015; Pallotto 2018;

outcome assessors were blinded and we judged the detection bias
as representing an unclear risk (Camus 2005; Climo 2013).

Incomplete outcome data

We assessed studies that reported no losses or few losses as
having low risk of attrition bias (Bleasdale 2007; Camus 2005; Noto
2015; Pallotto 2018; Swan 2016). One study had a large number
of losses in one group because of lack of consent; study authors
used an intention-to-treat (ITT) analysis and reported that this was
comparable to a per-protocol analysis(Milstone 2013); we assessed
this study as having unclear risk of attrition bias. We noted a large
of number of losses in Boonyasiri 2016, which may have influenced
the results of this study. In Climo 2013, study authors reported no
losses and had used an ITT analysis but we noted discrepancies in
the reported number of randomised participants. We judged two
studies to have a high risk of attrition bias (Boonyasiri 2016; Climo
2013).

Selective reporting

Five studies were prospectively registered with clinical trial
registers (Bleasdale 2007; Boonyasiri 2016; Climo 2013; Milstone
2013; Swan 2016); three of these had reported outcomes in the
final report which matched those in the clinical trial register
documents and we judged these studies to have low risk of
reporting bias (Bleasdale 2007; Boonyasiri 2016; Swan 2016). Two
had inconsistencies between outcomes listed in the clinical trial
register documents and the final report, and we were unclear
if this introduced bias (Climo 2013; Milstone 2013). Two studies
were retrospectively registered with a clinical trial register (Noto
2015; Pallotto 2018), and we were unable to identify clinical trial
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registration for the remaining study (Camus 2005). It was therefore
not feasible to judge any risks of reporting bias for these studies.

Other potential sources of bias

We identified no additional sources of bias in six studies (Bleasdale
2007; Boonyasiri 2016; Milstone 2013; Noto 2015; Pallotto 2018;
Swan 2016). We noted a lack of wash-out period in Climo 2013,
but we judged that the study investigators had addressed this
risk effectively. We judged the study by Camus and colleagues
to have a high risk of bias because the chlorhexidine group also
included treatment with mupirocin, which was not given to the
participants in the control group (Camus 2005). We also noted that
more participants in the control group in this study had a hospital-
acquired infection prior to randomisation, which introduced a high
risk of bias.

Recruitment bias (cluster trials only)

We judged the risk of recruitment bias to be unclear in three cluster-
randomised cross-over studies (Climo 2013; Milstone 2013; Noto
2015); some or all of the clusters in these studies were within the
same hospital, which could influence recruitment to a particular
ICU according to the current bathing regime. In Bleasdale 2007, the
clusters were geographically separate which reduced this risk of
recruitment bias; we judged this study to be at low risk.

Baseline imbalances (cluster trials only)

Wejudged one study to have low risk of bias because characteristics
were reported, and were comparable, for each cluster (Bleasdale
2007). Three studies did not report baseline characteristics for each
cluster, or we noted some differences between characteristics, and
judged these to have an unclear risk of bias (Climo 2013; Milstone
2013; Noto 2015).

Loss of clusters (cluster trials only)

One study reported a loss of clusters (one unit withdrew, and
two units were withdrawn from analysis by the study investigators
because of low compliance with the protocol), and we judged this
to introduce high risk of bias (Climo 2013).

Incorrect analysis (cluster trials only)

All cluster-randomised cross-over studies used appropriate
analysis to account for the study design, and we judged them to
have a low risk of bias for this domain (Bleasdale 2007; Climo 2013;
Milstone 2013; Noto 2015).

Effects of interventions

See: Summary of findings for the main comparison Bathing of the
critically ill with chlorhexidine versus bathing with soap and water
or non-antimicrobial washcloths for the prevention of hospital
acquired infections

We found data from eight studies, with a total of 24,472
participants, that compared bathing with a solution of
chlorhexidine versus bathing with a solution of soap and water
or non-antimicrobial washcloths. Study authors measured data
for our primary outcome (hospital-acquired infections) and our
secondary outcomes (mortality, and length of stay). We contacted
study authors to provide clarification on missing data, and we
included these data in the analysis where appropriate.

Chlorhexidine bathing versus bathing with soap and water
or non-antimicrobial washcloths (seven studies; 24,023
participants)

Primary outcome: hospital-acquired infections

All studies collected and reported hospital-acquired infections
during the intensive care unit (ICU) stay, and in the analysis we used
data for bloodstream infections (BSI) (Bleasdale 2007; Climo 2013);
hospital-acquired infections (Camus 2005); central line-associated
bloodstream infections (CLABSI) (Milstone 2013); and composite
infections of ventilator-associated pneumonia (VAP), CLABSI, and
catheter-associated urinary tract infection (CAUTI) (Boonyasiri
2016); CLABSI, CAUTI, VAP, and clostridium difficile (Noto 2015);
composite infections of BSI, CLABSI, urinary tract infection (UTI),
CAUTI, and VAP (Pallotto 2018); and CAUTI, VAP, surgical site
infection (SSI) and BSI (Swan 2016). Rates of bacteraemia were also
reported in Milstone 2013; we did not include these data in analysis.

Details of the rate data, event data, and analysis process for this
outcome are included in Appendix 7 and Appendix 8.

Despite a rate difference which indicated fewer hospital-acquired
infections with chlorhexidine use, we are unsure whether using
chlorhexidine for bathing critically ill people reduces hospital-
acquired infections because the certainty of the evidence is very
low (rate difference 1.70, 95% confidence interval (Cl) 0.12 to 3.29;
21, 924 participants). See Analysis 1.1.

We noted that one small study had a large influence on the rate
difference for this outcome (Bleasdale 2007). We explored this in
a sensitivity analysis, and we also explored the effect of using
alternative design effects for one cluster-randomised cross-over
study (Milstone 2013). See 'sensitivity analysis' below. Because
of the results of the sensitivity analysis, we used the GRADE
approach to downgrade the certainty of the evidence by one level
for inconsistency. Most studies had a high risk of performance
bias because personnel were aware of which product they were
using to bathe participants, and we were concerned by other high
risks of bias in individual studies; we downgraded by one level
for study limitations. Participants in some studies may have had
infections before randomisation; we downgraded by one level for
indirectness. See Summary of findings for the main comparison.

Secondary outcome: mortality

Six studies collected and reported data for mortality (Boonyasiri
2016; Camus 2005; Milstone 2013; Noto 2015; Pallotto 2018; Swan
2016). One study had excluded participants who died within 48
hours of randomisation (Boonyasiri 2016); we included these
participants in the mortality data. Time points for data collection
in other studies were: in-hospital mortality (Noto 2015; Swan 2016),
and in-ICU mortality (Camus 2005; Pallotto 2018). The remaining
study did not report a time point for data collection (Milstone 2013).

We analysed data for RCTs and cluster-randomised cross-over
studies with generic inverse variance, and used standard errors
imputed using an estimated design effect for two cluster-
randomised cross-over studies (Milstone 2013; Noto 2015). We
reported event data and details of the analysis process for these
studies in Appendix 9.

It is not clear whether using chlorhexidine for bathing critically ill
people reduces mortality because the certainty of the evidence is
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very low (OR 0.87, 95% CI 0.76 to 0.99; 15,798 participants). See
Analysis 1.2.

In a sensitivity analysis, we explored the effect of analysis decisions
for the inclusion of two cluster-randomised cross-over studies
(Milstone 2013; Noto 2015). Consequently, we believe that the effect
for mortality should be interpreted cautiously, and we used the
GRADE approach to downgrade the certainty of the evidence by one
level for inconsistency. Most studies had a high risk of performance
bias because personnel were aware of which product they were
using to bathe participants, and we were concerned by other high
risks of bias in individual studies; we downgraded by one level
for study limitations. Participants in some studies may have had
infections before randomisation; we downgraded by one level for
indirectness. See Summary of findings for the main comparison.

Secondary outcome: length of stay in the intensive care unit

Six studies collected and reported length of stay in the ICU
(Boonyasiri 2016; Camus 2005; Climo 2013; Noto 2015; Pallotto
2018; Swan 2016).

We noted from visual inspection of the data,that reported ranges,
SDs, and Cls in these studies were skewed; we decided it was not
appropriate to combine data in analysis because of this. Individual
study data are reported in Table 1. We noted no evidence of
any difference in length of stay in the ICU according to whether
participants were bathed with chlorhexidine or soap and water.

It is unclear whether using chlorhexidine for bathing critically ill
people reduces the length of stay in the ICU because the certainty
of the evidence is very low.

We used the GRADE approach to downgrade the evidence by
one level for imprecision because of skewed data reported by
study authors. Most studies had a high risk of performance bias
because personnel were aware of which product they were using
to bathe participants, and we were concerned by other high
risks of bias in individual studies: we downgraded by one level
for study limitations. Participants in some studies may have had
infections before randomisation; we downgraded by one level for
indirectness. See Summary of findings for the main comparison.

Secondary outcome: adverse effects

Seven studies reported participants who had skin irritation
(Bleasdale 2007; Boonyasiri 2016; Camus 2005; Climo 2013;
Milstone 2013; Pallotto 2018; Swan 2016). Two studies reported
adverse events of skin irritation but perceived these as not
attributable to bathing (Bleasdale 2007; Climo 2013); we have
reported these data in Characteristics of included studies.

It was not possible to combine data in meta-analysis for the
remaining four studies. One study reported five participants with a
mild skin reaction attributable to chlorhexidine (Boonyasiri 2016),
but did not report whether data were collected for the control
group. Another study reported 12 participants with a skin reaction
attributable to chlorhexidine (Milstone 2013); skin reactions for
the control group in this study were not reported according to
whether they were attributable to the control. In Pallotto 2018, one
participant who was bathed with chlorhexidine had a mild skin
reaction and chlorhexidine was discontinued in this participant.

In Camus 2005, six participants in the control group had a skin
reaction and six participants who had used chlorhexidine had a skin
reaction. However, study authors had not reported how many of
these were in the chlorhexidine with mupirocin group, which we
had used as the intervention in the review. In Swan 2016, there
were 21 participants who were bathed with chlorhexidine, and 23
participants in the control group, who had skin reactions that were
perceived as possibly or probably related to bathing.

We used the GRADE approach to downgrade the certainty of
evidence for adverse events to very low. We downgraded by one
level for study limitations; we judged some studies to have a high
risk of performance bias, and some studies had high risks of other
bias. Participants in some studies may have had infections before
randomisation; we downgraded by one level for indirectness. We
found few adverse events and we downgraded by one level for
imprecision. See Summary of findings for the main comparison.

Sensitivity analysis
1. Risk of bias

We assessed five of the eight studies included in our primary
outcome to have unclear or high risk of selection bias (Bleasdale
2007; Camus 2005; Climo 2013; Milstone 2013; Noto 2015).

Hospital-acquired infection

Analysis using only the remaining three parallel design studies
showed little or no difference in infections according to bathing
regime (rate difference 5.12, 95% Cl -3.83 to 14.06).

Mortality

Analysis using only the remaining three parallel design studies did
not alter interpretation of the effect.

2. Missing outcome data

All study authors reported losses and provided reasons. Four
studies had reported the data as intention-to-treat and we had used
these datain our meta-analyses (Camus 2005; Climo 2013; Milstone
2013; Noto 2015). The remaining studies had reported data only for
those who were not lost during follow-up and we removed these
studies from each of our meta-analyses. This did not alter direction
or interpretation of the results.

3. Effects model for meta-analysis

When all available studies were included in the primary analysis,
the conclusions remained the same regardless of whether a fixed-
effect or random-effects model was used in meta-analysis.

4. Study design
Hospital-acquired infection

We included one cluster-randomised cross-over trial with only
two clusters in the primary analysis (Bleasdale 2007). In our
sensitivity analysis, we removed this study and found that the
rate difference was reduced to indicate little or no difference in
infections according to bathing regime (rate difference 1.26, 95% Cl
-21t02.72).

Weincluded one study in which we imputed a SE using an estimated
design effect (Milstone 2013). In our sensitivity analysis, we re-
analysed the data by imputing an extremely conservative design
effect of 5.06 (obtained by ignoring the cross-over effect and using
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the formula DE=1+(M-1) ICCwith ICC=0.05and M =495, where DE
= design effect, M = mean cluster size, ICC = intracluster correlation
coefficient). We found that the rate difference was reduced in the
sensitivity analysis, to indicate little or no difference in infections
according to bathing regime when an extremely conservative
design effect was used (rate difference 1.97, 95% CI -0.06 to 4.00).

Mortality

We included two cluster-randomised cross-over studies and used
SE imputed using an estimated design effect (Milstone 2013; Noto
2015). In the sensitivity analysis, we re-analysed the data by
imputing an extremely conservative design effect. We found little or
no difference in mortality between different bathing regimes when
extreme conservative design effects were used (OR 0.87,95% C10.69
to 1.20).

DISCUSSION

Summary of main results

We identified eight studies: four randomised controlled trials
(RCTs), which included 1537 randomised participants; and
four cluster-randomised cross-over studies, which included 23
randomised intensive care units (ICUs) with a total of 22,935
participants. We identified one study awaiting classification, which
was listed as completed in a clinical trial register but was not
published.

Eight studies reported data for participants who had a hospital-
acquired infection during their stay in the intensive care unit
(ICU). Although the effect estimate showed fewer hospital-acquired
infections with chlorhexidine bathing of critically ill people, the
certainty of the evidence is very low. Six studies reported mortality
(in hospital, in the ICU, and at 48 hours). Although the effect
estimate showed reduced mortality with chlorhexidine bathing of
critically ill people, the certainty of the evidence is very low. Six
studies reported length of stay in the ICU. We noted that individual
studies found no evidence of a difference in length of stay, and we
did not conduct meta-analysis because data were skewed. We are
uncertain whether using chlorhexidine for bathing of critically ill
people reduced length of stay in the ICU because the certainty of
the evidenceisvery low. Seven studies reported skin reactionsas an
adverse event, and five of these reported skin reactions which were
thought to be attributable to the bathing solution. In these studies,
data for skin irritation were reported inconsistently and we were
unable to conduct meta-analysis; we are uncertain whether using
chlorhexidine for bathing of critically ill people reduced adverse
events, because the certainty of the evidence is very low. No other
adverse events were reported in studies.

Overall completeness and applicability of evidence

We conducted a thorough search, including forward citation
tracking of included studies, backward citation tracking of relevant
reviews, and searches of grey literature. Included studies all
compared chlorhexidine bathing with soap-and-water bathing or
bathing with non-microbial washcloths, and included participants
who were critically ill. We noted that participants in two studies had
hospital-acquired infections before randomisation (Camus 2005;
Swan 2016), and study authors in five studies did not report
whether participants had hospital-acquired infections at baseline
(Bleasdale 2007; Climo 2013; Milstone 2013; Noto 2015; Pallotto
2018). We believe that thisintroduces indirectness, and reduces the

applicability of the evidence for this review. Studies were published
from 2005 to 2018, with five studies based in the USA, onein France,
onein ltaly, and one in Thailand.

Quality of the evidence

We used the GRADE approach to judge the evidence for each
outcome to be of very low quality.

We considered study limitations identified during the 'Risk of bias'
assessment. We noted some inconsistency in reporting between
studies such that it was not possible to effectively judge all domains
for each study. It was feasible to design a study so that personnel
could be masked to the treatment allocation, yet only one study
had effectively blinded personnel to the intervention and control,
leading to a high risk of performance of bias across studies. Six
studies did, however, make an effort to blind outcome assessors.
We noted high participant attrition in some studies. We judged
four studies with a cluster-randomised design to have an unclear
risk of bias; these studies may have had differences at the unit-
level of randomisation (i.e. between randomised ICUs). We noted
differences in one study in which the chlorhexidine group received
an additional treatment. We downgraded our assessment of the
quality of the evidence, due to study limitations.

We noted some inconsistencies between results, and we used
sensitivity analyses to explore this. We found that one small
study had a large influence on the effect for hospital-acquired
infections, and we found that decisions taken when estimating
a design effect for some cluster-randomised cross-over studies
may also have influenced results; therefore, we downgraded the
evidence due to inconsistency. We also noted imprecision in
individual study data for length of stay in the ICU, which were
skewed. We were unable to explore potential differences between
study participants (for example differences in illness severity or
differences between adult and paediatric participants) because
we had insufficient studies to conduct subgroup analysis. Whilst
study participants were mostly applicable to our review question,
we noted some indirectness because participants in some studies
may have had hospital-acquired infections before randomisation.
Because studies reported few adverse events, we downgraded
our assessment of the evidence for this outcome because of
imprecision. We were unable to assess the risk of publication bias
because of lack of available data for this review.

Potential biases in the review process

We included four cluster-randomised cross-over studies in this
review. We believe that this is an appropriate design for the study
of infection practices. However, we did not anticipate this study
design during preparation of the protocol, and so the methods used
to analyse data from these studies were decided post-hoc. We used
data reported by study authors if they were appropriately adjusted
for both the clustering effect and the cross-over design; when we
used estimation methods to calculate a design effect for the cluster
studies, we assessed these decisions in sensitivity analysis.

We also used sensitivity analysis to explore the decisions to use a
random-effects model for meta-analysis, and to use data reported
only for participants who were not lost to follow-up in three of
our included studies, neither of which influenced interpretation
of our results. There were insufficient studies to explore risks of
selection bias in our analyses. We did not attempt to consider other
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factors that may have impacted on our data. The decision of which
treatment and control group to include in one study meant that
participants in the chlorhexidine group for this study were also
treated with mupirocin, which the control group did not receive
(Camus 2005); this may have acted as a confounder for these data,
which we did not explore. We included three studies in which it was
noted that some participants had a hospital-acquired infection and
we did not assess whether this influenced our results, nor did we
explore the impact of two large multi-centre studies on our data
(Milstone 2013; Noto 2015).

We conducted the review according to the protocol, with two
reviewers independently assessing studies for eligibility, extracting
data and carrying out the 'Risk of bias' assessment.

Agreements and disagreements with other studies or
reviews

There have been several systematic reviews that have assessed
the effect of chlorhexidine bathing on the critically ill. Reviews
have previously concluded that chlorhexidine bathing reduces
risk of infection in the ICU (Chen 2015; Choi 2015; Huang
2016; Kim 2016; O'Horo 2012). These reviews have collected
event data for specific infections (bloodstream infections, central
line-associated bloodstream infections, ventilator-associated
pneumonia, Methicillin-resistant Staphylococcus aureus (MRSA)
and vancomycin-resistant Enterococci) rather than a composite
outcome for the number of participants with any hospital-acquired
infection.

Most notably, these systematic reviews include both RCTs and non-
randomised study designs; and one review noted that this effect
was not consistent when non-randomised studies were excluded
from analysis (Chen 2015). A review that had only included RCTs,
did not exclude Huang 2013; this study had a large sample size but
did not compare chlorhexidine with soap and water. It is possible
that the results of our analyses are dependent on our restriction to
RCTs.

AUTHORS' CONCLUSIONS

Implications for practice

Itis not clear whether bathing with chlorhexidine reduces hospital-
acquired infections, mortality or length of stay in the intensive care
unit, or whether chlorhexidine use results in more skin reactions,
because the certainty of the evidence is very low. One study is
awaiting classification and two studies are ongoing; we do not
know if inclusion of these studies in future updates of this Cochrane
Review will increase our certainty in the results of the review.

Implications for research

Additional research is needed to evaluate whether chlorhexidine
bathing may reduce hospital-acquired infections in the intensive
care unit. We recommend that studies are sufficiently powered and
methodologically robust, and that attention is paid to reduce the
risk of performance bias through blinding of personnel. Cluster-
randomised studies and cross-over trials would benefit from
reporting data in more detail, including important parameters
such as the intracluster correlation coefficient and interperiod
correlation. Some consensus on the reporting of hospital-acquired
infection rates, for example through the adoption of a core outcome
set for trials of infection prevention, would also be helpful.
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CHARACTERISTICS OF STUDIES

Characteristics of included studies [ordered by study ID]

Bleasdale 2007

Methods Cluster-randomised cross-over study; single centre
Setting: 2 MICUs, USA
Unit of randomisation: MICU
28-week initial phase followed by alternative bathing routine for 24 weeks
2-week washout period

Participants Total number of randomised participants: 836
Inclusion criteria: all people who attended one of 2 MICUs
Exclusion criteria: not reported
Number of participants with an HAI before randomisation: not reported
Baseline characteristics
Chlorhexidine gluconate (n =391; 3 excluded due to skin rash, but use of ITT, therefore number
analysed = 391)
1. Age, mean (SD): 53 (+ 16) years
2. Gender, M/F: 234/157
3. APACHE Il, mean (SD): 22.4 (+7)
Soap and water (n =445; no losses)
1. Age, mean (SD): 52 (+ 15) years
2. Gender M/F: 266 /179
3. APACHE II, mean (SD): 21.5 (£ 7)

Interventions Chlorhexidine gluconate (2%)
1. Administration: 8 CHG-impregnated washcloths, daily cleaning everywhere except face, cloths

warmed for participant comfort, 2 non-medicated cloths to clean the participants' faces
Soap and water
1. Administration: daily bathing in warm water, with 10 terry cloth washcloths and soap
Concurrent decolonisation strategies: use of sterile catheter insertion policy (without CHG coating), full
barrier drapes and insertion site disinfection with CHG
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Bleasdale 2007 (continued)

Outcomes Number of primary bloodstream infections, culture negative sepsis, laboratory confirmed bloodstream
infections, nosocomial infections
Notes
1. Datareported by number of events, not by number of participants
2. Studyreportalsoincludes number of participants excluded due to skin rash (3 excluded in CHG group)
but determined not be related to CHG, and mortality data
3. HAl assessment: laboratory review of microbiological cultures, CDC definitions
Notes Funding/declarations of interest: funded by Sage Products (manufacturer of intervention) and by the
Centers for Disease Control and Prevention Cooperative Agreement. Funding sources had no role in
study design or conduct, data collection, management and interpretation of results
Study dates: June 2005 to June 2006
Risk of bias
Bias Authors' judgement  Support for judgement
Random sequence genera-  Unclear risk MICU was randomly selected; methods of randomisation were not reported
tion (selection bias)
Allocation concealment High risk Only two units of randomisation, therefore not feasible to conceal allocation
(selection bias)
Blinding of participants High risk Hospital personnel were unblinded to intervention groups
and personnel (perfor-
mance bias)
All outcomes
Blinding of outcome as- Low risk Some outcome assessors were unblinded but consensus was reached with
sessment (detection bias) four investigators and potential bias in the results investigated with computer
All outcomes software
Incomplete outcome data  Low risk Study authors report a loss of three participants due to skin reactions. We in-
(attrition bias) cluded these data in the review for adverse events.
All outcomes
Selective reporting (re- Low risk Prospective clinical trial registration, NCT00130221. Outcomes reported ac-
porting bias) cording to clinical trial register documents
Other bias Low risk Appropriate washout period was used for cross-over design
Recruitment bias (cluster Low risk MICUs were geographically separate
trials only)
Baseline Imbalance (clus- Low risk Baseline characteristics appeared comparable between each cluster
ter trials only)
Loss of clusters (cluster tri-  Low risk No loss of clusters
als only)
Incorrect analysis (cluster ~ Low risk Appropriate analysis was used to account for study design
trials only)
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Boonyasiri 2016

Methods

RCT; multicentre; parallel design

Setting: 4 ICUs (to include MICU, respiratory care unit and cardiac care units), Thailand

Participants

Total number of randomised participants: 481

Inclusion criteria: aged = 18 years with expected stay in MICU > 48 hours, swab samples collected with-
in 48 hours

Exclusion criteria: allergic to chlorhexidine, extensive skin lesions, unable to receive routine bathing

Number of participants with an HAI before randomisation: HAIs not reported but study authors re-
port prevalence of MDR bacterial colonization at enrolment, not broken down by number of participant
but balanced between groups

Baseline characteristics
Chlorhexidine gluconate (n = 240 randomised; 51 losses; number analysed = 189)

1. Age, mean (SD): 63.6 (+ 17.9) years
2. Gender, M/F: 84/105

Soap and water (n =241 randomised; 42 losses; number analysed = 199)

1. Age, mean (SD): 64.0 (+ 17.2) years
2. Gender, M/F:92/107

Interventions

Chlorhexidine gluconate (2%)

1. Administration: once-daily bathing with 6 washcloths used in sequential order, everywhere except
mucous membranes of eyes, ears, mouth. Washcloths made by hospital pharmacy department.
Chlorhexidine procedure re-applied in cases of soiling between bathing

Soap and water
1. Administration: non-antimicrobial soap and water twice daily, moisturisers etc. allowed

Concurrent decolonisation strategies: standard hygiene practices with adherence during study period
reported at 70%

Outcomes Favourable events, target MDR bacteria colonisation-free time, hospital-acquired infections (VAP,
CLABSI, CAUTI), length of ICU stay, length of hospital stay, adverse skin reactions
Notes
1. Study authors reported number of participants who died within 48 hours. These participants were
excluded in the study, but included as mortality data for this review.
2. HAl assessment: swabs sent to infectious diseases laboratory. CDC (NHSN) definitions
Notes Funding/declarations of interest: Health Systems Research and Development Project, Siriraj Hospi-
tal; Health Systems Research Institute; Thai Health Promotion Foundation; International Development
Research Centre
Study dates: December 2013 to January 2015
Notes
1. Exclusions after randomisation due to missing culture data, death within 48 hours, transfer to other
wards
2. Baseline characteristics are reported for those analysed
Risk of bias
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Boonyasiri 2016 (Continued)

Bias Authors' judgement  Support for judgement
Random sequence genera-  Low risk Random sequence was generated by a computer using a block size of 4
tion (selection bias)
Allocation concealment Low risk Use of sequentially numbered, sealed, opaque envelopes
(selection bias)
Blinding of participants High risk Study is described as open-label and study authors do not report methods
and personnel (perfor- used to blind personnel to intervention groups
mance bias)
All outcomes
Blinding of outcome as- Low risk Primary outcome assessed by laboratory workers who were blinded to group
sessment (detection bias) allocation
All outcomes
Incomplete outcome data  High risk Large number of participants not included in analysis
(attrition bias)
All outcomes
Selective reporting (re- Low risk Prospective clinical trial registration (NCT01989416). Limited information in
porting bias) clinical trials register documents. Primary outcome is reported according to
these documents, other outcomes are not included in documents
Other bias Low risk No other sources of bias identified
Camus 2005
Methods RCT; multicentre; parallel design

Setting: 3 MICUs, university-affiliated hospitals, France

Participants

Total number of randomised participants: 257

Inclusion criteria: aged > 18 years, intubated for < 48 hours, likely to require mechanical ventilation for
>48 hours

Exclusion criteria: pregnant women, those with a SAPS Il of > 80, life expectancy of < 48 hours result-

ing from brain death or a palliative treatment, a polymorphonuclear count of <500 cells/mm?, severe

diarrhoea, and anyone who had received either a prior decontamination regimen or was participating
in another ongoing clinical trial

Number of participants with an HAI before randomisation: 31 chlorhexidine gluconate group; 43
soap-and-water group

Baseline characteristics
Chlorhexidine gluconate (n = 130; no losses)

1. Age, median (range): 65 (21 to 86) years
2. Gender, M/F: 86/44
3. GCS median (range): 15 (3 to 15); SAPS Il median (range): 45 (6 to 80)

Soap and water (n=127; 1 loss; number analysed = 126)

1. Age, median (range): 67 (19 to 84) years
2. Gender, M/F: 82/44
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Camus 2005 (continued)

3. GCS median (range): 15 (3 to 15); SAPS Il median (range): 45 (6 to 80)

Interventions

Chlorhexidine gluconate (4%)

1. Administration: 12-hourly body washing with 15 mL CHG 4% solution, no further details. 5-day course
of mupirocin calcium (2%) in anterior nares every 8 hours. Also 1 mL gelatin solution injected into each
nostril every 6 hours, 3 mL applied to oropharyngeal cavity, 5 mL given via gastric tube (note: gelatin
solution is a placebo for an antibiotic treatment arm that is not included in this review)

Soap and water

1. Administration: 12-hourly washing with 15 mL non-antiseptic liquid soap. Petroleum jelly in anterior
nares every 8 hours. Also 1 mL gelatin solution injected into each nostril every 6 hours, 3 mL applied to
oropharyngeal cavity, 5 mL given via gastric tube (note: gelatin solution is a placebo for an antibiotic
treatment arm that is not included in this review)

Concurrent decolonisation strategies: standard hygiene methods and isolation procedures

Outcomes Number of hospital-acquired infections (reported for 1 infection and multiple infections), probability of
freedom from acquired infection, incidence rates of total and device-related infections, ICU mortality
rate, adverse events (to include skin allergy), length of stay in ICU (reported as median and range)
Notes
1. HAl assessment: blood cultures and radiographs. CDC definitions

Notes Funding/declarations of interest: supported in part by the Programme Hospitalier de Recherche Clin-
ique, and GlaxoSmithKline. Some study drugs provided by AstraZeneca
Study dates: April 1996 to October 1998
Notes
1. Study has4 groups which also include assessment of polymyxin and tobramycin. We have only includ-

ed data forthe intervention group (chlorhexidine with mupirocin) and the control group (all placebos).
2. We noted an imbalance in the number of participants with a HAl at enrolment
Risk of bias
Bias Authors' judgement  Support for judgement

Random sequence genera-  Low risk Participants randomised using a computer-generated list.
tion (selection bias)
Allocation concealment Unclear risk No details
(selection bias)
Blinding of participants Low risk Attempts to blind personnel are described: antibiotic placebo (gelatin) was in
and personnel (perfor- an opaque vial supplied by the pharmacy; non-antiseptic liquid soap was dyed
mance bias) and perfumed to mimic appearance of CHG
All outcomes
Blinding of outcome as- Unclear risk No details
sessment (detection bias)
All outcomes
Incomplete outcome data  Low risk Loss of 1 participant, unlikely to affect results
(attrition bias)
All outcomes
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Selective reporting (re- Unclear risk Clinical trial registration or prepublished protocol not reported. Not feasible to
porting bias) judge risk of selective reporting bias
Other bias High risk Intervention group also includes treatment with mupirocin. Control group

does not include mupirocin. This may act as a confounder in the results

Climo 2013

Methods Cluster-randomised cross-over trial; multicentre
Setting: 8 ICUs (medical, surgical, coronary care and cardiac surgery) and 1 bone marrow transplanta-
tion unitin 6 hospitals, USA
Unit of randomisation: ICU
6-month bathing regime followed by alternate bathing regime for 6 months
No washout period. However, any new infections and MDRO acquisitions for 2 days after cross-over
were assigned to the first bathing regime

Participants Total number of randomised participants: inconsistently reported in paper. We have used number of
randomised participants as 7812 (study abstract reports 7727 participants)
Inclusion criteria: all people admitted to study units during study interval (information taken from
prospective clinical trial register report)
Exclusion criteria: known allergies to CHG or other ingredients in the product; burns that include
a high percentage of disrupted body surface area, if undergoing lumbar punctures or contact with
meninges, large open skin wounds, children aged < 18 years (information taken from prospective clini-
cal trial register report)
Number of participants with an HAI before randomisation: not reported
Baseline characteristics
Chlorhexidine gluconate (n =3970 randomised; losses not reported, ITT analysis)
1. Age: not reported
2. Gender: not reported
Soap and water (n = 3842 randomised, losses not reported, ITT analysis)
1. Age: not reported
2. Gender: not reported

Interventions Chlorhexidine gluconate (2%)
1. Administration: daily bathing with chlorhexidine-impregnated washcloths; everywhere except for

face

Soap and water
1. Administration: daily bathing with non-antimicrobial washcloths

Outcomes Rate of infection (MRSA, VRE and hospital-acquired bloodstream infections), adverse effects (to include
skin reactions), length of stay
Notes
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Climo 2013 (continued)

1. 208 skin reactions during the testing period that were considered to be unrelated to either bathing
method (CHG group 78/3970; soap and water 130/3842)

2. HAl assessment: specimens processed by separate microbiology laboratories. CDC definitions

Notes Funding/declarations of interest: co-operative programme grant from Centers for Disease Control
and Prevention, and Sage Products (manufacturers of intervention and control products). Authors have
received various grants from pharmaceutical companies, all declared in study report. Sage Products
provided technical and education support but were not involved in any study design, data analysis or
preparation of the manuscript.

Study dates: August 2007 to February 2009
Risk of bias
Bias Authors' judgement  Support for judgement

Random sequence genera-  Unclear risk Study described as randomised (each cluster was randomly assigned); no ad-

tion (selection bias) ditional details

Allocation concealment Unclear risk No details

(selection bias)

Blinding of participants High risk Investigators and clinical staff were aware of treatment groups

and personnel (perfor-

mance bias)

All outcomes

Blinding of outcome as- Unclear risk No details of whether personnel who assessed HAIs were blinded. Unblinded

sessment (detection bias) nursing personnel assessed participants for skin reactions

All outcomes

Incomplete outcome data  High risk No losses reported and study authors report that all randomised participants

(attrition bias) were analysed as intention-to-treat. However, some discrepancies in number

All outcomes of participants throughout the paper; the study authors note that there were
7727 participants in ITT analysis, yet elsewhere they report that 7812 partici-
pants were treated and analysed.

Selective reporting (re- Unclear risk Prospective clinical trial registration NCT00502476. Online protocol linked to

porting bias) the full report in the New England Journal of Medicine, which appears to be
prospectively prepared. Skin reactions is not listed as an outcome in the pro-
tocol but is reported in the full text.

Other bias Unclear risk Study authors reported no wash-out period. However, infections and MDRO
acquisitions were monitored for 2 days after transition and any new infections
were assigned to the previous treatment.

Recruitment bias (cluster Unclear risk Each cluster was a separate ICU, in 6 hospitals, but we could not be certain

trials only) that there was no risk of recruitment bias to a particular ICU (particularly when
more than one cluster/ICU was located in the same hospital).

Baseline Imbalance (clus- Unclear risk We were unable to assess whether clusters were comparable.

ter trials only)

Loss of clusters (cluster tri-  High risk Study reports that 12 units were initially randomised, however, one unit with-

als only) drew from the study and two units were withdrawn from analysis because of
low compliance with the study protocol.
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Climo 2013 (continued)

Incorrect analysis (cluster
trials only)

Low risk Appropriate analysis used for study design

Milstone 2013

Methods

Cluster-randomised cross-over trial; multi-centre

Setting: 10 paediatric ICUs (medical, surgical and cardiac) in 5 hospitals, USA
Unit of randomisation: ICU

6-month bathing regime followed by alternate bathing regime for 6 months

2-week washout

Participants

Total number of randomised participants: 4947
Inclusion criteria: children admitted to any of the included ICUs with an anticipated stay of > 48 hours

Exclusion criteria: children younger than 2 months old, had an indwelling epidural or lumbar drain,
severe skin diseases or burns, or had an allergy to chlorhexidine

Number of participants with an HAI before randomisation: not reported
Baseline characteristics
Chlorhexidine gluconate (n = 2422 randomised; 875 losses after randomisation but ITT analysis used)

1. Age: reported as median (IQR) in each ICU unit. Medians range from 0.55 to 7.64 years
2. Gender: not reported

3. PRISM Il score: medians reported for each unit in each hospital. Appear comparable between treat-
ment and control groups

Soap and water (n = 2525 randomised, no losses reported)

1. Age: reported as median (IQR) in each ICU unit. Medians range from 0.73 to 7.10 years
2. Gender: not reported
3. PRISM Il score: medians reported for each unit in each hospital. Appear comparable between unit

Interventions

Chlorhexidine gluconate (2%)
1. Administration: daily bathing with CHG-impregnated washcloth according to ICU routine practice
Soap and water

1. Administration: daily bathing with soap and water or Comfort Bath according to ICU routine practice

Outcomes

Events of bacteraemia, primary CLABSI, rates of surgical-site infections, incidence of methicillin-resis-
tant staphylococcus aureus and vancomycin-resistant enterococci, skin rashes, mortality

Notes

1. Overall skin reactions CHG group 43/2422; soap-and-water group 26/2525. In the CHG group, 12 are
attributable to the intervention, but does not state how many in the soap-and-water group

2. HAl assessment: blood cultures sent to laboratory. CDC (NHSN) definitions

Notes

Funding/declarations of interest: grant from Sage Products (manufacturers of intervention). Addi-
tional funding from National Institutes for Health and National Center for Research Resources. Oth-
ers have received grant support from Sage Products, as well as other pharmaceutical companies. Sage
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Milstone 2013 (continued)

Products had no role in study design, data collection, data analysis, data interpretation or writing of

the report

Study dates: February 2008 to September 2010

Notes

1. Study also identified by acronym "SCRUB"

Risk of bias

Bias Authors' judgement  Support for judgement

Random sequence genera-  Low risk Random number generator (Microsoft Excel 2007) to assign ICUs to treatment

tion (selection bias) or control

Allocation concealment Unclear risk Assignment concealed until unit agreed to participate, with no additional de-

(selection bias) tails

Blinding of participants High risk Unmasked trial: after assignment, hospital personnel were informed as to the

and personnel (perfor- regime. It is unclear if participants remained blinded

mance bias)

All outcomes

Blinding of outcome as- Low risk Outcome assessors for HAls were masked (assessment of laboratory data).

sessment (detection bias) Clinical care teams assessed skin reactions, unclear if they were blinded

All outcomes

Incomplete outcome data  Unclear risk Alarge number of participants in the treatment group were not included in

(attrition bias) the per-protocol analysis due to lack of consent. An ITT analysis was complet-

All outcomes ed. Study authors report per-protocol analysis data and ITT analysis which are
comparable

Selective reporting (re- Unclear risk Prospective clinical trial registration (NCT00549393). Skin reactions and addi-

porting bias) tional HAIs not listed as secondary outcomes in trial registration report

Other bias Low risk Appropriate washout period for cross-over study design

Recruitment bias (cluster Unclear risk Clusters were separate ICUs, in 5 different hospitals, but we could not be cer-

trials only) tain that there was no risk of recruitment bias to a particular ICU (particularly
when more than one cluster/ICU was located in the same hospital).

Baseline Imbalance (clus- Unclear risk Study authors reported baseline characteristics of each unit, and we noted

ter trials only) some differences in characteristics (e.g. people in the bone marrow transplant
unit had a longer mean length of stay); we could not be certain whether this
would influence overall results

Loss of clusters (cluster tri-  Low risk No loss of clusters

als only)

Incorrect analysis (cluster ~ Low risk Appropriate analysis used to account for study design

trials only)

Noto 2015
Methods Cluster-randomised crossover trial; single centre
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Noto 2015 (Continued)

Setting: 5 ICUs (cardiovascular, medial, neurological, surgical, trauma) at a tertiary care medical centre,
USA

Unit of randomisation: ICUs within a single centre

Alternating 10-week intervention phase and 10-week control phase. Two phases of each trial arm

Participants

Total number of randomised participants: 9340
Inclusion criteria: all those admitted to various adult ICUs within the tertiary centre

Exclusion criteria: allergy to chlorhexidine, burns or toxic epidermal necrolysis, Stevens-Johnson syn-
drome, or the treating physician advised against it. Those admitted during a washout period were also
excluded from primary analysis

Number of participants with an HAI before randomisation: not reported
Baseline characteristics
Chlorhexidine gluconate (n = 4488; no losses)

1. Age, median (IQR): 56 (42 to 68) years
2. Gender, M/F: 2586/1902

Soap and water (n = 4852 randomised; no losses)

1. Age, median (IQR): 57 (42 to 68) years
2. Gender, M/F: 2805/2047

Interventions

Chlorhexidine gluconate (2%)

1. Administration: daily bathing with chlorhexidine-impregnated cloths in sequential order, all body sur-
faces except face. Any soiling between bathing was cleaned using CHG.

Soap and water

1. Administration: daily bathing with disposable non-antimicrobial cloths. Any soiling between bathing
was cleaned using CHG.

Concurrent decolonisation strategies: cardiovascular ICU used chlorhexidine for preoperative clean-
ing as routine regardless of assignment to treatment/control arm. Contact precautions were followed
for any person known to be colonised or infected with MDROs

Outcomes Number of hospital-acquired infections (to include CLABSI, CAUTI, VAP, C-difficile infection), rates of
each infection, hospital and ICU length of stay, rates of clinical cultures positive for multi-drug-resistant
organisms, blood culture contamination, healthcare associated bloodstream infections, rates of prima-
ry outcome by ICU
Notes
1. HAl assessment: CDC (NHSN) definitions

Notes Funding/declarations of interest: grants from National Institute of Health and through the Vander-
bilt Institute for Clinical and Translational Research. Sponsors had no role in design and conduct of the
study.

Study dates: July 2012 to July 2013
Risk of bias
Bias Authors' judgement  Support for judgement
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Noto 2015 (Continued)

Random sequence genera-  Low risk Cluster-randomised cross-over study design: "Each unit was randomised to a

tion (selection bias) bathing sequence by generating 5 numbers from 1 to 2 at random using soft-
ware available at www.randomizer.org." Appropriate study design to assess
the intervention

Allocation concealment Unclear risk No details

(selection bias)

Blinding of participants High risk No blinding of participants or staff who ran the units or applied the treatments

and personnel (perfor-

mance bias)

All outcomes

Blinding of outcome as- Low risk Infection control personnel responsible for assessing infection outcomes were

sessment (detection bias) blinded to treatment assignments

All outcomes

Incomplete outcome data  Low risk All participants excluded if they were admitted during washout period. Some

(attrition bias) protocol violations for which study authors had conducted sensitivity analy-

All outcomes ses. No participant loss and data reported as ITT

Selective reporting (re- Unclear risk Study was retrospectively registered with a clinical trial register

porting bias) (NCT02033187). It was not feasible to assess risk of selective reporting bias

Other bias Low risk No other sources of bias identified

Recruitment bias (cluster Unclear risk Clusters were separate units, but we could not be certain that there was no risk

trials only) of recruitment bias to a particular ICU because ICU clusters were located in the
same hospital

Baseline Imbalance (clus- Unclear risk Baseline characteristics appeared comparable between intervention and con-

ter trials only) trol group but were not reported by cluster and therefore we could not be cer-
tain of comparability between clusters

Loss of clusters (cluster tri-  Low risk No loss of clusters

als only)

Incorrect analysis (cluster ~ Low risk Appropriate analysis used for study design

trials only)

Pallotto 2018

Methods

RCT; single centre; parallel design

Setting: ICU and postoperative cardiosurgical ICU, Italy

Participants

Total number of randomised participants: 449

Inclusion criteria: ICU stay for at least one night, aged > 18 years

Exclusion criteria: known allergy to chlorhexidine: admission diagnosis of burns, toxic epidermal
necrolysis or Stevens-Johnson syndrome; pregnancy; aged < 18 years

Numbers of participants with an HAI before randomisation: not reported

Baseline characteristics

Chlorhexidine gluconate (n = 226; no losses; number analysed = 226)
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Pallotto 2018 (continued)

1. Age, mean (SD): 67.2 (+ 13.8) years
2. Gender: 136/90
3. Charlson co-morbidity index, mean (SD): 6.15 (+ 2.65)

Soap and water (n =223; no losses; number analysed = 223)

1. Age, mean (SD): 67.5 (+ 15.6) years
2. Gender, M/F: 137/86
3. Charlson co-morbidity index, mean (SD): 3.09 (+ 2.57)

Interventions

Chlorhexidine gluconate (4%)

1. Administration: once-daily bathing with soap-like solution using washcloths followed by water rins-
ing, everywhere except the face. Daily bathing until ICU discharge

Soap and water
1. Administration: same as chlorhexidine group, but use washcloths with standard soap and water

"This infection control intervention was the only one in progress during the study period"

Outcomes Incidence of HAI (cumulative incidence of BSI, CLABSI, UTI, CAUTI, and VAP); incidence of VAP, BSI,
CLABSI, UTI, CAUTI; time until infection; adverse events; mortality; length of ICU stay
Notes Funding/declarations of interest: no external funding, and authors declared no conflicts of interest
Study dates: August 2015 to April 2016
Risk of bias
Bias Authors' judgement  Support for judgement
Random sequence genera-  Low risk Use of a computer-generated randomization list
tion (selection bias)
Allocation concealment Unclear risk No details
(selection bias)
Blinding of participants High risk Personnel were unblinded to intervention groups
and personnel (perfor-
mance bias)
All outcomes
Blinding of outcome as- Low risk Outcome assessors were blinded to intervention groups
sessment (detection bias)
All outcomes
Incomplete outcome data  Low risk No losses
(attrition bias)
All outcomes
Selective reporting (re- Unclear risk Retrospective registration with clinical trial registration (in August 2018) -
porting bias) NCT03639363. Not feasible to assess risk of selective reporting bias using these
documents
Other bias Low risk No other sources of bias identified
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Swan 2016

Methods

RCT; single centre; parallel design

Setting: SICU, 24-bed unit, USA

Participants

Total number of randomised participants: 350
Inclusion criteria: aged = 18 years with anticipated SICU stay = 48 hours

Exclusion criteria: Braden Scale for Predicting Pressure Sore Risk score <9, pregnancy, skin irritation
that precluded chlorhexidine bathing, chlorhexidine allergy, or SICU stay > 48 hours prior to screening

Participants who had HAI before randomisation: BSIs: 4 CHG group; 3 control group. VAP: 3 CHG
group; 3 control group. SSls: 3 CHG group; 9 control group. CAUTIs: 9 CHG group; 13 control group (data
taken from supplementary appendix provided with online full study report)

Baseline Characteristics
Chlorhexidine gluconate (n = 175; 13 losses, number analysed = 161)

. Age, mean (SD): 59.4 (+ 15.9) years

. Gender, M/F: 98/63

. Weight, mean kg (SD): 86.9 (+ 28.0)

. APACHE I, mean (SD): 26.8 (+ 9.1); SAPS II: 44.1 (+ 16.2); SOFA: 7.6 (+ 4.5)

H W N =

Soap and water (n = 175; 11 losses, number analysed = 164)

. Age, mean (SD): 60.2 (+ 16.5) years

. Gender, M/F: 86/78

. Weight, mean kg (SD): 83.8 (+ 25.7)

. APACHE II, mean (SD): 26.1 (£ 9.0); SAPS II: 44.2 (+ 17.8); SOFA: 7.0 (+ 4.7

AW N =

Interventions

Chlorhexidine gluconate (2%)

1. Administration: washcloths submerged in chlorhexidine solution (8 oz warm tap water with 8 oz
chlorhexidine 4% Surgical Scrub). Bathed over all surfaces, except face, perianal mucous membranes
and open wounds, every other day. Bathing with soap and water on alternate days

Soap and water

1. Administration: alternate day bathing with non-medicated Bedside Care Easicleanse bath wash-
cloths, or Dial soap and disposable cloths. Ad hoc soap-and-water applications for cases of soiling

Concurrent decolonisation strategies: washbasins discarded after each use

Outcomes Number of participants with at least one hospital-acquired infection (also reported number with one
infection and number with 2 infections), data for specific infections (CAUTI, VAP, SSI, primary blood-
stream infections), length of stay in SICU, hospital stay, in-hospital mortality, mortality during study pe-
riod, adverse skin occurrences
Notes
1. HAl assessment: 2008 CDC definitions and 2013 requirements of symptoms for CAUTI

Notes Funding/declarations of interest: Funded by intramural grant from Houston Methodist Research In-
stitute, US. Funder had no role in study design, data collection and analysis
Study dates: July 2012 to May 2013
Notes
1. Outcome data from supplementary appendix provided with online full study report. Data reported as

ITT and 'as-treated'
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Swan 2016 (Continued)

2. Participants notincluded in primary analysis if they joined study during washout period

3. We noted some differences in baseline differences between groups. Study authors stated, "Patients
in the chlorhexidine arm were more likely to have kidney dysfunction, liver failure, subclavian blood-
stream catheters, invasive airway at randomisation"

Risk of bias

Bias Authors' judgement  Support for judgement

Random sequence genera-  Low risk Randomisation was completed using Microsoft Excel 2007

tion (selection bias)

Allocation concealment Unclear risk "Investigators opened folders only after a patient was enrolled and study num-

(selection bias) bers were assigned in order. Folder contents were not visible prior to opening"
Unclear if this method is sufficient to ensure allocation is concealed. Folders
are not described as sealed

Blinding of participants High risk "Patients and bedside clinicians were aware of treatment-group assignment"

and personnel (perfor-

mance bias)

All outcomes

Blinding of outcome as- Low risk Investigators who determined efficacy and safety outcomes were blinded

sessment (detection bias)

All outcomes

Incomplete outcome data  Low risk 11 participants in the control group and 13 participants in the CHG group were

(attrition bias) excluded after randomisation as they had been previously enrolled. One par-

All outcomes ticipant withdrew from the CHG group before treatment started. Reasons are
justifiable and do not increase risk of bias

Selective reporting (re- Low risk Prospective clinical trial registration NCT01640925. Outcomes all reported ac-

porting bias) cording to registration report

Other bias Low risk No other sources of bias identified

APACHE I1: Acute Physiology and Chronic Health Evaluation Il; BSI: blood-stream infection; CAUTI: catheter-associated urinary tract
infection; CDC: Centers for Disease Control and Prevention; CHG: chlorhexidine; CLABSI: central line-associated blood stream infection;
GCS: Glasgow coma score; HAI: hospital-acquired infection; ICU: intensive care unit; IQR; interquartile range; MDR: multi-drug resistant;
MDRO: multi-drug resistant organism; M/F: male/female; MICU: medical intensive care unit; MRSA: methicillin-resistant staphylococcus
aureus; n: number of participants; NHSN: National Healthcare Safety Network; RCT: randomised controlled trial; SAPS II: Simplifed Acute
Physiology Score Il; SD: standard deviation; SICU: surgical intensive care unit; SOFA: Sequential Organ Failure Assessment; SSI: surgical
site infection; VAP: ventilator-associated pneumonia; VRE: vancomycin-resistant enterococci

Characteristics of excluded studies [ordered by study ID]

Study Reason for exclusion
Camus 2011 RCT, adult participants in ICU, intervention group received repeated MRSA screening, contact and
droplet isolation precautions if at risk of MRSA at ICU admission and for MRSA-positive people, and
decontamination with nasal mupirocin and chlorhexidine body wash for MRSA-positive people.
Ineligible intervention
Choi 2012 RCT, participants in ICU, use of chlorhexidine bathing specifically in perineal area to prevent CAUTIs
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Study Reason for exclusion

Cunha 2008 RCT, bathing with chlorhexidine or control of neonates for their first bath. Not critically ill

Dean 2011 RCT, participants in ICU, bathing with chlorhexidine solution compared with bathing using
chlorhexidine-impregnated wash-cloths. No eligible comparison group

Derde 2014 Interrupted time-series study with all participants receiving chlorhexidine bathing and then ran-
domised to receive a MRSA and VRE screening procedure

Duzkaya 2017 RCT, participants in a paediatric ICU, periurethral cleansing with chlorhexidine or povidone-iodine
or water prior to placement of urinary catheter

Huang 2013 RCT, participants in ICU, treatment groups were: MRSA screening and isolation; targeted decoloni-
sation with chlorhexidine and mupirocin of MRSA-carriers; universal decolonisation with chlorhexi-
dine and mupirocin of all participants. No control group described as bathing with soap and water
or receiving no bathing

Lowe 2017 Prospective non-randomised cross-over study, participants in ICU, bathing routine with chlorhexi-
dine for seven months then bathing routine with soap and water

Sankar 2009 RCT, preterm low-weight infants wiped once with chlorhexidine or saline or nothing within 3 hours

of birth

CAUTI: catheter-associated urinary tract infection; ICU: intensive care unit; MRSA: methicillin-resistant staphylococcus aureus; RCT:
randomised controlled trial; VRE: vancomycin-resistant enterococci

Characteristics of studies awaiting assessment [ordered by study ID]

ChiCTR-TRC-13004164

Methods

RCT, parallel design

Participants

Inclusion criteria: participants more than 18 years of age with an expected length of stay more than
48 hours in the ICU, written informed consent obtained from the family of the participants, basic
screening of colonising bacteria obtained during the first 2 hours after admission to the ICU

Interventions

Daily body bathing with chlorhexidine versus daily body bathing with soap and water and routine
care

Outcomes

Nosocomial infections in the ICU, ICU-attributable blood stream infections

Notes

Registered in clinical trial register. Described recruitment as completed but we have not been able
to source a published full-text of this report. We have contacted study authors by email to request
details

ICU: intensive care unit; RCT: randomised controlled trial

Characteristics of ongoing studies [ordered by study ID]

IRCT2017030932293N1

Trial name or title

Chlorhexidine effect on skin colonization

Methods

RCT, parallel design

Participants

Target number of randomised participants: 80
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IRCT2017030932293N1 (Continued)

Inclusion criteria: people with multiple trauma, 20 to 60 years of age, hospitalised for = 48 hours

Exclusion criteria: people had an infectious disease or diabetes, pregnancy, discharge or transfer
to another ward <48 hours

Interventions

Daily body bathing with 2% chlorhexidine. Control not described

Outcomes

Pathogen colonisation (in culture), type of micro-organisms (in culture), drug resistance (using an-
tibiotic sensitivity test), length of hospital stay

Starting date

April 2017

Contact information

Hamed Sarani; Khatm-al-anbia Hospital; sarani@zaums.ac.ir

Notes

NCT02870062

Trial name or title

Impact of daily bathing with chlorhexidine in the critical patient

Methods

RCT, parallel design

Participants

Target number of randomised participants: 40
Inclusion criteria: people admitted to MICU, <48 hours in the MICU, = 18 years of age

Exclusion criteria: people with burns > 20% body surface, pregnancy, recorded allergy history to
chlorhexidine

Interventions

Daily bathing with 2% chlorhexidine wipes, plus oral spray with 0.2% chlorhexidine chlorhydrate
and 0.12% chlorhexidine shampoo versus bathing with wipes, oral spray, and shampoo not con-
taining chlorhexidine. Control products have same labels and same smell as intervention products

Outcomes

Pathogen colonisation (in culture); HAIs; pathogen clonal relationship, biofilm index, and suscepti-
bility to chlorhexidine

Starting date

August 2016

Contact information

Michel Fernando Martinez-Resendez, Universidad Autonoma de Nuevo Leon

Notes

HAI: hospital-acquired infection; MICU: medical intensive care unit; RCT: randomised controlled trial

DATA AND ANALYSES

Comparison 1. Chlorhexidine bathing versus soap-and-water bathing

Outcome or subgroup title No. of No. of Statistical method Effect size
studies partici-
pants
1 Hospital-acquired infection 8 21924 Rate Difference (Random, 95% Cl) 1.70[0.12, 3.29]
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Outcome or subgroup title No. of No. of Statistical method Effect size

studies partici-

pants

1.1 Parallel studies 4 1418 Rate Difference (Random, 95% Cl) 4.00[-3.14,11.14]
1.2 Cluster randomised crossover 4 20506 Rate Difference (Random, 95% Cl) 1.41[-0.00, 2.83]
trials
2 Mortality using adjusted data 6 15798 0Odds Ratio (Random, 95% Cl) 0.87[0.76,0.99]
2.1 Parallel group studies 4 1511 0Odds Ratio (Random, 95% Cl) 0.87[0.64, 1.19]
2.2 Cluster randomised crossover 2 14287 0Odds Ratio (Random, 95% Cl) 0.87[0.76, 1.00]
trials

Analysis 1.1. Comparison 1 Chlorhexidine bathing versus soap-
and-water bathing, Outcome 1 Hospital-acquired infection.

Study or subgroup Chlorhex- Soap and Rate Dif- Rate Difference Weight Rate Difference
idine water ference
N N (SE) IV, Random, 95% CI IV, Random, 95% CI

1.1.1 Parallel studies
Boonyasiri 2016 199 189 -2(2.531

) 7.65% -1.98[-6.94,2.98]
Camus 2005 130 126 0.7 (6.67)

)

)

1.4% 0.67[-12.4,13.74]
0.91% 17.7[1.34,34.06]
Swan 2016 161 164 6.8 (3.05 5.71% 6.77[0.79,12.75]

N
4
Subtotal (95% Cl) ———e—  15.66% 4[-3.14,11.14]
e
| -
L
S g
S

_~

Pallotto 2018 226 223 17.7 (8.349

Heterogeneity: Tau?=30.63; Chi*=8.47, df=3(P=0.04); 1*=64.57%
Test for overall effect: Z=1.1(P=0.27)

1.1.2 Cluster randomised crossover trials

Bleasdale 2007 445 391 6.3(2.5)
Climo 2013 3970 3842 1.8 (0.675)
Milstone 2013 1319 1199 1.4 (0.745)
Noto 2015 4488 4852 0(0.586) —
Subtotal (95% Cl)

Heterogeneity: Tau?=1.24; Chi*=8.86, df=3(P=0.03); 1>=66.15%
Test for overall effect: Z=1.95(P=0.05)

7.79% 6.3[1.4,11.2]
25.44% 1.82[0.5,3.14]
24.49% 1.37[-0.09,2.83]
26.61% 0.04[-1.11,1.19]
84.34% 1.41[-0,2.83]

Total (95% CI) 100% 1.7[0.12,3.29]
Heterogeneity: Tau?=2.1; Chi*=17.76, df=7(P=0.01); 1>=60.58%
Test for overall effect: Z=2.11(P=0.03)

Test for subgroup differences: Chi*=0.48, df=1 (P=0.49), 1>=0%

Favours soap and water -10 -5 0 5 10 Favours chlorhexidine
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Analysis 1.2. Comparison 1 Chlorhexidine bathing versus soap-
and-water bathing, Outcome 2 Mortality using adjusted data.

Study or subgroup Chlorhex- Soap and log[Odds 0dds Ratio Weight 0dds Ratio
idine water Ratio]
N N (SE) IV, Random, 95% CI IV, Random, 95% CI
1.2.1 Parallel group studies
Boonyasiri 2016 240 241 0.3(0.474) — 1.95% 1.4[0.55,3.54]
Camus 2005 130 126 -0.2(0.273) —- 5.87% 0.79[0.46,1.36]
Pallotto 2018 226 223 -0.1(0.276) —— 5.76% 0.88[0.51,1.51]
Swan 2016 161 164 -0.3(0.336) —— 3.87% 0.77[0.4,1.49]
Subtotal (95% Cl) L 2 17.45% 0.87[0.64,1.19]
Heterogeneity: Tau?=0; Chi*=1.25, df=3(P=0.74); 1>=0%
Test for overall effect: Z=0.89(P=0.38)
1.2.2 Cluster randomised crossover trials
Milstone 2013 2422 2525 -0.2(0.174) —+ 14.45% 0.86[0.61,1.21]
Noto 2015 4488 4852 -0.1(0.08) [+ 68.09% 0.87[0.75,1.02]
Subtotal (95% Cl) ¢ 82.55% 0.87[0.76,1]
Heterogeneity: Tau?=0; Chi*=0.01, df=1(P=0.94); 1>=0%
Test for overall effect: Z=1.9(P=0.06)
Total (95% CI) ¢ 100% 0.87[0.76,0.99]
Heterogeneity: Tau?=0; Chi*=1.25, df=5(P=0.94); 1>=0%
Test for overall effect: Z=2.09(P=0.04)
Test for subgroup differences: Chi?=0, df=1 (P=0.99), I*=0%
Favours chlorhexidine 001 0.1 1 10 100 Favours soap and water
ADDITIONAL TABLES
Table 1. Data for length of stay
Study ID Study design Data reported by study authors Chorhexi- Control Inference
dine group  group

Boonyasiri  Parallel Median (range) length of ICU stay, in days 9(3to212) 10(3to P=0.42
2016 136)
Camus Parallel Median (range) length of ICU stay, in days 15(3to 16 (3to0 83) "Not significantly differ-
2005 132) ent"
Climo Cluster-ran- Mean length of ICU stay, in days 6.4 6.4 P =0.53 (unadjusted)
2013 domised

cross-over
Noto 2015  Cluster-ran- Mean (95% Cl) length of ICU stay, in days 2.56 (1.24 2.39(1.21 Difference (95% ClI) =

domised t0 5.09) t0 4.95) 0.169 (-0.01 to 0.321) (un-

cross-over adjusted using Mann-

Whitney U)

Pallotto Parallel Median (IQR) length of ICU stay, in days 4(2t0 8) 4(2to7) P>0.05
2018
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Table 1. Data for length of stay (continued)

Swan Parallel Mean (SD) length of SICU stay, in days 7.2(x11.4) 7.0 (+8.6) P=0.89
2016

Cl: confidence interval; ICU: intensive care unit; SD: standard deviation; SICU: surgical intensive care unit

APPENDICES

Appendix 1. Search strategies

Cochrane Wounds Specialised Register

1 MESH DESCRIPTOR Chlorhexidine EXPLODE ALL AND INREGISTER

2 chlorhexidine or CDG AND INREGISTER

3#10OR#2

4 MESH DESCRIPTOR Intensive Care Units EXPLODE ALL AND INREGISTER
5 MESH DESCRIPTOR Critical Care EXPLODE ALL AND INREGISTER

6 MESH DESCRIPTOR Critical lllness EXPLODE ALL AND INREGISTER

7 MESH DESCRIPTOR Critical Care Nursing EXPLODE ALL AND INREGISTER
8 (critical* near3ill*) AND INREGISTER

9 (intensive care or ICU or intensive therapy or intensive treatment or ITU or (high* next dependen*) or HDU or critical care or CCU) AND
INREGISTER

10#4 OR#5 OR#6 OR#7 OR #8 OR #9

11 #10 AND #3

The Cochrane Central Register of Controlled Clinical Trials (CENTRAL) via the Cochrane Register of Studies (CRS-Web)
1 MESH DESCRIPTOR Chlorhexidine EXPLODE ALL AND CENTRAL:TARGET

2 chlorhexidine or CDG AND CENTRAL:TARGET

3#10R#2

4 MESH DESCRIPTOR Intensive Care Units EXPLODE ALL AND CENTRAL:TARGET
5 MESH DESCRIPTOR Critical Care EXPLODE ALL AND CENTRAL:TARGET

6 MESH DESCRIPTOR Critical lllness EXPLODE ALL AND CENTRAL:TARGET

7 MESH DESCRIPTOR Critical Care Nursing EXPLODE ALL AND CENTRAL:TARGET
8 (critical* near3ill*) AND CENTRAL:TARGET

9 (intensive care or ICU or intensive therapy or intensive treatment or ITU or (high* next dependen*) or HDU or critical care or CCU) AND
CENTRAL:TARGET

10 #4 OR#5 OR #6 OR #7 OR #8 OR #9
11 #3 AND #10
Ovid MEDLINE

1 exp Chlorhexidine/
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2 (Chlorhexidine or CHG).tw.

3o0r/1-2

4 exp Intensive Care Units/

5 exp Critical Care/

6 exp Critical Illness/

7 exp Critical Care Nursing/

8 (critical* adj3 ill*).tw.

9 (intensive care or ICU or intensive therapy or intensive treatment or ITU or high* dependen* or HDU or critical care or CCU).tw.
10 or/4-9

11and/3,10

12 randomised controlled trial.pt.
13 controlled clinical trial.pt.

14 randomi?ed.ab.

15 placebo.ab.

16 clinical trials as topic.sh.

17 randomly.ab.

18 trial.ti.

19 or/12-18

20 exp animals/ not humans.sh.
2119 not20

2211and?21

Ovid Embase

1 exp chlorhexidine/

2 exp chlorhexidine gluconate/
3 (Chlorhexidine or CDG).tw.
40r/1-3

5 exp intensive care unit/

6 intensive care/

7 exp critical illness/

8 exp critically ill patient/

9 (critical* adj3 ill*).tw.

10 (intensive care or ICU or intensive therapy or intensive treatment or ITU or high* dependen* or HDU or critical care or CCU).tw.
11 or/5-10

12 and/4,11

13 Randomized controlled trials/
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14 Single-Blind Method/

15 Double-Blind Method/

16 Crossover Procedure/

17 (random* or factorial* or crossover™ or cross over* or cross-over* or placebo* or assign* or allocat* or volunteer*).ti,ab.
18 (doubl™ adj blind*).ti,ab.

19 (singl* adj blind*).ti,ab.

20 0r/13-19

21 exp animals/ or exp invertebrate/ or animal experiment/ or animal model/ or animal tissue/ or animal cell/ or nonhuman/
22 human/ or human cell/

23 and/21-22

2421 not23

2520 not 24

2612 and 25

EBSCO CINAHL Plus

S25S11 AND S24

524 S12 OR S13 OR S14 OR S150R S16 OR S17 OR S18 OR S19 OR S20 OR S21 OR S22 OR S23
S23 Tl allocat* random™ or AB allocat* random*

S22 MH "Quantitative Studies"

S21 Tl placebo* or AB placebo*

S20 MH "Placebos"

$19 Tl random* allocat™ or AB random* allocat*

S$18 MH "Random Assignment"

S17 Tl randomi?ed control* trial* or AB randomi?ed control* trial*

$16 AB ( singl* or doubl* or trebl* or tripl* ) and AB ( blind* or mask* )

S15 Tl ( singl* or doubl* or trebl* or tripl* ) and TI ( blind* or mask*)

S14 Tl clinic* N1 trial* or AB clinic* N1 trial*

S13 PT Clinical trial

$12 MH "Clinical Trials+"

S11 S3 AND S10

$10S4 OR S5 0OR S6 OR S7 OR S8 OR S9

S9 Tl (intensive care or ICU or intensive therapy or intensive treatment or ITU or high* dependen* or HDU or critical care or CCU) OR AB
(intensive care or ICU or intensive therapy or intensive treatment or ITU or high* dependen* or HDU or critical care or CCU)

S8 Tl (critical* N3'ill*) OR AB (critical* N3 ill*)
S7 (MH "Critically Ill Patients")

S6 (MH "Critical Illness")
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S5 (MH "Critical Care+")

S4 (MH "Intensive Care Units+")

S3S10RS2

S2 Tl (Chlorhexidine or CHG) OR AB (Chlorhexidine or CHG)
S1 (MH "Chlorhexidine")

Appendix 2. US National Institutes of Health Ongoing Trials Register (ClinicalTrials.gov) search strategy
cholorhexidine AND (ICU OR SICU OR MICU)

Appendix 3. WHO International Clinical Trials Registry search strategy
chlorhexidine AND ICU OR SICU OR MICU

Appendix 4. Assessment of risk of bias (individually randomised controlled trials)
1. Was the allocation sequence randomly generated?

Low risk of bias: the investigators describe arandom componentin the sequence generation process such as: referring to arandom number
table; using a computer random number generator; coin tossing; shuffling cards or envelopes; throwing dice; drawing of lots.

High risk of bias: the investigators describe a non-random component in the sequence generation process. Usually, the description would
involve some systematic, non-random approach, for example: sequence generated by odd or even date of birth; sequence generated by
some rule based on date (or day) of admission; sequence generated by some rule based on hospital or clinic record number.

Unclear: insufficient information about the sequence generation process provided to permit a judgement of low or high risk of bias.

2. Was the treatment allocation adequately concealed?

Low risk of bias: participants and investigators enrolling participants could not foresee assignment because one of the following, or
an equivalent method, was used to conceal allocation: central allocation (including telephone, web-based and pharmacy-controlled
randomisation); sequentially-numbered drug containers of identical appearance; sequentially-numbered, opaque, sealed envelopes.

High risk of bias: participants or investigators enrolling participants could possibly foresee assignments and thus introduce selection bias,
such as allocation based on: use of an open random allocation schedule (e.g. a list of random numbers); assignment envelopes without
appropriate safeguards (e.g. envelopes were unsealed, non-opaque, or not sequentially numbered); alternation or rotation; date of birth;
case record number; any other explicitly unconcealed procedure.

Unclear: insufficient information provided to permit a judgement of low or high risk of bias. This is usually the case if the method of
concealment is not described, or not described in sufficient detail to allow a definite judgement, for example if the use of assignment
envelopes is described, but it remains unclear whether envelopes were sequentially numbered, opaque and sealed.

3. Blinding - was knowledge of the allocated interventions adequately prevented during the study?

Low risk of bias: any one of the following.

« No blinding, but the review authors judge that the outcome and the outcome measurement are not likely to be influenced by lack of
blinding.
« Blinding of participants and key study personnel ensured, and unlikely that the blinding could have been broken.

« Either participants or some key study personnel were not blinded, but outcome assessment was blinded and the non-blinding of others
unlikely to introduce bias.

High risk of bias: any one of the following.

« Noblinding or incomplete blinding, and the outcome or outcome measurement is likely to be influenced by lack of blinding.
« Blinding of key study participants and personnel attempted, but likely that the blinding could have been broken.
« Either participants or some key study personnel were not blinded, and the non-blinding of others likely to introduce bias.

Unclear: either of the following.

« Insufficientinformation to permit judgement of low or high risk of bias.
« The study did not address this outcome.
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4. Were incomplete outcome data adequately addressed?

Low risk of bias: any one of the following.

No missing outcome data.
Reasons for missing outcome data are unlikely to be related to true outcome (for survival data, censoring unlikely to be introducing bias).
Missing outcome data are balanced in numbers across intervention groups, with similar reasons for missing data across groups.

For dichotomous outcome data, the proportion of missing outcomes compared with the observed event risk is not enough to have a
clinically relevant impact on the intervention effect estimate.

For continuous outcome data, a plausible effect size (difference in means or standardised difference in means) among missing outcomes
is not enough to have a clinically relevant impact on the observed effect size.

Missing data have been imputed using appropriate methods.

High risk of bias: any one of the following.

Reason for missing outcome data are likely to be related to the true outcome, with either an imbalance in numbers or reasons for missing
data across intervention groups.

For dichotomous outcome data, the proportion of missing outcomes compared with the observed event risk is enough to induce
clinically relevant bias in the intervention effect estimate.

For continuous outcome data, a plausible effect size (difference in means or standardised difference in means) among missing outcomes
is enough to induce a clinically relevant bias in the observed effect size.

'As-treated' analysis done with a substantial departure of the intervention received from that assigned at randomisation.
Potentially inappropriate application of simple imputation.

Unclear: either of the following.

Insufficient reporting of attrition/exclusions to permit a judgement of low or high risk of bias (e.g. number randomised not stated, no
reasons for missing data provided).

The study did not address this outcome.

5. Are reports of the study free of suggestion of selective outcome reporting?

Low risk of bias: either of the following.

The study protocol is available and all of the study’s prespecified (primary and secondary) outcomes that are of interest in the review
have been reported in the prespecified way.

The study protocol is not available but it is clear that the published reports include all expected outcomes, including those that were
prespecified (convincing text of this nature may be uncommon).

High risk of bias: any one of the following.

Not all of the study’s prespecified primary outcomes have been reported.

One or more primary outcomes is/are reported using measurements, analysis methods, or subsets of the data (e.g. subscales) that were
not prespecified.

One or more reported primary outcomes was/were not prespecified (unless clear justification for their reporting is provided, such as
an unexpected adverse effect).

One or more outcomes of interest in the review is/are reported incompletely so that they cannot be entered in a meta-analysis.
The study report fails to include results for a key outcome that would be expected to have been reported for such a study.

Unclear: insufficient information provided to permit a judgement of low or high risk of bias. It is likely that the majority of studies will fall
into this category.

6. Other sources of potential bias

Low risk of bias: the study appears to be free of other sources of bias.

High risk of bias: there is at least one important risk of bias. For example, the study:

had a potential source of bias related to the specific study design used; or
has been claimed to have been fraudulent; or
had some other problem.

Unclear: there may be a risk of bias, but there is either:
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« insufficient information to assess whether an important risk of bias exists; or

« insufficient rationale or evidence that an identified problem will introduce bias.

Appendix 5. Assessment of risk of bias (cluster randomised controlled trials)

In cluster-randomised trials, particular biases to consider include: (i) recruitment bias; (ii) baseline imbalance; (iii) loss of clusters; (iv)
incorrect analysis; and (v) comparability with individually randomised trials.

(i) Recruitment bias can occur when individuals are recruited to the trial after the clusters have been randomised, as the knowledge of
whether each cluster is an ‘intervention’ or ‘control’ cluster could affect the types of participants recruited.

(ii) Cluster-randomised trials often randomise all clusters at once, so lack of concealment of an allocation sequence should not usually be
an issue. However, because small numbers of clusters are randomised, there is a possibility of chance baseline imbalance between the
randomised groups, in terms of either the clusters or the individuals. Although not a form of bias as such, the risk of baseline differences can
be reduced by using stratified or pair-matched randomisation of clusters. Reporting of the baseline comparability of clusters, or statistical
adjustment for baseline characteristics, can help reduce concern about the effects of baseline imbalance.

(i) Occasionally, complete clusters are lost from a trial, and have to be omitted from the analysis. Just as for missing outcome data in
individually randomised trials, this may lead to bias. In addition, missing outcomes for individuals within clusters may also lead to a risk
of bias in cluster-randomised trials.

(iv) Many cluster-randomised trials are analysed by incorrect statistical methods, not taking the clustering into account. Such analyses
create a ‘unit of analysis error’ and produce over-precise results (the standard error of the estimated intervention effect is too small) and
P values that are too small. They do not lead to biased estimates of effect. However, if they remain uncorrected, they will receive too much
weight in a meta-analysis.

(v) In a meta-analysis including both cluster and individually randomised trials, or including cluster-randomised trials with different types
of clusters, possible differences between the intervention effects being estimated need to be considered. For example, in a vaccine trial
of infectious diseases, a vaccine applied to all individuals in a community would be expected to be more effective than if the vaccine was
applied to only half of the people. Another example is provided by a Cochrane Review of hip protectors. The cluster trials showed large
positive effect, whereas individually randomised trials did not show any clear benefit. One possibility is that there was a ‘herd effect’ in
the cluster-randomised trials (which were often performed in nursing homes, where compliance with using the protectors may have been
enhanced). In general, such ‘contamination’ would lead to underestimates of effect. Thus, if an intervention effect is still demonstrated
despite contamination in those trials that were not cluster-randomised, a confident conclusion about the presence of an effect can be
drawn. However, the size of the effect is likely to be underestimated. Contamination and ‘herd effects’ may be different for different types
of cluster.
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Appendix 7. Statistical analysis details: hospital-acquired infections

Study ID Study design Analysis re- Definition Data reported by study au- Manipulation by review au-
ported by of outcome thors thors
study author  used in the
review for
‘hospital ac-
quired in-
fection’
Bleasdale  Cluster-randomised Multivariate BSI Rate (per 1000 patient days)  SE for rate difference calcu-
2007 cross-over trial with models that 10.4 vs 4.1, 95% Cl for rate lated from CI
2 clusters and 836 include a term difference 1.2to 11
participants for geographi-
cal unit
Boonyasiri  Parallel group trial of  Individualin- VAP, CLABSI,  28infections during 3284 Rate difference and associat-
2016 481 participants cidence and CAUTI patient days vs 29 infections  ed SE calculated using sec-
during 2759 patient days tion 9.4.8 Higgins 2011
(adding up infections and
using mean ICU stay to cal-
culate patient days)
Camus 2x2 factorial trial Numberofin-  Acquiredin- 87 infections during 1961 Rate difference and associat-
2005 with 256 participants  fections and fections patient days vs 87 infections  ed SE calculated using sec-
intwo relevantarms  patient days during 1991 patient days tion 9.4.8 Higgins 2011
Climo Cluster-randomised GEE (accord- Hospital ac- Rate (per 1000 patient days) P value used to calculate Z-
2013 cross-over trial with ing to SAP) quired BSI 6.60 vs 4.78, P =0.007 value, and rate difference/ Z
9 clusters and 7727 gives estimate of SE
participants
Milstone Cluster-randomised Poisson re- CLABSI Rate (per 1000 patient days)  Unadjusted and adjusted Cl
2013 cross-over trial with gression ad- 3vs 1.63, rate ratio 0.52 used to calculate SE for log
10 clustersand 4947  justed for (95% CI 0.26 to 1.08), adjust-  rate ratio: from these design
participants cluster and ed C10.25t0 1.08 effect =1.032 applied to in-
time flate SE of rate difference
Noto 2015  Cluster-randomised Supplemen- Composite Rate (per 1000 patient days)  SE for rate difference calcu-
cross-over trial with tary materials  outcome 3.35vs 3.31, 95% Cl for rate lated from ClI
5 clusters and 9340 present group  including difference (-1.19 to 1.11)
participants level analysis CLABSI,
of clusters CAUTI, VAP
and Clostrid-
ium difficile
Pallotto Parallel group trialof ~ Numberofin-  Composite Rate (per 1000 patientdays) P value used to calculate Z-
2018 449 participants fections per outcomein-  40.9vs23.2,P=0.034 value, and rate difference/ Z
patient days cluding BSI, gives estimate of SE
CLABSI, UTl,
CAUTI, and
VAP
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(Continued)
Swan Parallel group trial of ~ Hazard ratios ~ Composite 35infections during 2416 Rate difference and associat-
2016 350 participants and risk differ-  outcome of patient days vs 18 infections  ed SE calculated using sec-
ence CAUTI, VAP, during 2332 patient days tion 9.4.8 Higgins 2011
SSl, BSI (supplementary digital con-
tent)

BSI: blood stream infection; CAUTI: catheter associated urinary tract infection; Cl: confidence interval; CLABSI: central line associated blood
stream infection; GEE: general estimating equation; ICU: intensive care unit; SAP: statistical analysis plan; SE: standard error; UTI: urinary
tract infection; VAP: ventilator-acquired pneumonia

Appendix 8. Analysis of rate differences: hospital-acquired infections

Study ID Rate difference (control - 95% CI SE
treatment)

Bleasdale 2007 6.3 12to11 2.5
Boonyasiri 2016 -1.984 2.53
Camus 2005 0.668 6.68
Climo 2013 1.82 0.43t03.13 0.675
Milstone 2013 1.37 -0.24t02.25 0.756
Noto 2015 0.04 -1.11to 1.19 0.586
Pallotto 2018 17.7 1.34 to 34.06 8.349
Swan 2016 6.768 3.050

Cl: confidence interval; SE: standard error

Appendix 9. Statistical analysis details: mortality

Study ID Data reported by study authors Manipulation by review authors

Milstone 2013 88/2525 vs 73/2422 with unadjusted RD Design effect = 1.032 calculated for primary outcome. This was
-0.48(95% Cl -01.47 t0 0.51) applied to inflate standard error of log OR

Noto 2015 449/4852 vs 367/4488 with unadjusted Cll Adjusted and unadjusted Cl presented for RD for primary out-
for RD -1.07(95% ClI-2.22 t0 0.07) come: these were used to estimate design effect = 1.092 which

was applied to inflate SE of log OR

Cl: confidence interval; OR: odds ratio; RD: risk difference; SE: standard error
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DIFFERENCES BETWEEN PROTOCOL AND REVIEW

We made the following changes from the protocol (Lewis 2016).

1. New author: we added an additional author to the review (Sarah Rhodes).
2. Criteria for considering studies in this review: we did not exclude studies in which participants were diagnosed with a hospital-acquired

infection (HAI) prior to randomisation. This was not reported in four studies (Bleasdale 2007; Climo 2013; Milstone 2013; Noto 2015),
such that we could not be certain whether participants in these studies had been monitored for an HAI at enrolment; and two included
studies reported a small number of participants with some infections at baseline (Camus 2005; Swan 2016). We included all studies,
but collected baseline data on HAI as reported by study authors. However, we believe this indicated indirectness, and we downgraded
the certainty of the evidence for this reason. We excluded studies of neonates because these participants have a different set of critical
care needs. We specified the exclusion of studies in which only one body part was bathed; our intention was to look at the effect of
chlorhexidine when used for bathing of all body areas.

. The original protocol stated 'For studies with a cross-over design, we will only include data from the first intervention period, i.e. before
cross-over to the alternative treatment'. We did not anticipate that we would identify any cluster-randomised crossover trials; however it
was felt that the cluster-randomised cross-over trial was a valid design to answer the research question, given that the same participants
were unlikely to be included in both the intervention and control period. We decided post-hoc to include, where possible, both periods
of cluster-randomised cross-over trials, using methods described in Unit of analysis issues.

. Data synthesis: in the protocol we stated that the primary outcome (hospital-acquired infections) would be analysed using odds ratios.
Most of the trials reported infections using number of events and rates rather than number of people having at least one infection;
this included several cluster-randomised cross-over trials that analysed infections using rate differences with appropriately adjusted
confidence intervals. In order to utilise data from as many trials as possible, and to incorporate the cluster-randomised cross-over trials,
we chose to use rate differences as the summary statistic for the primary outcome.

. Sensitivity analysis: because of the inclusion of cluster-randomised cross-over studies, and subsequent changes to analysis of data, we
used sensitivity analysis to assess the inclusion of such studies. We expanded the sensitivity analysis to include analysis of a secondary
outcome (mortality) because we also included cluster-randomised cross-over studies in this analysis.
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