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ABSTRACT

Background

Annually, infections contribute to approximately 25% of the 2.8 million neonatal deaths worldwide. Over 95% of sepsis-related neonatal
deaths occur in low- and middle-income countries. Hand hygiene is an inexpensive and cost-effective method of preventing infection
in neonates, making it an affordable and practicable intervention in low- and middle-income country settings. Therefore, hand hygiene
practices may hold strong prospects for reducing the occurrence of infection and infection-related neonatal death.

Objectives

To determine the effectiveness of different hand hygiene agents for preventing neonatal infection in both community and health facility
settings.

Search methods

Searches were conducted without date or language limits in December 2022 in the Cochrane Central Register of Controlled Trials
(CENTRAL), MEDLINE, Embase and Cumulated Index to Nursing and Allied Health Literature (CINAHL), clinicaltrials.gov and International
Clinical Trials Registry Platform (ICTRP) trial registries. The reference lists of retrieved studies or related systematic reviews were screened
for studies not identified by the searches.

Selection criteria

We included randomized controlled trials (RCTs), cross-over trials, and cluster trials that included pregnant women, mothers, other
caregivers, and healthcare workers who received interventions within either the community setting or in health facility settings, and the
neonates in the neonatal care units or community settings.
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Data collection and analysis

We used standard methodological procedures expected by Cochrane and the GRADE approach to assess the certainty of evidence. Primary
outcomes were incidence of suspected infection (author-defined in study) within the first 28 days of life, bacteriologically confirmed
infection within the first 28 days of life, all-cause mortality within the first seven days of life (early neonatal death), and all-cause mortality
from the 8th to the 28th day of life (late neonatal death).

Main results

Ourreview included six studies: two RCTs, one cluster-RCT, and three cross-over trials. Three studies involved 3281 neonates; the remaining
three did not specify the actual number of neonatesincluded in their study. Three studies involved 279 nurses working in neonatal intensive
care units (NICUs). The number of nurses included was not specified by one study. A cluster-RCT included 103 pregnant women of over 34
weeks gestation from 10 villages in a community setting (sources of data: 103 mother-neonate pairs) and another community-based study
included 258 married pregnant women at 32 to 34 weeks of gestation (the trial reported adverse events on 258 mothers and 246 neonates).
Studies examined the effectiveness of different hand hygiene practices for the incidence of suspected infection (author-defined in study)
within the first 28 days of life. Three studies were rated as having low risk for allocation bias, two studies were rated as unclear risk, and
one was rated as having high risk. One study was rated as having a low risk of bias for allocation concealment, one study was rated as
unclear risk, and four werw rated as having high risk. Two studies were rated as having low risk for performance bias and two were rated
as having low risk for attrition bias.

One class of agent versus another class of agent: 2% chlorhexidine gluconate (CHG) compared to alcohol hand sanitiser (61% alcohol
and emollients)

For this comparison, no study assessed the effect of the intervention on the incidence of suspected infection within the first 28 days of life.
Two percent chlorhexidine gluconate (CHG) probably reduces the risk of all infection in neonates compared to 61% alcohol hand sanitiser
inregard to the incidence of all bacteriologically confirmed infection within the first 28 days of life (RR 0.79, 95% confidence interval (Cl) 0.66
t00.93;2932 participants, 1 study; moderate-certainty evidence), number needed to treat for an additional beneficial outcome (NNTB): 385.

The adverse outcome was reported as mean self-reported skin change and mean observer-reported skin change. There may be little to
no difference between the effects of 2% CHG on nurses’ skin compared to alcohol hand sanitiser, based on very low-certainty evidence for
mean self-reported skin change (mean difference (MD) -0.80, 95% CI -1.59 t0 0.01; 119 participants, 1 study) and on mean observer reported
skin change (MD -0.19, Cl -0.35 to -0.03; 119 participants, 1 study), respectively.

We identified no study that reported on all-cause mortality and other outcomes for this comparison.
None of the included studies assessed all-cause mortality within the first seven days of life nor the duration of hospital stay.
One class of agent versus two or more other classes of agent: CHG compared to plain liquid soap + hand sanitiser

We identified no studies that reported on our primary and secondary outcomes for this comparison except for author-defined adverse
events. We are very uncertain whether plain soap plus hand sanitiser is better than CHG for nurses’ skin based on very low-certainty
evidence (MD -1.87, 95% Cl -3.74 to -0.00; 16 participants, 1 study; very low-certainty evidence).

One agent versus standard care: alcohol-based handrub (hand sanitiser) versus usual care

The evidence is very uncertain whether alcohol-based handrub is better than 'usual care' in the prevention of suspected infections, as
reported by mothers (RR 0.98, Cl 0.69 to 1.39; 103 participants, 1 study, very low-certainty evidence). We are uncertain whether alcohol-
based hand sanitiser is better than 'usual care' in reducing the occurrence of early and late neonatal mortality (RR 0.29,95% C1 0.01 to 7.00;
103 participants, 1 study; very low-certainty evidence) and (RR 0.29, C1 0.01 to 7.00; 103 participants, 1 study; very low-certainty evidence),
respectively. We identified no studies that reported on other outcomes for this comparison.

Authors' conclusions

We found a paucity of data that would allow us to reach meaningful conclusions pertaining to the superiority of one form of antiseptic
hand hygiene agent over another for the prevention of neonatal infection. Also, the sparse available data were of moderate- to very low-
certainty. We are uncertain as to the superiority of one hand hygiene agent over another because this review included very few studies
with very serious study limitations.

PLAIN LANGUAGE SUMMARY
Can hand hygiene prevent infection in newborn babies?
Review question

Can hand hygiene prevent infections in newborn babies?
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Key messages:

1. Two percent chlorhexidine gluconate ((CHG) antiseptic detergent) probably reduces the risk of bacterial infections in neonates compared
to alcohol hand sanitiser within the first 28 days of life.

2. There was not much difference in the undesirable effects of various hand hygiene interventions on the skin of caregivers.
3. We are not sure which type of hand hygiene is best for preventing infection in newborn babies.
Why is hand hygiene important?

Every year, about 500,000 newborn babies die as a result of an infection caused by bacteria. Most of these deaths occur in poor countries.
The hands of mothers and other caregivers harbour a lot of germs that are acquired during contact secretions and diaper changes; they have
been linked to infections in newborns. These infections may be prevented when caregivers of these babies practice good hand hygiene.

What is hand hygiene?

Hand hygiene refers to any form of hand cleansing. Another word for hand hygiene is handwashing, which implies washing hands with
plain or antiseptic soap and water.

How is hand hygiene expected to work?

Frequent and good hand hygiene by mothers, caregivers and healthcare workers may reduce infections of the newborn by reducing dirt,
and germs on their hands, thereby reducing their ability to infect babies.

What did we want to find out?

We wanted to find out which antiseptic, soap or alcohol s better for hand hygiene to prevent infection in newborns in the community and
healthcare centres.

We also wanted to find out if any of the hand hygiene products will cause harm to mothers and healthcare workers.
What did we do?

We searched for studies carried out in the communities or healthcare centres that compared the benefits and risks of any form of hand
hygiene products (like soap, antiseptic, alcohol, hand sanitisers, or handrubs) against another type or against no hand hygiene products
for prevention of infection in newborns. We searched for relevant studies up to July 2021. We compared and summarised the results of the
studies and rated our confidence in the evidence, based on the quality of the studies

What did we find?

We included six studies that involved nurses working in intensive care units of hospitals, all neonates on admission, and pregnant women
in community settings. Three of the studies involved 279 nurses, and one study did not clearly report how many nurses were recruited
into the study; two other studies included 361 pregnant women from community settings. Studies compared 'antiseptic detergent' versus
alcohol hand rub (sanitiser); 'antiseptic detergent' versus plain soap; alcohol hand sanitiser versus 'usual care'; antiseptic detergent versus
'usual care' and antiseptic that contained iodine versus another (prepodyne versus betadine).

Two percent antiseptic detergent may reduce the risk of bacteria infections in neonates compared to alcohol hand sanitiser within the first
28 days of life. Overall, our review provides no strong evidence to support better effectiveness of one hand hygiene intervention compared
to another for preventing infection in newborns. None of the five included studies examined other important issues such as the duration
of hospital stay. There was not much difference in the undesirable effects of various hand hygiene interventions on the skin of caregivers.

In conclusion, we are not sure of the hand hygiene intervention that is better for preventing infection in newborn babies. We assessed only
a few studies that involved small numbers of nurses and babies. In addition, most of the assessed studies had high risk of bias. Larger
studies with low risk of bias are needed so reliable conclusions can be reached.

What are the limitations of the evidence?

We do not have sufficient information that would allow us to reach meaningful conclusions pertaining to which hand hygiene product
is better for the prevention of newborn infection as many of the included studies had issues with how they were carried out. We have
no confidence in the available evidence to draw conclusions about the effectiveness of these hand hygiene interventions for preventing
infection in newborns.

Study funding sources

Sources of funding were declared by four of the included studies, but two studies did not report how they were funded.
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How up-to-date is this evidence?

The evidence is up-to-date to 12 December 2022.
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SUMMARY OF FINDINGS

Summary of findings 1. Two per cent CHG compared to alcohol hand sanitiser (61% alcohol and emollients) for the prevention of infections in

neonates

Two per cent CHG compared to alcohol hand sanitiser (61% alcohol and emollients) for the prevention of infections in neonates

Patient or population: Neonates and caregivers

Setting: Neonatal intensive care unit

Intervention: 2% CHG

Comparison: Alcohol hand sanitiser (61% alcohol and emollients)

Outcomes Anticipated absolute effects” Relative effect  N° of partici- Certainty of Comments

(95% Cl) (95% Cl) pants the evidence

(studies) (GRADE)

Risk with al- Risk with 2%

cohol hand CHG

sanitiser (61%

alcohol and

emollients)
Incidence of (author-defined) sus- - - - - - Not measured
pected infections within the first 28
days of life
Incidence of bacteriologically con-  Study population RR0.79 2932 SDDO The evidence suggests 2% CHG prob-
firmed infections (types of infec- (0.66 t0 0.93) (LRCT) Moderatel ably results in a slight reduction in
tion as specified by authors) within - 134 per 1000 106 per 1000 NNTB =385 incidence of bacteriologically con-
the first 28 days of life (89 to 125) firmed infections (types of infection

as specified by authors) within the
first 28 days of life - all infections
(however, rates of participant con-
tact differed significantly in the two
groups and this is likely to have af-
fected the outcomes).

All-cause mortality within the first
seven days of life (early neonatal
death)

Not measured
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All-cause mortality from the 8th - - - - - Not measured
to 28th day of life (late neonatal
death)

*The risk in the intervention group (and its 95% confidence interval) is based on the assumed risk in the comparison group and the relative effect of the intervention (and
its 95% ClI).
Cl: confidence interval; OR: odds ratio; RR: risk ratio;

GRADE Working Group grades of evidence

High certainty: we are very confident that the true effect lies close to that of the estimate of the effect.

Moderate certainty: we are moderately confident in the effect estimate: the true effect is likely to be close to the estimate of the effect, but there is a possibility that it is
substantially different.

Low certainty: our confidence in the effect estimate is limited: the true effect may be substantially different from the estimate of the effect.

Very low certainty: we have very little confidence in the effect estimate: the true effect is likely to be substantially different from the estimate of effect.

1We downgraded by one level for serious risk of bias due to study limitations.

Summary of findings 2. Alcohol-based handrub compared to usual care for the prevention of infections in neonates

Alcohol-based handrub compared to usual care for the prevention of infections in neonates

Patient or population: Neonates and caregivers
Setting: Community setting

Intervention: Alcohol-based handrub
Comparison: Usual care

Outcomes Anticipated absolute effects” Relative effect  N¢ of partici- Certainty of Comments

(95% ClI) (95% ClI) pants the evidence

(studies) (GRADE)
Risk with usual Risk with alco-
care hol-based han-
drub

Incidence of suspected infec- Study population RR0.98 103 B0 The evidence is very uncertain as to
tions (author-defined) within (0.69t0 1.39) (1LRCT) Very lowl,2 whether alcohol-based handrub is bet-
the first 28 days of life 563 per 1000 551 per 1000 ter than usual care in the prevention of

(388 to 782) suspected infection. The effect includes
harm and benefit due to a wide confi-
dence interval.
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Incidence of bacteriologically
confirmed infections within the
first 28 days of life

Not measured

All-cause mortality within the Study population RR0.29 103 OO The evidence is very uncertain about the
first seven days of life (early (0.01 to 7.00) (LRCT) Very low1,2 effect of alcohol-based handrub on early
neonatal 21 per 1000 6 per 1000 neonatal death.

(0 to 146)
death)
All-cause mortality from the 8th ~ Study population RR0.29 103 B0 The evidence is very uncertain about the
to 28th day of life (late neonatal (0.01 to 7.00) (LRCT) Very lowl,2 effect of alcohol-based handrub on early

death)

21 per 1000 6 per 1000
(0to 146)

neonatal death.

*The risk in the intervention group (and its 95% confidence interval) 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; RR: risk ratio;

GRADE Working Group grades of evidence

High certainty: we are very confident that the true effect lies close to that of the estimate of the effect.

Moderate certainty: we are moderately confident in the effect estimate: the true effect is likely to be close to the estimate of the effect, but there is a possibility that it is

substantially different.

Low certainty: our confidence in the effect estimate is limited: the true effect may be substantially different from the estimate of the effect.
Very low certainty: we have very little confidence in the effect estimate: the true effect is likely to be substantially different from the estimate of effect.

1we downgraded by one level for serious indirectness because this was a small study from one setting.
2We downgraded by two levels for very serious imprecision due to a wide confidence interval.

Summary of findings 3. Four per cent chlorhexidine + hand hygiene promotion compared to usual care for prevention of infections in neonates

Four per cent chlorhexidine + hand hygiene promotion compared to usual care for prevention of infections in neonates

Patient or population: Neonates and caregivers

Setting: Community

Intervention: 4% chlorhexidine + hand hygiene promotion

Comparison: Usual care

Outcomes

Anticipated absolute effects* (95% Cl)

Relative effect N2 of partici-

Risk with [usual
care]

Risk with [4% chlorhexidine
+ hand hygiene promotion]

(95% CI)

pants
(studies)

Certainty of Comments
the evidence
(GRADE)
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Authors reported adverse outcomes Study population RR0.57 246 @000
(events without hospitalisation) (0.28 to 1.15) (LRCT) Very low 12
follow-up: mean 6 weeks 156 per 1000 89 per 1000

(44 to 179)
Adverse events requiring hospitalisa- Study population RR1.83 246 BEOO
tion (SAE) (0.75t04.42) (LRCT) Very low 12
follow-up: mean 6 weeks 57 per 1000 105 per 1000

(43 to 254)

*The risk in the intervention group (and its 95% confidence interval) 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; RR: risk ratio

GRADE Working Group grades of evidence
High certainty: we are very confident that the true effect lies close to that of the estimate of the effect.

Moderate certainty: we are moderately confident in the effect estimate: the true effect is likely to be close to the estimate of the effect, but there is a possibility that it is

substantially different.

Low certainty: our confidence in the effect estimate is limited: the true effect may be substantially different from the estimate of the effect.
Very low certainty: we have very little confidence in the effect estimate: the true effect is likely to be substantially different from the estimate of effect.

1 We downgraded by two levels for very serious study limitations.
2We downgraded by one level for serious imprecision due to wide confidence intervals involving harm and benefit.
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BACKGROUND

Annually, infection contributes to approximately 25% of the 2.8
million neonatal deaths worldwide. Over 95% of sepsis-related
neonatal deaths occur in low- and middle-income countries (Liu
2015). Neonatal infection may be acquired through exposure to
contaminated secretions of the birth canal, or through contact with
the contaminated environment (Chan 2013; Gebremedhin 2016;
Schuchat 2000). Important environmental sources of infection
for the neonate include the hands of individuals who care for
the many needs of the baby, including mothers and healthcare
workers (HCWs) (Ram 2017; Rhee 2008). Contaminated hands play a
major role in community-acquired and hospital-acquired neonatal
infection, particularly amongst preterm infants, who are most
susceptible. Community-based and health facility-based studies
have suggested that handwashing may play a preventive role in
neonatal infection in low-, middle-, and high-income countries
(Janota 2014; Rhee 2008).

Hand hygiene is an inexpensive and cost-effective way of
preventing neonatal infection, making it a practicable intervention
in low- and middle-income settings (WHO 2009). Therefore, hand
hygiene practices may hold strong prospects for reducing the
occurrence of infection and infection-related neonatal death.

Description of the condition

The International Paediatric Sepsis Consensus Conference of
2005 defined neonatal sepsis as systemic inflammatory response
syndrome in the presence of, or as a result of, suspected or
proven infection in a neonate (Goldstein 2005). Neonatal sepsis is
caused by a variety of micro-organisms of bacterial, viral, fungal,
or rickettsial origin. Neonatal sepsis can be classified as an early-
onset (mainly acquired before or during delivery, or both) or late-
onset condition (often acquired from exposure to a contaminated
environment). Neonates are particularly susceptible to infection
because of poor cutaneous and mucosal barrier mechanisms,
poor macrophage function, poor opsonisation, and low levels of
serum immunoglobulins and complement (Cortese 2016; Wynn
2010). Susceptibility to neonatal infection is inversely related to
gestational age, with preterm neonates at higher risk of infection
compared to term neonates (Afonso 2017).

Neonatal infection may lead to life-threatening multi-
systemic morbidities such as shock, disseminated intravascular
coagulopathies, cardiac failure, adrenal insufficiency, renal
insufficiency, and metabolic derangements (Cortese 2016;
Goldstein 2005). Therefore, in spite of the availability of antibiotics
and other adjunctive treatments, neonatal infection still leads to
mortality and accounts for about a quarter of global neonatal
deaths (Liu 2015), as well as prolonged hospital stay, early
complications (Chu 2014), late complications (Adams-Chapman
2006), and huge economic burden (Ranjeva 2018).

The hands of mothers, other caregivers, and HCWs harbour
significant microbial pathogens acquired during contact with
patients or environmental surfaces (Aiello 2003). Contact of
caregivers' and HCWs' hands with respiratory secretions, diaper
changes, and direct skin are often associated with transmission
of infection to the newborn (Pessoa-Silva 2004). Average bacterial
loads on the hands of caregivers (usually mothers) and neonatal
intensive care unit (NICU) nurses may consist of up to hundreds of
thousands of bacteria (Aiello 2003). This pattern of bacterial load

may vary amongst caregivers, but it is relatively constant for any
individual (Aiello 2003; Larson 1998).

The World Health Organization (WHO) has described five steps of
transmission of infection from person to person through the hands
of HCWs. These steps include the following.

1. Organisms present in the skin of HCWs or on objects close to the
patient.

2. Organisms transferred to the hands of HCWs.
3. Organisms surviving on the hands of HCWs for several minutes.

4. Handwashing or hand antisepsis by HCWs being inadequate or
completely omitted, or use of inappropriate agents by HCWs for
hand hygiene.

5. Contaminated hands of HCWs coming in contact with a baby or
with an object that will come in contact with a baby (WHO 2009).

Organisms often found to contaminate the hands of caregivers,
which are capable of causing infection in newborns, include
Staphylococcus aureus, Klebsiella spp., Proteus mirabilis, and
Actinobacter spp (Cortese 2016).

Description of the intervention

Hand hygiene refers to any form of hand cleansing. It is often
used interchangeably with handwashing, which implies washing
hands with plain orantimicrobial soap and water (WHO 2009). Hand
hygiene also includes the use of various alcohol-based hand rubs,
wipes, scrubs, and antiseptic agents such as 0.5% chlorhexidine
gluconate (CHG) (CADTH 2014), chlorine derivatives, chloroxylenol
(PCMX), quaternary ammonium compounds, and triclosan (WHO
2009). It is recommended that caregivers should perform hand
hygiene before touching hospital equipment and instruments,
before touching neonates, and between cleaning and caring for
neonates (Loveday 2014; WHO 2009).

How the intervention might work

Frequent and adequate hand hygiene by caregivers and HCWs may
reduce neonatal infection by reducing dirt, organic materials, and
microbial contamination on the hands of these personnel, thereby
reducing the risk of contamination of babies and objects that come
in contact with babies (Janota 2014; Won 2004).

Handwashing with water alone washes away dirt but may not
remove fat and oil on contaminated hands. This necessitates the
use of soaps and detergents that have the capacity to dissolve
fatty and hydrophobic materials and to facilitate their subsequent
removal with water (WHO 2009). Rotter 1999 reported that washing
hands for 30 seconds reduced bacterial count to a greater extent
than washing hands for 15 seconds.

Alcohol-based hand antiseptics and rubs have the ability to
denature protein (Ali 2001). Alcohol-based preparations containing
60% to 80% alcohol have been reported to be most effective
and safe (Ali 2001). Alcohol has been found to have excellent in
vitro germicidal activity against both drug-susceptible and drug-
resistant bacteria, Mycobacterium tuberculosis, some viruses, and
fungi (Ali 2001). Frequent use of appropriate alcohol-based hand
rubs limits the spread of infection from the hands of HCWs to
neonates (Janota 2014).
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Chlorhexidine solution attaches to and disrupts cytoplasmic
membranes of pathogenic bacteria on the hands of HCWs, thereby
precipitating their cellular contents and resulting in cellular death
(Rotter 1999). This action is similar to that of other hand antiseptic
agents. Mortimer 1962 demonstrated that frequent hand hygiene
with hexachlorophene antiseptic agents significantly reduced the
risk of transmission of Staphylococcus aureus pathogens from
nurses to babies admitted to the NICU compared to the risk
of transmission from nurses who did no handwashing or hand
rubbing with the antiseptic agent. Hand hygiene has also been
reported by several study investigators to reduce the rate and cross-
transmission of pathogenic microbial agents, including methicillin-
resistant Staphylococcus aureus strain (MRSA), in neonatal care
units (Webster 1994; Zafar 1995).

As effective as hand hygiene may be, compliance on the part of
HCWs may present a challenge to the overall benefits to be accrued
from the practice. A study of healthcare providers in neonatal
and paediatric intensive care units shows overall hand hygiene
compliance of 37%, with differential compliance of 41.4% for nurses
and 31.9% for doctors and, for both cadres, compliance was best
immediately after patients or patients' environments were touched
(Karaaslan 2014 [Karaaslan 2014]). Lack of motivation and a heavy
workload were proffered as reasons for poor compliance, but it is
plausible that the type of hand hygiene agent available may also
influence the frequency of hand hygiene practices. Preference for
specific hand hygiene agents may be determined by the types of
adverse events related to the use of such agents.

Adverse events in the form of skin irritation and allergic skin
reaction may occur following the use of hand hygiene agents.
Some liquid soaps, hand lotions, creams, and ointments contain
ingredients such asiodine, iodophors, triclosan, chlorhexidine, and
chloroxylenol, which may act as irritants or allergens. Frequent
exposure of the skin to some of these allergens leads to progressive
depletion of surface lipids in the superficial layers of the skin,
thereby exposing deeper layers of the skin to the effects of allergens
(WHO 2009 [WHO 2009]). Adverse events that may follow hand
hygiene procedures include skin dryness, burning, erythematic
scaling, fissuring, a sensation of roughness, and irritation such
as eczema, as described in Abd El-AAl 2013 [Abd EI-AAl 2013]. In
this study, dryness, burning/irritation, and eczema were reported
by 61%, 30%, and 1% of nurses, respectively. Indeed, healthcare
providers have been reported to have a higher prevalence of skin
irritation than is observed in the general population; this was
ascribed to frequent hand hygiene during patient care (Larson 2006
[Larson 2006]).

Why it is important to do this review

Stringent hand hygiene practices in communities and health
facilities may reduce the risk and incidence of neonatal infection
and ultimately may contribute to the desired reduction in infection-
related neonatal death and the economic burden of associated
morbidities (Adams-Chapman 2006; Chu 2014; Ranjeva 2018). A
conservative estimate of the economic impact of neonatal sepsis
in sub-Saharan Africa (SSA) revealed that 5.29 to 8.73 million
disability-adjusted life-years (DALYs) are lost annually in the region
to neonatal sepsis. This corresponds to an annual economic burden
ranging from United States dollars (USD) 10 billion to USD 469
billionin SSA alone (Ranjeva 2018). This huge economic cost may be
reduced substantially through meticulous hand hygiene practices.

Effective handwashing practices may be a more efficient and
cost-effective intervention aimed at reducing neonatal death for
developing economies, as the cost of procuring the required
materials (soap and water and/or alcohol rubs) may be negligible
compared to the direct and indirect costs of taking care of
morbidities associated with neonatal infection (WHO 2009). Hand
hygiene may also be more psychologically satisfying and thus
more acceptable for families compared to more technologically
advanced preventive measures (Greenland 2013; WHO 2009).
A priority-setting exercise that involved stakeholders from
Anglophone West African countries identified this review question
asvery important (Effa 2017). However, no systematic reviews have
examined the effectiveness of different hand hygiene agents for
prevention of neonatal infection and associated morbidities and
death.

The United Nations, through global goals termed “Sustainable
Development Goals” (SDGs), aims to end preventable death of
newborns and children under five years of age by 2030, amongst
other lofty goals (UN 2017). The third goal of the 17 SDGs cannot
be achieved without reduced neonatal mortality. One way this
goal might be achieved is to substantially reduce infection-related
neonatal mortality in low- and middle-income countries (UN 2017).
Meticulous hand hygiene practices are potential interventions for
reducing these preventable deaths of newborns.

OBJECTIVES

To determine the effectiveness of different hand hygiene agents
for preventing neonatal infection in community and health facility
settings.

METHODS

Criteria for considering studies for this review
Types of studies

We included randomised controlled trials (RCT), cross-over trials,
cluster trials, and quasi-RCTs.

Types of participants

We included individuals providing care to newborn infants within
the community or in health facility settings. For the purpose of this
Cochrane Review, we defined the community setting as any setting
other than a healthcare facility.

Source of outcome data: neonates (from birth to 28 days of life) for
the primary outcomes, neonates and individuals providing care to
them for secondary outcomes.

Types of interventions

Our criteria allowed comparison of any hand hygiene agent versus
another type or standard practice (defined as the current practice
adopted by a healthcare centre which could vary from centre to
centre depending on the clinical protocol in use).

We included studies that compared any of the following
interventions given singly or in combination with any of the
comparisons.

Interventions

1. Handwashing with soap and water
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2. Alcohol-based hand sanitiser (e.g. rubs, wipes, scrubs)

3. Antiseptic hand sanitiser (e.g. chlorhexidine gluconate
(CHG), chlorine derivatives, parachlorometaxylenol (PCMX),
quaternary ammonium compounds, triclosan)

Comparisons

1. One class of agent versus another class of agent

One class of agent versus two or more other classes of agents
One single agent versus standard practice (usual care)

One single agent versus another agent

One single agent versus two or more other agents

o wN

Types of outcome measures
Primary outcomes

1. Incidence of suspected infection (author-defined in study)
within the first 28 days of life. We defined suspected infection
“as defined by the individual provider OR evidenced by parent
bringing child to medical care for chief complaint of infection,
either parasitic, viral, or bacterial".

2. Incidence of bacteriologically confirmed infection (types of
infection as specified by study authors) within the first 28 days
of life (bacteriologically confirmed infection defined as “bacteria
isolated from the blood, urine, or cerebrospinal fluid (CSF), or
any other infected site on the neonates")

3. All-cause mortality within the first seven days of life (early
neonatal death)

4. All-cause mortality from the 8th to the 28th day of life (late
neonatal death)

Secondary outcomes

1. Duration of hospital stay

2. Any hospitalisation for neonates managed in the community
setting

3. Incidence of community-acquired infection and hospital-
acquired infection (hospital-acquired infection defined as “an
infection of bacteria isolated from the blood, urine, or CSF,
that were not present or suspected on hospital admission, but
presented while the patient was hospitalised")

4. Author-reported adverse events, such as skin changes and
reactions to handwash and rubs.

Search methods for identification of studies

The Neonatal Group Information Specialist developed search
strategies in consultation with the authors. The MEDLINE strategy
was translated, using appropriate syntax, for other databases.
Search strategies combine intervention terms with standard terms
for the neonatal population (developed by the Cochrane Neonatal
Group). Methodological filters were used to limit retrieval to
randomised controlled trials and systematic reviews. Searches
were conducted without date, language, publication type or
publication status limits. Clinical trial registries were also searched.

Electronic searches

The following databases were searched without date, language,
publication type or publication status limits in December 2022:

« Cochrane Library, Cochrane Central Register of Controlled Trials
(via CRS Web), Issue 12,2022 (December 12, 2022)

+ Ovid MEDLINE and Epub Ahead of Print, In-Process, In-Data-
Review & Other Non-Indexed Citations and Daily (1946 to
December 9, 2022)

« Embase (1974 to December 9, 2022) (via OVID)
« CINAHL (1981 to December 12, 2022) (via EbscoHost)

Search strategies are available in: Appendix 1; Appendix 2;
Appendix 3; Appendix 4.

Searching other resources

We searched the following clinical trial registries for ongoing and

recently completed trials in 20 January 2022:

« WHO ICTRP database (www.who.int/ictrp/search/en/)

« US National Library of ClinicalTrials.gov
(clinicaltrials.gov)

Medicine’s

Search strategies are available in: Appendix 5.

We searched the reference lists of related studies and systematic
reviews to identify studies not found by database and trial registry
searches. We searched for errata or retractions from included
studies published in full text on PubMed (www.ncbi.nlm.nih.gov/
pubmed).

Data collection and analysis
Selection of studies

Two review authors (BPK and EEU) independently assessed the
eligibility of results of the literature search for potentially relevant
trials using Covidence 2019. These two review authors assessed
the full reports of potentially relevant trials and independently
determined whether they met the inclusion criteria, using a pre-
tested eligibility form. When there were disagreements on study
eligibility, a third review author (DH) resolved these. We listed all
studies excluded after full-text assessment, along with reasons for
excluding them, in the Characteristics of excluded studies table.
We ensured that trials with multiple publications were included
only once, and when multiple publications included different but
relevant outcomes, we included all publications on the same trial
as one study in the review.

We recorded the selection process in sufficient detail to complete a
PRISMA flow diagram (Moher 2009).

Data extraction and management

Two review authors (CO and 00) independently extracted data
from the included studies using Covidence (Covidence 2019). One
review author (O0) entered the extracted data into Review Manager
5 (RevMan 5) (Review Manager 2020), and two review authors (SB,
TAO) cross-checked the data for completeness and accuracy. We
extracted data on the number of participants randomised and the
number analysed in each group for each reported outcome.

For continuous outcomes, we extracted the number of participants
for each treatment arm, using arithmetic means (mean differenced
(MDs)) and calculated standard errors (SEs). When data were
presented as rates, we extracted rates in person-time of follow-
up for person-time outcomes and calculated the incidence rate
ratio. Also, for events presented as counts, we calculated the risk
ratio using the formula described in the Cochrane Handbook for
Systematic Reviews of Interventions (Higgins 2022). We obtained
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the standard error of the natural log of the rate ratio by using the
formula described in Bello 2020. We used generic inverse variance
to calculate the risk ratio for the person-time outcome, and we
calculated the standard error. We extracted data on reported
adverse events as dichotomous outcomes (Higgins 2022). For cross-
over studies, when a sufficient washout period before switching
interventions for participants was reported, we extracted the
final post-intervention data for our analysis using generic inverse
variance (Larson 2005).

We attempted to contact the trial authors to request additional
information on missing or unclear data.

Assessment of risk of bias in included studies

Two review authors (CO and 00) independently assessed the risk of
bias (low, high, or unclear) of all included trials using the Cochrane
Risk of bias tool for the following domains (Higgins 2022).

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).

Any other bias.

No ks wDdE

We resolved disagreements by discussion or by consultation with
a third assessor. See Appendix 6 for a more detailed description of
the risk of bias for each domain.

Measures of treatment effect

The type of treatment effect used in describing each of the
listed outcomes was dependent on the type of data extracted
for the specific outcome. For continuous data, we reported the
mean difference (MD) for continuous outcomes. We presented all
measures of effect along with their corresponding 95% confidence
intervals (Cls). We extracted post-intervention values and utilised
mean and SD values for the analysis. For binary data, we analysed
binary outcomes by calculating the risk ratio (RR) and risk
difference (RD) with 95% Cls.

Unit of analysis issues

For cluster-RCTs, we extracted results that had been adjusted for
clustering (Higgins 2022). To avoid unit of analysis errors due to
meta-analysis of results from several time points, we selected
a maximum of three most clinically important time points (as
reported by the authors of included studies) for each outcome.

For cross-over trials without carry-over effects (studies that allowed
time for the intervention to wash out before crossing over) that met
our inclusion criteria, we presented trial results as for a parallel-
group trial (Larson 2005), and we used generic inverse variance to
analyse continuous data. We used data collected at the end of the
intervention and downgraded the certainty of evidence as for non-
randomised studies. We did not combine the included cross-over
trials in meta-analyses because they were too heterogeneous. The
effect of chlorhexidine against micro-organisms lasts for 48 hours
on the skin; Larson 2005 reported a washout period of one month.

One included cross-over trial did not report a 'washout' period
but prepared appropriate data analyses (i.e. paired analyses) for

'umbilical cord positivity' - an important outcome that was not
one of the outcomes listed in this review (Amortegui 1978). We
extracted data from the first phase of the cross-over trial and
analysed them using generic inverse variance for data analysis as
if the trial had followed a parallel-group design (Deeks 2022); we
presented the results as 'other outcomes not prespecified’. The
study compared betadine (povidone-iodine) and prepodyne - two
iodophor hand hygiene agents. One study reported that povidone-
iodine (betadine) can last for up to two days on the skin (Bigliardi
2017); however another study indicated that the residual effect
ranged between 30 minutes and one hour (Gottardi 2001). We are
not sure what the carry-over effect of the intervention was on the
outcomes reported. We rated the study as having high risk for
other bias and downgraded the certainty of evidence to very low
certainty.

Dealing with missing data

We analysed according to the intention-to-treat principle (all
randomised participants were analysed in the groups to which
they were originally assigned) when the authors of included
studies accounted for all included participants. We would have
assumed that data were missing at random when there was no
difference in the proportion of missing data between intervention
and control groups. If there were too many missing data for one
treatment group compared to another group, we would have
performed an ‘as-treated analysis’, using data for those participants
who completed the study and an ‘intention-to-treat analysis’ by
analysing participantsin the group to which they were randomised,
and we would have assumed that the missing data had a poor
outcome, irrespective of whether participants completed the study.
We would have compared the two results and used the result that
was most representative of the true effect.

We planned to contact trial authors for missing or incomplete data.
When this was not feasible, we employed a complete-case analysis,
such that participants for whom no outcome was reported were
excluded from the analysis, if we judged the study to be at low risk
of bias regarding allocation sequence generation and allocation
concealment. This analysis assumes that participants for whom an
outcome is available are representative of the original randomised
participants (Higgins 2022).

Assessment of heterogeneity

We would have assessed statistical heterogeneity between
subgroups by visually inspecting the forest plots for overlapping
confidence intervals (Cls), by applying the Chi? test (when P < 0.10
was considered statistically significant), and by using the I? statistic
(statistic with values < 25% representing no heterogeneity; 25%
to 49% low; 50% to 74% moderate; and = 75% substantially high
heterogeneity) if there were sufficient studies for meta-analysis.

Assessment of reporting biases

We did not explore publication biases by constructing a funnel plot
due to an insufficient number of included trials.

Data synthesis

Our analysis compared the effect of each hand hygiene product
versus another in a head-to-head comparison. We analysed data
using Review Manager 5 (RevMan 5) (Review Manager 2014 [Review
Manager 2014]). We used generic inverse variance to calculate the
risk ratio for the person-time outcome and the mean difference
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for adverse events reported as a mean visual score. We extracted
data as numbers of events and participants for each group for
adverse events reported as dichotomous outcomes and obtained
their relative risk. We also calculated risk ratios and standard errors
(SEs) for count data using the formula described in the Cochrane
Handbook for Systematic Reviews of Interventions (Higgins 2022)
and applied generic inverse variance for the analysis. We planned
to meta-analyse the data using RevMan when it was feasible to do
so. We identified insufficient studies for a meta-analysis for each of
the prespecified comparisons. We presented the results in narrative
form and downgraded the certainty of evidence forimprecision and
serious risk of bias and displayed results in Summary of findings
tables and in additional tables.

We presented the main results of the review alongside a GRADE
appraisal of the certainty of evidence in Summary of findings tables
and in additional tables.

Subgroup analysis and investigation of heterogeneity

We could not investigate heterogeneity. It was not feasible to do so
because we did not meta-analyse our included studies.

We would have performed a subgroup analysis of community-
based study versus hospital-based study if we had included a
community-based study.

Sensitivity analysis

We did not conduct a sensitivity analysis to investigate the
robustness of study results. Few studies were included in our
review.

Summary of findings and assessment of the certainty of the
evidence

We used the GRADE approach, as outlined in the GRADE Handbook
(Schiinemann 2013), to assess the certainty of evidence of the
following (clinically relevant) outcomes:

« incidence of suspected infections (author-defined) within the
first 28 days of life;

« incidence of bacteriologically confirmed infections (types of
infection as specified by authors) within the first 28 days of life;

« all-cause mortality within the first seven days of life (early
neonatal death);

« all-cause mortality from the 8th to 28th day of life (late neonatal
death).

Two review authors (OO and DH) independently assessed the
certainty of the evidence for each of the outcomes above. We

considered evidence from RCTs as high certainty but downgraded
the evidence one level for serious (or two levels for very serious)
limitations based upon the following: design (risk of bias),
consistency across studies, directness of the evidence, precision
of estimates, and presence of publication bias. We considered
evidence from non-RCTs as very low-certainty evidence because of
very serious risk of bias

We used the GRADEpro GDT Guideline Development Tool to create
three Summary of findings tables to report the certainty of the
evidence (GRADEpro GDT), for the following comparisons:

« one class of agent versus another class of agent (Summary of
findings 1);

« one single agent versus standard practice (usual care): Alcohol-
based handrub versus usual care (Summary of findings 2);

« onesingle agent versus standard practice (usual care): Four per
cent chlorhexidine + hand hygiene promotion versus standard
practice (usual care) (Summary of findings 3).

The GRADE approach results in an assessment of the certainty of a
body of evidence as one of four grades.

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.
RESULTS

Description of studies
Results of the search

Searches identified 1340 records. After removing 290 duplicates,
1050 records were available for screening. We excluded 1030
records based on title/abstract. We assessed 19 full texts and
one trial registry record; we included six studies (Amortegui
1978; Ditai 2019; Larson 2000; Larson 2005; Ram 2020; Sharma
2013; Characteristics of included studies); classified one as
ongoing (Characteristics of ongoing studies); and excluded 13
(Characteristics of excluded studies). We did not classify any studies
as awaiting assessment. For details see Figure 1.
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Figure 1. PRISMA Flow Diagram
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Included studies

Our review included two RCTs with parallel groups (Larson
2000; Ram 2020), one cluster-RCT (Ditai 2019), and three cross-
over clinical trials (Amortegui 1978; Larson 2005; Sharma 2013).
Three studies (Ditai 2019; Larson 2005; Ram 2020) involved 3281
neonates; the remaining three (Amortegui 1978; Larson 2000;
Sharma 2013), were not specific about the actual number of
neonates included in their study. Three studies involved 279 nurses
working in NICUs (Larson 2000; Larson 2005; Sharma 2013). The
number of nurses included in one study (Amortegui 1978) was not
clearly reported. Ditai 2019 included 103 pregnant women of over
34 weeks gestation from 10 villages in a community setting (sources
of data: 103 mother-neonate pairs) and Ram 2020 included “258
pregnant women who at the time of the data collector’s visit, were
married, at 32 to 34 weeks of gestation” and intending to reside in
the location in which they were residing at the time of recruitment
into the study through the remainder of the antenatal period and
the first four weeks after birth (the trial reported adverse events on
258 mothers and 246 neonates).

Study populations

Amortegui 1978 was conducted between October 1974 and March
1975 in two well-baby nurseries at Magee Women's Hospital,
in Pittsburgh, Pennsylvania, USA. The study included all nurses
working in the nursery and all neonates on admission. The actual
number of nurses and neonates recruited was unclear because
it was not mentioned; however, "a total of 1806 cultures were
evaluated and data were reported as counts. The number of nurses
involved fluctuated between four and sixin each nursery, according
to the baby census". This study did not contribute any data to our
outcomes of interest.

Ditai 2019 was a pilot cluster-randomised study that included 103
pregnant women over 34 weeks gestation who met the eligibility
criteria in a community setting involving 10 villages (sources of
data: 103 mother-neonate pairs).

Larson 2000 selected 16 full-time neonatal intensive care unit
(NICU) nurses for this study because this design provided sufficient
statistical power for researchers to determine moderate-to-large
effect sizes for the two primary outcome variables: changes in
numbers of colony-forming units (CFUs) on hands, and clinical
changes in skin condition. The number of neonates was not
mentioned.

Larson 2005 included 119 nurses plus 2932 neonates. Only
neonates hospitalised for longer than 24 hours on the study units
were eligible for inclusion in the study. Study authors reported
that bloodstream infections, pneumonia, conjunctivitis, skin and
soft tissue infections, and central nervous system infections
were monitored because these represent more than 80% of all
healthcare-associated infections (HIs) in neonates. Surveillance
was conducted prospectively by a study nurse epidemiologist who
visited the units at least three times weekly. Sources of data
included laboratory, radiology, and pharmacy records; patient
records; information from physicians and nursing staff; and
direct observation of neonates. All microbiological testing was
performed by the clinical Microbiology Service of the Columbia
University Medical Center, in New York. Standardised definitions
from the National Nosocomial Infections Surveillance system
(NNIS) adapted for use in neonates were used. The definition of
conjunctivitis was broadened from the NNIS definition to include

eye drainage with empirical antibiotic treatment. Inter-rater
reliability was first established in pilot work and was confirmed
during year one by infection data collected simultaneously
and independently by the study nurse epidemiologist and by
each hospital’s nurse epidemiologist. Reliability was monitored
throughout the study during meetings between the nurse
epidemiologist and the physician co-investigators (a paediatric
infectious disease specialist and a neonatologist). Cases with
equivocal data and those that did not fulfil NNIS criteria were
reviewed, and discrepancies were resolved by consensus.

Ram 2020 was a randomised controlled trial of 258 pregnant
women at 32 to 34 weeks gestation (the trial reported adverse
events on 258 mothers and 246 neonates).

Sharma 2013 was a randomised cross-over trial involving 35 female
nurses aged 25 to 48 years working in a NICU and all babies in
NICU (the actual number of neonates not reported). None of our
outcomes of interest were reported by this study.

Study settings

Amortegui 1978 was conducted in two well-baby nurseries at Magee
Women's Hospital, in Pittsburgh, Pennsylvania, USA.

Ditai 2019 was conducted in 10 villages in the Mbale district of
Uganda from August 2015 to May 2016.

Larson 2000 was conducted in a 47-bed NICU at Babies’ and
Children’s Hospital of the New York Presbyterian Medical Center, in
New York, USA.

Larson 2005 was conducted in two NICUs in Manhattan, New York,
USA.

Ram 2020 was conducted in Mirzapur, Bangladesh, a rural area
approximately 60 km northwest of Dhaka that has one tertiary-level
private hospital.

Sharma 2013 was conducted at a level lll NICU of a tertiary care
institute in Northern India.

Most of the included studies recruited participants from NICUs.
In most cases, the number of neonates included was not clearly
specified.

For our primary outcomes, only one study provided data for the
incidence of suspected infection (study author-defined) within
the first 28 days of life (Ditai 2019). One study provided data on
the incidence of bacteriologically confirmed infection (types of
infection as specified by study authors) within the first 28 days of life
(Larson 2005). One study (Ditai 2019) provided data on the following
outcomes: all-cause mortality within the first seven days of life
(early neonatal death) and all-cause mortality from the 8th to the
28th day of life (late neonatal death). For our secondary outcomes,
one study (Ditai 2019) provided data on 'any hospitalisation for
neonates managed at the community setting'. For the 'incidence
of community-acquired and hospital-acquired infection' outcome,
only Larson 2005 provided data. Lastly, Larson 2000 and Larson
2005 provided data on 'study author-reported adverse events such
as skin changes and reactions to handwashing and rubs." Two
studies did not provide data for any of the listed primary and
secondary outcomes (Amortegui 1978; Sharma 2013). However,
we presented data on umbilical cord colonisation of neonates
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as reported by Amortegui 1978 under 'other important outcomes
not prespecified' because we agreed that this was an important
outcome. Ram 2020 reported only one of our secondary outcomes,
'Study author-reported adverse events'.

Interventions versus comparators

« One class of agent versus another class of agent: 2%
CHG compared to alcohol hand sanitiser (61% alcohol and
emollients) (Larson 2005)

« One class of agent versus two or more other classes of agent:
chlorhexidine gluconate (CHG) compared to non-antimicrobial
liquid detergent soap plus ten-second application of a 60%
isopropanol preparation containing emollients (Larson 2000)

« One agent versus standard care (Ditai 2019; Ram 2020)

« One agent versus another agent: betadine versus prepodyne
(Amortegui 1978)

« Head-to-head comparison of plain soap versus alcohol hand
rub versus povidone-iodine hand scrub (Sharma 2013). No data
were provided for our outcomes of interest.

Study funding sources

All included studies declared no conflicts of interest.

« Larson 2005 was funded by grant 5 ROl NR05197 from
the National Institute of Health, National Institute for
Nursing Research, in Bethesda, Maryland, USA. "The funding
organization had no influence on the design and conduct of the
study; collection, management, analysis, and interpretation of
the data; and preparation, review, or approval of the article".

« Ditai 2019 was funded by Medical Research Council/
WellcomeTrust/DfID (Global Health Trials Scheme.

« Ram 2020 had support from the Saving Lives at Birth
partners: the U.S. Agency for International Development
(USAID), the government of Norway, the Bill & Melinda Gates
Foundation, Grand Challenges Canada, and the United Kingdom
government. It was executed, and this article was prepared, by
the named authors, and did not necessarily reflect the views of
the Saving Lives at Birth partners.

« Larson 2000 was supported in part by Steris Corporation, St
Louis, MO.

« Theremaining two studies did not declare their funding sources
(Amortegui 1978; Sharma 2013).

Excluded studies

We excluded 13 studies because they did not meet our inclusion
criteria (Asare 2009; Azor-Martinez 2018; Azor-Martinez 2020;
CTRI/2016/05/006963; Darmstadt 2005; Herruzo-Cabrera 2001;
Janota 2014; Kaufman 2014; Ng 2004;NCT03078335; Ram 2017;
Webster 1989; Webster 1991). Asare 2009, Herruzo-Cabrera 2001;
Janota 2014, Ng 2004, Webster 1989 and Webster 1991 were
excluded because they were not RCTs; Azor-Martinez 2020 and Azor-
Martinez 2018 were excluded due to the wrong participant
population. Four studies were excluded because of wrong
interventions (CTRI/2016/05/006963; Darmstadt 2005; Kaufman
2014; Ram 2017).

Risk of bias in included studies

Two review authors independently assessed the methodological
quality of all included studies according to the methods described
in the Cochrane Handbook for Systematic Reviews of Interventions
(Figure 2; Figure 3) (Higgins 2022).

Figure 2. Risk of bias graph: review authors' judgements about each risk of bias item presented as percentages

across all included studies.
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Figure 3. Risk of bias summary: review authors' judgements about each risk of bias item for each included study.
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Allocation

We rated three studies as having low risk of bias for sequence
generation (Ditai 2019; Larson 2000; Ram 2020), one study as having
high risk of bias (Amortegui 1978), and two studies as having an
unclearrisk of bias (Larson 2005. Sharma 2013) One study was rated
as having low risk of bias for allocation concealment (Sharma 2013),
one study (Ditai 2019) was rated as having unclear risk of bias, and
the remaining four studies were rated as having high risk of bias
for allocation concealment (Amortegui 1978; Larson 2000; Larson
2005; Ram 2020).

Blinding

We rated two studies as low risk (Ditai 2019; Sharma 2013),
three studies as high risk (Larson 2000; Larson 2005; Ram 2020),
and one study as unclear risk (Amortegui 1978), respectively, for
performance bias.

We rated Ditai 2019 and Sharma 2013 as low risk for detection
bias, three studies as unclear risk for this domain (Amortegui 1978;
Larson 2000; Larson 2005) and one study (Ram 2020) as high risk.

Incomplete outcome data

All six included studies (Amortegui 1978; Ditai 2019; Larson 2000;
Larson 2005; Sharma 2013; Ram 2020) were rated as having low risk
of attrition bias.

Selective reporting

We rated three studies as low risk of bias (Ditai 2019; Larson 2000;
Ram 2020), two studies as unclear risk of bias (Amortegui 1978;
Larson 2005), and one study as high risk of bias (Sharma 2013),
respectively, for selective reporting.

Other potential sources of bias

Ditai 2019, Larson 2000 and Ram 2020 were rated as low risk of
bias and two studies as high risk of bias for suspected publication
bias (Amortegui 1978; Larson 2005). Amortegui 1978 did not report
whether there was a washout period before participants crossed
to a new intervention group. Larson 2005 allowed a four-week
washout period before switching interventions; however, rates of
gloving used and rates of participant contact differed significantly
between the two groups, and this was likely to have affected
outcomes. We rated Sharma 2013 as unclear risk of bias for this
domain, the trial did not report any usable data and we had no
access to the study protocol for verification.

Effects of interventions

See: Summary of findings 1 Two per cent CHG compared to alcohol
hand sanitiser (61% alcohol and emollients) for the prevention
of infections in neonates; Summary of findings 2 Alcohol-based
handrub compared to usual care for the prevention of infections
in neonates; Summary of findings 3 Four per cent chlorhexidine +
hand hygiene promotion compared to usual care for prevention of
infections in neonates

stl. One class of agent versus another class of agent

2% CHG compared to alcohol hand sanitiser (61% alcohol and
emollients)

See Summary of findings 1.

We found one study that compared one class of agent versus another
class of agent (Larson 2005)

Primary outcomes

1. Incidence of suspected infection (study author-defined) within
the first 28 days of life: This study did not assess the incidence of
suspected infection within the first 28 days of life.

2. Incidence of bacteriologically confirmed infection (types of
infection as specified by study authors) within the first 28
days of life: 2% chlorhexidine gluconate probably reduces
the overall risk of infections amongst neonates compared
to 61% alcohol hand sanitiser within the first 28 days of
life (RR 0.79, 95% confidence interval (Cl) 0.66 to 0.93; 2932
participants, 1 study; moderate-certainty evidence), number
needed to treat for an additional beneficial outcome (NNTB)
385. However, the evidence was very uncertain in regard to
the following types of infection: pneumonia (RR 0.77, 95%
Cl 0.29 to 2.03; 2932 participants, 1 study; very low-certainty
evidence), central nervous system (CNS) infection (RR 0.94, 95%
Cl 0.35 to 2.53; 2932 participants, 1 study; very low-certainty
evidence), conjunctivitis (RR 1.16, 95% CI 0.87 to 1.55; 2932
participants, 1 study; very low-certainty evidence), skin sepsis
(RR 0.56, 95% CI 0.30 to 1.04; 2932 participants, 1 study; very
low-certainty evidence) and bloodstream infection (RR 0.81,
95% ClI 0.65 to 1.02; 2932 participants, 1 study; very low-
certainty evidence; Analysis 1.1). Larson 2005 used standardised
definitions from the NNIS for the diagnosis of neonatal infection
adapted for use in neonates.

3. All-cause mortality within the first seven days of life (early
neonatal death): Not reported for this comparison

4. All-cause mortality from the 8th to the 28th day of life (late
neonatal death): Not reported for this comparison

Secondary outcomes

1. Duration of hospital stay: Not reported for this comparison

2. Any hospitalisation for neonates managed in the community
setting: Not reported for this comparison

3. Incidence of community-acquired and hospital-acquired
infection: None of our included studies reported this
outcome; our intention was to disaggregate this outcome into
community-acquired infection and hospital-acquired infection.
However, Larson 2005 reported seven clusters of bacterial
infection during this study. Four clusters were in the 2% CHG
group, and three were in the alcohol hand sanitiser group. Study
authors indicated that they were not sure if the outbreaks were
related to the interventions and stated that "because of these
uncertainties, we could not control for these clusters in the
analysis".

4. Study author-reported adverse events such as skin changes and
reactions to handwashing and rubs: The adverse outcome was
reported as mean self-reported skin change and mean observer-
reported skin change. There may be little to no difference
between the effects of 2% CHG on nurses’ skin compared to
alcohol hand sanitiser based on very low-certainty evidence for
self-reported skin change by the nurses (MD -0.80, 95% ClI -1.59
to 0.01; 119 participants, 1 study) and on observer-reported
skin change (MD -0.19, CI -0.35 to -0.03; 119 participants, 1
study; Analysis 1.2), respectively.
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2. One class of agent versus two or more other classes of agent

Chlorhexidine gluconate (CHG) compared to plain liquid soap +
60% isopropanol

We found one study that assessed one class of agent vs. two or more
other classes of agent (Larson 2000).

Primary outcomes

1. Incidence of suspected infection (author-defined in study)
within the first 28 days of life: Not reported for this comparison

2. Incidence of bacteriologically confirmed infection (types of
infection as specified by study authors) within the first 28 days
of life: Not reported for this comparison

3. All-cause mortality within the first seven days of life (early
neonatal death): Not reported for this comparison

4. All-cause mortality from the 8th to the 28th day of life (late
neonatal death): Not reported for this comparison

Secondary outcomes

1. Duration of hospital stay: Not reported for this comparison

2. Any hospitalisation for neonates managed in the community
setting: Not reported for this comparison

3. Incidence of community-acquired and hospital-acquired
infection: Not reported for this comparison

4. Study author-reported adverse events such as skin changes and
reactions to handwashing and rubs: Larson 2000 reported that
the skin condition in the plain soap was rated as better than
in the CHG group for mean 'visual score of skin condition' (MD
-1.87, 95% Cl -3.74 to -0.00; 16 participants, 1 study; very low-
certainty evidence) and mean 'hand self-assessment score' (MD
-9.25, 95% Cl -12.29 to -6.21; 16 participants, 1 study; very low-
certainty evidence; Analysis 2.1); we are uncertain whether plain
soap has a better effect on the skin compared to 4% CHG.

3. One single agent versus standard practice (usual care)

We found two studies that assessed one agent versus standard care
(usual care) (Ditai 2019; Ram 2020).

Alcohol-based handrub versus usual care

See Summary of findings 2.

Primary outcomes

1. Incidence of suspected infection (author-defined in study)
within the first 28 days of life: reported by Ditai 2019 as
total non-malaria infection. The evidence was very uncertain
whether alcohol-based handrub is better than usual care in the
prevention of suspected infection reported by mothers (RR 0.98,
Cl 0.69 to 1.39; 103 participants, 1 study; very low-certainty
evidence; Analysis 3.1).

2. Incidence of bacteriologically confirmed infection: Not reported
for this comparison

3. All-cause mortality within the first seven days of life (early
neonatal death): We are uncertain about the comparative
occurrence of early neonatal death in the alcohol-handrub
group compared to usual care (RR 0.29, Cl 0.01 to 7.00; 103
participants, 1 study; very low-certainty evidence; Analysis 3.2).

4. All-cause mortality from the 8th to the 28th day of life (late
neonatal death): We are uncertain about the comparative
occurrence of late neonatal death in the alcohol-handrub group

compared to usual care (RR0.29, Cl0.01to 7.00; 103 participants,
1 study; very low-certainty evidence; Analysis 3.3).

Secondary outcomes

1. Duration of hospital stay: Not reported for this comparison

2. Any hospitalisation for neonates managed in the community
setting: We are uncertain if the alcohol-based handrub group
was better than the 'usual care' group in reducing the rate of
hospitalisation in neonates managed in the community (RR1.75,
Cl 0.46 to 6.60; 103 participants, 1 study; very low-certainty
evidence; Analysis 3.5).

3. Incidence of community-acquired and hospital-acquired
infection: Not reported for this comparison

4. Study author-reported adverse events such as skin changes
and reactions to handwashing and rubs: Not reported for this
comparison

Four per cent chlorhexidine + hand hygiene promotion versus
standard practice (usual care)

See Summary of findings 3.

Primary outcomes

1. Incidence of suspected infection (author-defined in study)
within the first 28 days of life: Not reported for this comparison

2. Incidence of bacteriologically confirmed infection: Not reported
for this comparison

3. All-cause mortality within the first seven days of life (early
neonatal death): Not reported for this comparison

4. All-cause mortality from the 8th to the 28th day of life (late
neonatal death): Not reported for this comparison

Secondary outcomes

1. Duration of hospital stay: Not reported for this comparison

2. Any hospitalisation for neonates managed in the community
setting: Not reported for this comparison

3. Incidence of community-acquired and hospital-acquired
infection: Not reported for this comparison

4. Study author-reported adverse events such as skin changes
and reactions to handwashing and rubs: Ram 2020 assessed
potential adverse events amongst all participating households
and whether hospitalisation followed the event. Authors
reported this as events requiring hospitalisation (serious
adverse events)(neonates (RR 1.83, 95% CI 0.75 to 4.42; 246
participants, 1 study; very low-certainty evidence) and mothers
(RR 1.97, 95% CI 0.18 to 21.45; 258 participants; 1 study; very
low-certainty evidence) Analysis 3.6), and events not requiring
hospitalisation [neonates (RR 0.57, 95% ClI 0.28 to 1.15, 246
participants, 1 study; very low-certainty evidence) and mothers
(RR0.98,95% C10.06 to 15.57; 258 participants, 1 study; very low-
certainty evidence) Analysis 3.7].

4. One single agent versus another agent
Betadine versus prepodyne

None of our outcomes of interest were reported for this
comparison. However, Amortegui 1978 assessed the effects of two
iodophor products (betadine versus prepodyne) on umbilical cord
swab culture positivity.
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5. One single agent versus two or more other agents

Plain soap handwashing, alcohol handrub and povidone-iodine
hand scrub

None of our outcomes of interest were reported for this
comparison. However, Sharma 2013 assessed the effects of plain
soap handwashing, alcohol handrub and povidone-iodine hand
scrub on post-hygiene colony forming unit count.

DISCUSSION

Summary of main results

The main objective of this review was to ascertain the effectiveness
of different hand hygiene agents for the prevention of neonatal
infection in community and health facility settings. Infections
including sepsis in newborns are major causes of death (Liu 2015),
prolonged hospital stay, and early and long-term complications, as
well as huge economic burdens, particularly in low- and middle-
income countries (LMICs) (Ranjeva 2018). Contaminated hands
of mothers, other caregivers, and healthcare workers (HCWs)
are major sources of these infections; therefore, it is plausible
that good hand hygiene interventions, which are relatively cheap
and easy to implement, may reduce the incidence and burden
of infection amongst newborns. We conducted this review with
the aim of generating evidence-based statements with regard to
the effectiveness of different hand hygiene agents for preventing
infection in the newborn.

In summary, we found six studies, four of which provided data for

our prespecified outcomes (Ditai 2019; Larson 2000; Larson 2005;
Ram 2020); unfortunately, all provided evidence of low to very low
certainty. Pertaining to the primary outcomes, none of the retrieved
studies compared any form of hand hygiene practice versus
no intervention, possibly because hand hygiene is a universally
recommended aspect of hospital care (WHO 2009); hence, it would
be unlikely to have studies with the outright exclusion of some
forms of hand hygiene for ethical reasons. However, one of the
studies compared alcohol handrub to 'usual care' (Ditai 2019).
Four studies assessed the superiority or otherwise of the use of
one form of hand hygiene agent over another as regards the
prevention of non-invasive infection and invasive infection in the
newborn, however, only two of the studies provided data for some
of our listed outcomes of interest (Larson 2000; Larson 2005).
Unfortunately, the heterogeneity of assessed hand hygiene agents
and the high risk of bias of most of the included studies did not
permit any meaningful conclusions.

One class of agent versus another class of agent: 2% CHG
compared to alcohol hand sanitiser (61% alcohol and
emollients)

Two per cent chlorhexidine gluconate probably reduces the overall
Incidence of bacteriologically confirmed infection within the first 28
days of life compared to 61% alcohol hand sanitiser. Further, there
may be little to no difference between the effects of 2% CHG on
nurses’ skin compared to alcohol hand sanitiser for self-reported
skin change by the nurses and on observer-reported skin change
based on very low-certainty evidence.

One class of agent versus two or more other classes of agent:
chlorhexidine gluconate (CHG) compared to plain liquid soap +
60% isopropanol

For this comparison, we found no study that reported our
primary outcomes. One study reported adverse events of the
intervention. However, we are uncertain whether plain soap plus
60% isopropanol has a better effect on the skin of nurses compared
to 4% CHG due to very low-certainty evidence.

One agent versus no intervention: alcohol-based handrub
versus standard care (usual care)

For this comparison, we are uncertain of the effect of alcohol-based
handrub compared to usual care in the prevention of suspected
infection reported by mothers. Also, we do not have sufficient
evidence to conclude that alcohol-based hand rub was better
than 'usual care' for preventing all-cause early or late neonatal
death, duration of hospital stay, or the need for in-hospital care for
neonates studied in the community. Futhermore, we are uncertain
of the adverse effects of 4% chlorhexidine gluconate on neonates
compared to usual care.

Overall completeness and applicability of evidence

The certainty of evidence from this review was from moderate
certainty to very low certainty.The identified studies fell short in
addressing all objectives set out in the protocol for this study
based on low to very low-certainty evidence. Only one community-
based trial (Ditai 2019), assessed the effects of hand hygiene
practice on important outcomes such as all-cause mortality, the
incidence of suspected infection, and need for in-hospital care. The
trials included in this review assessed different hand antiseptic
agents, making meta-analysis not feasible. Additionally, only two
(Ditai 2019; Sharma 2013) of the included studies were conducted
in a low- or middle-income country (LMIC); however, one of
these studies was not usable as it did not provide data on any
of the prespecified outcomes of interest (Sharma 2013). It is
also important to note that most trials included in this study
were conducted in the hospital setting, specifically in neonatal
intensive care units. Caregivers in the trials were mostly nurses;
however, Ditai 2019, a community-based trial reported parental
involvement.

In view of the paucity of reliable clinical trials on this topic, no
conclusive statement can be made for now on the effectiveness of
any hand hygiene agent for preventing infection in newborns. The
challenge is the diverse nature of agents deployed for the various
trials. It probably would have been a lot better if most of the studies
had used the same or similar hand hygiene agents. Itisimportant to
note that only one study measured a clinically important infection
rate in terms of hospital-acquired infection, but this finding is of
limited value as the study authors could not confidently ascribe
the observed clustering of infection outbreaks to the interventions
(Larson 2005). Chlorhexidine, in varying concentrations and alcohol
hand sanitisers are currently recommended for hand hygiene
practice in patient care. Three studies provided data on the adverse
effects of these interventions, and fewer adverse events were
reported for plain soap Larson 2000, and disinfectant detergents
only (Larson 2005; Ram 2020). Ram 2020 reported adverse events as
events requiring hospitalisation and those without hospitalisation
of mothers and neonates. However, patterns and grading of severity
of these adverse events with respect to each type of intervention
were not described in detail.
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Thus, the applicability of findings in this review is limited by the
fact that most of the assessed trials were conducted in high-income
countries (HICs), and within hospital settings, amongst nurses
without non-healthcare worker involvement. However, antiseptic
soaps, chlorhexidine, and alcohol hand sanitisers continue to be
recommended for use during patient care.

Quality of the evidence

This review included data from two randomised controlled
trials (RCTs), three cross-over trials, and one cluster-randomised
controlled trial with low to high risk of bias across all domains
(Figure 2). Two studies were rated low risk, two studies were rated
high risk, and one study was rated unclear risk for selection bias.
One study was rated low risk and four studies were rated high risk
for allocation bias. Only one of the studies was rated low risk for
performance bias. Using the GRADE approach (Schiinemann 2013),
we rated the certainty of evidence for the primary outcomes of
incidence of study author-defined infection as moderate for 2%
CHG compared to alcohol hand sanitiser; we downgraded by one
level for serious risk of bias (Summary of findings 1).

For alcohol-based handrub versus standard care (usual care), we
downgraded the certainty of the evidence by two levels for study
author-defined infection for very serious imprecision due to wide
confidence intervals and we downgraded by another level for
serious indirectness because the trial was small and from a single
setting (Summary of findings 2). For the outcomes of late and
early all-cause mortality, comparing alcohol-based handrub versus
standard care (usual care), we downgraded the certainty of the
evidence by two levels for very serious imprecision due to very
wide confidence intervals because this was a small study. We also
downgraded the certainty of the evidence for serious indirectness
because this was a study from one setting (Summary of findings 2).

The outcome, adverse skin reactions or skin changes following
the use of various hand hygiene agents, was rated as very low
certainty; we downgraded the certainty of the evidence for this
outcome for the comparison of 2% CHG compared to alcohol hand
sanitiser (61% alcohol and emollients) by one level for serious
risk of bias due to study limitations, we downgraded by one level
for serious imprecision due to wide confidence intervals and we
downgraded by one level for serious indirectness because the
study was carried out in one setting; for 4% + 2% chlorhexidine
gluconate (CHG) versus plain liquid soap + hand sanitiser, we
downgraded the certainty of the evidence by one level for serious
risk of bias due to study limitations, we downgraded by two for
very serious imprecision and we downgraded by one for serious
indirectness because the study was from a single setting. For
adverse events requiring hospitalisation and adverse events not
requiring hospitalisation for one trial comparing 4% CHG plus
promotion of hand hygiene versus 'usual care', we downgraded
the certainty of the evidence by two levels for very serious risk of
bias due to study limitations, and we downgraded by one level
for serious imprecision due to wide confidence intervals involving
harm and benefits (Summary of findings 3).

Potential biases in the review process

This review clearly highlights the paucity of high-quality clinical
trials on the effectiveness of hand hygiene for the prevention
of infection amongst newborns. This is regarded as a limitation
of this review. An extensive search of standard databases was

conducted, and this search has been lately updated with no
additional significantly useful findings. We are not oblivious to the
likelihood of a few relevant publications in some hard-to-reach
databases currently not being accessed. If there were studies in the
databases comparing interventions with no form of hand hygiene,
such studies would have been found due to their associated ethical
importance.

One of the included trials reported on umbilical cord colonisation
rather than suspected or confirmed neonatal infection as a
prespecified outcome (Amortegui 1978). Inclusion of the study with
a suspected non-validated scale for measuring skin conditions
complicating the use of hand hygiene agents was considered
helpful, as this study provided insight into the spectrum of skin
conditions that may occur following the use of hand hygiene
agents. The prespecified outcome was author-reported skin
changes rather than grades of severity of skin conditions. To resolve
the problem of missing data in the included study with unusable
data (Sharma 2013), we contacted one of the study authors but
received no response. We had initially excluded Ram 2020 because
we felt that the trial did not meet our inclusion criteria: this
trial assessed 4% chlorhexidine gluconate plus hand hygiene
promotion. However, after discussion with Cochrane Neonatal's
Editors, it was decided to include this study in the qualitative
analysis but not the quantitative analysis.

Agreements and disagreements with other studies or
reviews

Tanner 2016 conducted a systematic review which included only
randomised controlled trials comparing surgical hand antiseptic.
The review found no conclusive evidence "that one type of
hand antisepsis was better than another in reducing surgical site
infections".

Bello 2020 conducted a systematic review which compared
the effectiveness of handwash versus handrub techniques for
preventing nosocomial infections in hospital intensive care units.
The study included RCTs, before-and-after designs, cluster-cross-
over and observational designs. Based on low-certainty evidence,
the authors concluded that handrub techniques appeared more
effective compared to handwash techniques in hospital intensive
care units.

AUTHORS' CONCLUSIONS

Implications for practice

RCTs have provided insufficient data for review authors to
determine the most effective agent for hand hygiene for prevention
of neonatal infection.

In addition, we found a paucity of data that would allow us to reach
meaningful conclusions pertaining to the superiority of one form
of antiseptic hand hygiene agent over another for prevention of
neonatalinfection. Also, the sparse available data were of moderate
to very low certainty evidence for reported outcomes.

Other critical aspects of hand hygiene such as the actual technique
of hand hygiene, particularly the seven steps and five moments
of handwashing, as well as the duration of the hand hygiene
procedure, were not measured in the included trials. These are
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also critical in influencing the effectiveness of hand hygiene for
preventing neonatal infection or the superiority of one antiseptic
agent over another. We received insufficient data from the included
trials to determine the best hand hygiene agents, resulting in
no confidence in the effect estimates due to very serious study
limitations and imprecision.

Implications for research

The findings of this review, derived from trials conducted
mostly in high-income countries (HICs), clearly call for more
carefully designed randomised controlled trials (RCTs) that
will be conducted in both HICs and low- and middle-income
countries (LMICs) to assess the effects of hand hygiene practices
on prevention of non-invasive and invasive infection amongst
newborns and infection-related mortality and morbidity, including
length of hospital stay, in order to provide information of more
widespread applicability. Future studies should measure outcomes
of invasive and non-invasive infection, as well as associated
mortality. This implies that subsequent trials should specify
accepted definitions of suspected and confirmed infection as
measurable outcomes. These future studies should adopt validated
scales by which to grade the severity of skin conditions occurring
as adverse effects of hand hygiene agents. This, along with the ease
and duration of application, may be used to assess the acceptability
of hand hygiene agents. In addition, such trials should specifically
adopt a universally recommended technique for hand hygiene such
as the seven steps and five moments of hand hygiene. It is also
important for researchers to assess compliance with hand hygiene
needs.

The use or otherwise of these hand hygiene agents depends on
their acceptability by caregivers and healthcare workers (HCWs)

which, in turn, depends on whether the agent is skin-friendly.
Conducting additional clinical trials on the effects of these hand
hygiene agents on skin reactions and skin changes amongst
caregivers and HCWs will be worthwhile.
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Study characteristics

Methods Cross-over clinical trial

Participants The actual number of nurses and neonates recruited was unclear because it was not mentioned; how-

ever, "a total of 1806 cultures were evaluated and data were reported as counts. The number of nurses
involved fluctuated between 4 and 6 in each nursery, according to the baby census". This study did not
contribute any data to our outcomes of interest.

Inclusion criteria

« Setting: 2 well-baby nurseries were selected, at Magee Women's Hospital, Pittsburgh, Pennsylvania,
USA, between October 1974 and March 1975.

« Country: USA
« Health status:
o "Two well-baby nurseries"

« Numbers: treatment (unclear); control (unclear) ["The number of nurses involved fluctuated between
4 and 6 in each nursery, according to the baby census"]

+ Age (mean + SD)
o Treatment: not reported
o Control: not reported

o Sex (M/F)
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o Treatment (M/F): not reported
o Control (M/F): not reported

Exclusion criteria

Not reported

Interventions

Treatment group

+ Betadine surgical scrub

Control group

» Prepodyne scrub

Outcomes » Nursing personnel hand colonisation
« Infants umbilical colonisation
Notes Atotal of 1806 cultures were evaluated. The study was single-blind to the nurses.
Authors did not declare their funding source.

Risk of bias
Bias Authors' judgement  Support for judgement
Random sequence genera-  High risk No randomisation was applied.
tion (selection bias)

Quote: "both products were used alternatively for handwash in each of the two

study nurseries in an effort to minimise nursery variation".
Allocation concealment High risk Not reported; probably not done
(selection bias)
Blinding of participants Unclear risk It was unclear what the study authors meant by (quote) "The study was single
and personnel (perfor- blinded to the nurses".
mance bias)
All outcomes
Blinding of outcome as- Unclear risk Quote: "the cultures were interpreted by one of the technologists in the micro-
sessment (detection bias) biology laboratory. This person was also involved in culture collection".
All outcomes

It was not stated whether this person was blinded to the intervention.
Incomplete outcome data  Low risk There was no report of attrition.
(attrition bias)
All outcomes
Selective reporting (re- Unclear risk We did not have access to the study protocol; it was unclear.
porting bias)
Other bias High risk The numbers of nurses and neonates involved in the study were not clearly

stated. Also the study did not report if there was a washout period before par-
ticipants crossed to a new intervention group.
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Study characteristics
Methods Cluster-RCT

Participants

Participants were 103 pregnant women of over 34 weeks gestation who met the eligibility criteriain a
community setting involving 10 villages (sources of data: 103 mother-neonate pairs).

Inclusion criteria: "The study village was selected if it had recorded at least ten births within the past
3 months and had one or more active VHWs and the village leaders committed to study participation
and implementation. Meanwhile, the health centres were included if they had participated previously
in community trials or research. Pregnant women of over 34 weeks gestation were recruited over a 3-
month period and followed up for 3 months postnatally".

Exclusion criteria: "The exclusion criteria included temporary visitors" (defined as any pregnant mother
found as a visitor in the home who did not stay afterward). Other clinical criteria (e.g. malaria in preg-
nancy, previous caesarean section) were not used as exclusion criteria in this pilot study due to the na-
ture of the intervention.

Interventions

Intervention: "Pregnant women in intervention villages were provided with ABHR (Alsoft V, Saraya East
Africa Co. Ltd.) at recruitment. The recruiting research midwives provided the ABHR free of charge to
each woman in a 1-l bottle for use while at home, along with a refillable 100-mL bottle for use while
travelling. The recruiting midwives trained each woman in the intervention villages on the use of ABHR,
the basic hand rub steps, and the ‘three moments for community neonatal hand hygiene’, developed
by the study team for the pilot trial. This was adopted from the WHO ‘5 Moments for Hand Hygiene’.
The three moments for community neonatal hand hygiene instructions were printed on a poster with

a pictorial illustration, which was given to the participants as instructions to display in a visible area
and follow in their homes. The poster was available in both English and the local language (Lumasa-
ba). Participants were also given Maama Kits which consisted of basic supplies, i.e. sterile gloves, plas-
tic sheets, cord ligature, razor blades, tetracycline, cotton, gauze, soap, and sanitary pads (usual care)".
Control:

Control villages: current standard care practice. Women in the control villages received the current
standard care of Maama Kits for delivery and the usual antenatal education. At the time of recruitment,
the recruiting midwives advised the women to deliver at health facilities. The midwives encouraged
women to attend postnatal checks and immunisation clinics at 6-24 h, 1-2 weeks, 6 weeks, 10 weeks,
and 14 weeks at the nearby health facilities in line with the local guidelines. The Maama Kit consisted of
basic supplies, i.e. sterile gloves, plastic sheets, cord ligature, razor blades, tetracycline, cotton, gauze,
soap, and sanitary pads.

Outcomes 1) infant sepsis (physician-defined and microbiological)
2) infant mortality
3) rate of positive infections using the WHO’s IMCI screening criteria for infection
4) early neonatal death
5) late neonatal death
6) mother-reported infant infection
7) hospitalisation

Notes Sponsor: Medical Research Council/WellcomeTrust/DfID (Global Health Trials Scheme)
Country: Uganda
Settting: "The study was conducted in ten clusters (villages) around two community health centres
(health centre three (HCIII) and health centre four (HCIV)). The HCIII was surrounded by three control
villages, while the HCIV was surrounded by five intervention and three control villages. The clusters
were rural villages located in Mbale region, Eastern Uganda. A map of the villages surrounding the tar-
geted community health centres in Mbale district was reviewed by the research team in collaboration
with the village health team workers (VHWSs). Ten villages were selected from a map of 28 villages if they

Hand hygiene for the prevention of infections in neonates (Review) 28

Copyright © 2023 The Authors. Cochrane Database of Systematic Reviews published by John Wiley & Sons, Ltd. on behalf of The Cochrane

Collaboration.



= 3 Cochrane
st g Library

Trusted evidence.
Informed decisions.
Better health.

Cochrane Database of Systematic Reviews

Ditai 2019 (continued)

were within the catchment area of the participating community health centres, were not served by an-
other community health centre, and had a village health worker."

The study also adjusted for clustering effects in the analysis.

Contact: Ditai J, INSTITUTION Sanyu Africa Research Institute (SAfRI), Mbale, Uganda
EMAIL: J.Ditai@safri.ac.ug

ADDRESS:

1 Sanyu Africa Research Institute (SAfRI), Mbale Regional Referral Hospital, Pallisa-Kumi Road Junction,
P.O Box 2190, Mbale, Uganda

2 Sanyu Research Unit, Department of Women’s and Children’s Health, Liverpool Women’s Hospital,
University of Liverpool

This study was funded by Medical Research Council/WellcomeTrust/DfID (Global Health Trials Scheme).

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-  Low risk The 10 villages were assigned to either intervention or control by simple ran-

tion (selection bias) dom sampling in a central office in Mbale in a 1:1 ratio by a person who did not
draw the map. This represented a variety of distances of villages from each
other, from market areas, from the health centres, and from the control vil-
lages, thus allowing contamination to be effectively assessed.

Allocation concealment Unclear risk No information about allocation concealment

(selection bias)

Blinding of participants Low risk It was not possible to blind women, health workers, local council leaders, or

and personnel (perfor- researchers, due to the nature of the intervention. This was unlikely to influ-

mance bias) ence microbiological outcomes and mortality.

All outcomes

Blinding of outcome as- Low risk It was not possible to blind women, health workers, local council leaders, or

sessment (detection bias) researchers, due to the nature of the intervention. This was unlikely to influ-

All outcomes ence microbiological outcomes and mortality.

Incomplete outcome data  Low risk All participants and clusters were accounted for and the attrition rate was sim-

(attrition bias) ilar across groups.

All outcomes
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Selective reporting (re- Low risk All outcomes prespecified in the protocol and method section were reported.
porting bias)

Other bias Low risk Not suspected

Larson 2000

Study characteristics
Methods Randomised controlled trial
Participants 16 full-time neonatal intensive care unit (NICU) nurses. Number of neonates not mentioned
Inclusion criteria: nurses were selected for inclusion in the study because they represented stable and
consistent staff and because approximately 70% of direct patient contacts on that unit were provided
by nurses.
«+ Setting: 1 NICU (47 beds) in a New York City children’s hospital
« Country: USA
» Health status: nurses working/babies in NICU
« Numbers: treatment (8); control (8)
+ Age (mean + SD)
o Treatment: not reported
o Control: not reported
« Sex (M/F)
o Treatment (M/F): not reported
o Control (M/F): not reported
"Nurses were eligible to participate if they worked full time on day or night shift in the NICU, had no
dermatologic conditions such as psoriasis or latex hypersensitivity, were not receiving topical or sys-
temic steroids or antibiotics, were willing to be randomly assigned to one of 2 treatment groups and
follow all study regimens, and had no holiday scheduled during the 4-week study period".
Exclusion criteria
Not reported
Interventions Treatment group
« Antiseptic detergent handwash (2% chlorhexidine gluconate) alone. Regimen: "a 2-min scrub using
a saturated surgicals sponge brush containing 25 mL of a 4% CHG-containing detergent (Scrub Care,
Exidine Saturated Surgical Scrub Brush, Allegiance Health Care, McGraw Park, IL) when coming on
duty. Handwashing with a 2% CHG product (Scrub-Care) throughout the working shift. Liberal use of
CHG-compatible lotion (Prima-Kare Lotion, Steris, St Louis, MO) during working hours (activity of CHG
is neutralised by most lotions and therefore must be used only with specially formulated nonionic
moisturising products). No restrictions or modifications of skin hygiene practices at home. Non-latex
gloves only"
Control group
« Detergent soap and alcohol hand rinse (60% alcohol and emollients)
o Regimen: "a short (15 sec) wash with mild, non-antimicrobial liquid detergent soap (Kindest Kare
BodyWash and Shampoo, Steris, St Louis, MO) followed by a 10 sec application of a 60% iso-
propanol preparation containing emollients (Cal-Stat, Steris, St Louis, MO) when coming on du-
ty (no scrub). Use of the mild, non-antimicrobial soap at work and at home to remove soil. A
short application (10-15 sec) of the alcoholic preparation throughout the working shift when hand
degerming was indicated. Liberal and scheduled (4 times/day and as needed) use of an oil-based
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skin emollient/moisturiser (Curel, Bausch & Lomb, Rochester, NY). No use of other antimicrobial
skin products at home or work. Non-latex gloves only"

Outcomes
« Changes in the numbers of colony-forming units (CFUs) on nurses’ hands
« Skin condition rating of nurses’ hands
Notes This study was supported in part by Steris Corporation, St Louis, MO.
Risk of bias
Bias Authors' judgement Support for judgement
Random sequence genera-  Low risk 16 nurses (8 per group) were randomly assigned by coin toss to 1 of 2 hand
tion (selection bias) care regimens.
Allocation concealment High risk It was not reported if allocation was concealed; probably not done

(selection bias)

Blinding of participants High risk No blinding, and 1 of the outcomes (self-rating hand skin assessment) was
and personnel (perfor- likely to be influenced by lack of blinding.
mance bias)

All outcomes

Blinding of outcome as- Unclear risk Not stated whether outcome assessors were blinded to the intervention
sessment (detection bias)

All outcomes

Incomplete outcome data  Low risk All participants were accounted for.

(attrition bias)
All outcomes

Selective reporting (re- Low risk All important outcomes were reported.
porting bias)

Other bias Low risk None was suspected.

Larson 2005

Study characteristics

Methods Controlled cross-over trial

Participants 119 nurses plus 2932 neonates. Only neonates hospitalised for longer than 24 hours on the study units
were eligible for inclusion in the study.

Inclusion criteria

« Setting: 2 neonatal intensive care units in Manhattan, New York, USA, from 1 March 2001 to 31 January
2003

« Country: New York, USA

 Health status: neonates in NICU (all neonates hospitalised for longer than 24 hours on the study units
were eligible for inclusion in the study)
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» Number: 2932 neonates. This was a cross-over design study, in which all neonates were exposed
to both the intervention and the control ["This clinical trial used a sequential cross-over design in
which each hand hygiene product was used by each study NICU in random order for 11 consecutive
months"].

« Age (mean % SD) 41.1 years; a majority (97.5%) were women
o Treatment: not reported separately from the control
o Control: not reported separately
o Sex (M/F)
o Treatment (M/F): not reported separately
o Control (M/F): not reported separately
o 116 of the included nurses were females ["the majority (97.5%) were women"].

Exclusion criteria

"Part-time and agency nurses and nurses from other units who occasionally worked in the NICU were
not eligible".

Interventions Antiseptic detergent handwash (2% chlorhexidine gluconate) vs alcohol hand sanitiser (61% alcohol
and emollients) (3M Avagard D Instant Antiseptic Hand Sanitizer with Moisturizers; 3M HealthCare, St
Paul, MN, USA)

"During the alcohol phase, a non-antimicrobial liquid soap (Kindest Kare Body Wash and Shampoo;
Steris Corporation) was also provided for use when hands were physically soiled. Hand lotion (Soft Skin
Conditioner; Steris Corporation) was provided throughout the study in both NICUs. Other hand hygiene
policies and products were standardized across both study units".

Outcomes + Healthcare-associated infection (HAI) rates in neonates per 1000 patient-days or 1000 central venous
catheter days or 1000 ventilator days

« Skin condition rating of nurses’ hands

« Microbiology of nurses’ hands ("Standardized definitions adapted for use in neonates from the Na-
tional Nosocomial Infections Surveillance system (NNIS) were used")

Notes Data collection periods were 1 March 2001 to 31 January 2002 (year 1) and 1 March 2002 to 31 January
2003 (year 2) with a month hiatus (February 2002), during which the product cross-over occurred and
the staff became accustomed to the change. During year 1, NICU 1 used CHG and NICU 2 used ALC, and
products were reversed in year 2. All staff and visitors to each NICU used the designated product. "Pri-
or to the study, a CHG product was used in both study units for traditional hand hygiene, and alcohol
hand products were not in use".

« "Trained observers used a 6-point scale to examine the hands at magnification X 3. The scale has been
shown to correlate well with other physiologic measures of skin condition. The scores range from 5
(normal, no observable scale orirritation) to 0 (extensive cracking of skin surface, widespread redden-
ing, or occasional bleeding)". In previous studies, including validation with dermatologist ratings, an
interrater agreement of more than 95% within a score 1 was consistently obtained across a spectrum
of damaged and undamaged hands".

« "Using a self-rating scale, participants gave themselves scores in 4 dimensions: appearance, intact-
ness, moisture content, and sensation. Scores ranged from 4 to 28, with higher scores indicating
healthier skin. In previous studies, self-rating scores significantly correlated with other physiologic
measures of skin condition. Observer and participant self-assessments were completed independent-

ly".

« This study was funded by grant 5 RO1 NR05197 from the National Institutes of Health, National Insti-
tute for Nursing Research, in Bethesda, Maryland, USA. "The funding organization had no influence
on the design and conduct of the study; collection, management, analysis, and interpretation of the
data; and preparation, review, or approval of the article".

Risk of bias
Bias Authors' judgement  Support for judgement
Hand hygiene for the prevention of infections in neonates (Review) 32

Copyright © 2023 The Authors. Cochrane Database of Systematic Reviews published by John Wiley & Sons, Ltd. on behalf of The Cochrane
Collaboration.



: Cochrane Trusted evidence.
= L- b Informed decisions.
1 iprary Better health. Cochrane Database of Systematic Reviews

Larson 2005 (Continued)

Random sequence genera-  Unclear risk Quote: "the clinical trial used a sequential cross-over design in which each
tion (selection bias) hand hygiene product was used by each study NICU in random order for 11
consecutive months". Randomisation process not described

Allocation concealment High risk Allocation to intervention arms was not concealed.
(selection bias)

Blinding of participants High risk No blinding, and 1 of the outcomes (self-rating hand skin assessment) was
and personnel (perfor- likely to be influenced by lack of blinding.
mance bias)

All outcomes

Blinding of outcome as- Unclear risk Not stated whether outcome assessors were blinded to the intervention
sessment (detection bias)
All outcomes

Incomplete outcome data  Low risk All participants were accounted for.
(attrition bias)
All outcomes

Selective reporting (re- Unclear risk It was unclear, as we did not have access to the study protocol.
porting bias)

Other bias High risk Rates of gloving used and rates of participant contact differed significantly in
the 2 groups; this was likely to affect outcomes.

Ram 2020
Study characteristics
Methods RCT
Participants 258 pregnant women, who at the time of the data collector’s visit were married, between 32 and 34
weeks of gestation (the trial reported adverse events on 258 mothers and 246 neonates)
Inclusion criteria
« Setting: The trial was conducted in Mirzapur, Bangladesh, a rural area approximately 60 km north-
west of Dhaka that has one tertiary-level private hospital. Demographic surveillance in the region is
ongoing and managed by Dhaka Shishu Hospital in collaboration with the International Centre for
Diarrhoeal Diseases Research, Bangladesh.
+ Health status: Mothers were recruited between 32 and 34 weeks of gestation.
« Age (median (IQR)
o Treatment: 25 (20-28)
o Control: 24 (20-29)
Exclusion criteria
+ Plans to move out of study area between enrolment and 1 month after birth
Interventions Treatment group
« chlorhexidine + health promotion (500 mL bottle of 4% chlorhexidine (7.1% chlorhexidine diglu-
conate) lotion, a formulation newly developed for this study by ACI Pharmaceuticals, Ltd. (www.aci-
bd.com/aci-pharmaceuticals/))
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Participants were informed that chlorhexidine would be replenished as needed. Health promoters rec-
ommended using one pump, which, as designed, dispensed approximately 3 mL of the chlorhexidine
product. "In the intervention group, soap was neither encouraged nor discouraged during the course
of the study. Amongst mothers and secondary caregivers (typically other adult women, adolescent
girls, fathers, or others who might provide direct care for the neonate), health promoters promoted
chlorhexidine hand cleansing before umbilical cord care and after contact with respiratory secretions.
Amongst all others who might come into contact with the neonate, including children in the household
and adult or child visitors from outside the household, health promoters promoted chlorhexidine hand
cleansing before touching the neonate and after contact with respiratory secretions. These roles [had]
specific times for hand cleansing [which] will hereafter be referred to as “recommended times.” Health
promoters also recommended hand cleansing with chlorhexidine amongst mothers at three fixed times
of day (morning, noon, and night) to assure at least a minimum number of hand cleanses per day".

Control group

Standard practices (this arm will receive maternal and neonatal health counselling which includes dis-
cussion and education about antenatal care, safe and clean delivery, recognition of danger signs for
the mother and neonate, immediate newborn care, and essential newborn care. Each mother will re-
ceive a clean delivery kit and pictorial cue cards for danger sign recognition).

Outcomes

1. Observed hand cleansing behaviour of mother with chlorhexidine or soap and water at critical times.

2. Observed hand cleansing behaviour of other household members and visitors to home with chlorhex-
idine or soap and water at critical times

Adverse events. Data collectors assessed potential adverse events amongst all participating house-
holds, recording the nature of the event and whether hospitalisation followed the event. Skin com-
plaints, such as rash, have been cited elsewhere as the most common adverse event resulting from
chlorhexidine use.

Notes

Health promoters, who were distinct from data collectors, delivered all intervention components perti-
nent to each treatment arm in a total of three visits to each participating household. Health promoters
provided maternal and neonatal health counselling to participants and interested family members in
both arms. Both treatment arms received a clean delivery kit, which included sufficient chlorhexidine
for one-time application to the umbilical stump. No additional communication regarding hand hygiene
was addressed to control participants until the completion of all data collection; in postnatal week 6,
participants in both intervention and control arms were counselled on handwashing with soap to pre-
vent diarrhoea and respiratory infections in the infant. The goal of the chlorhexidine hand cleansing
intervention was to increase hand cleansing amongst mothers and others who were likely to serve as
secondary caregivers, or who were likely to come into direct contact with the neonate; secondary care-
givers were typically adult women, other than the mother, or older girls in the home who might provide
support to the mother in caring for the newborn.

This study received support from the Saving Lives at Birth partners: the U.S. Agency for International
Development (USAID), the government of Norway, the Bill & Melinda Gates Foundation, Grand Chal-
lenges Canada, and the United Kingdom government. It was executed, and this article was prepared,
by the named authors, and does not necessarily reflect the views of the Saving Lives at Birth partners.

Risk of bias

Bias

Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Quote: "block randomization, using blocks of four, to randomly assign partic-
ipants to either the chlorhexidine intervention or to standard practices (con-
trol). The block randomization approach was used to promote balanced sam-
ple sizes across the treatment arms over the enrollment period".
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Allocation concealment High risk Probably not done. Although, (quote:) "an investigator with no access to study

(selection bias) participants constructed the assignment table. A field supervisor consulted
the assignment table to assign the participant to intervention or control".

Blinding of participants High risk Probably not done. Quote: "Health promoters, who were distinct from data

and personnel (perfor- collectors, delivered all intervention components".

mance bias)

All outcomes

Blinding of outcome as- High risk Probably not done. Quote: "the data collector used a structured questionnaire

sessment (detection bias) to inquire about the ease of chlorhexidine use, scent, skin comfort, and the oc-

All outcomes currence of skin reactions".

Incomplete outcome data  Low risk We used an intent-to-treat approach for the quantitative analyses. Quote: "Be-

(attrition bias) cause the primary objective was to evaluate the effect of the intervention on

All outcomes the mother’s complete handwashing behavior during the neonatal period, in
our intent-to-treat analysis, we excluded those mothers who had fetal loss,
stillbirths, or whose newborns died within the first 24 hours postpartum®.

Selective reporting (re- Low risk All prespecified outcomes were reported.

porting bias)

Other bias Low risk Not suspected

Sharma 2013
Study characteristics
Methods Randomised cross-over study

Participants 35 female nursing staff and all babies in NICU (actual number not reported)

Inclusion criteria

« Setting: level Il NICU of a tertiary care institute
« Country: northern India
» Health status: working nurses/babies in NICU

« Number: 35 staff nurses working for 1 year or longer in the NICU and willing to comply with instructions
related to hand hygiene

« Age(mean £SD): "25to 48 years"

o Sex (M/F)
o Treatment (M/F): female nurses
o Control (M/F): female nurses

Exclusion criteria: nurses with a history of iodine sensitivity were excluded.

Alcohol hand rub (45% 2-propanol, 30% 1-propanol, and 0.2% ethyl-hexadecyl-dimethyl-ammoni-
um-ethylsulphate) vs povidone-iodine hand scrub with 0.5% w/v available iodine vs plain (non-antimi-
crobial) soap (head-to-head comparison)

Interventions

Treatment group

« Soap: hands were washed with a plain (i.e. non-antimicrobial) bar soap for 15 seconds and rinsed
under running tap water. Hands were dried with autoclaved hand wipes after the handwash. Bar soap
was placed in a soap tray with a drainage system.

Control group
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+ Alcohol: alcohol hand rub, which accounted for 45% 2-propanol, 30% 1-propanol, and 0.2% eth-
yl-hexadecyl-dimethyl-ammonium-ethylsulphate (Sterilium, Raman and Weil Pvt Ltd., Mumbai, In-
dia). 2 mL of solution was dispensed, smeared on the hands, and allowed to dry.

« Povidone: povidone-iodine hand scrub with 0.5% w/v available iodine (Povicidal, Cadila Pharmaceu-
ticals Ltd., Dhokla, India). 2 mL of solution was applied, scrubbed for 15 seconds, and rinsed under
running tap water. Hands were dried with autoclaved hand wipes after the procedure.

Outcomes

+ Post-hygiene colony-forming unit count (CFU-C) on nurses' hands
» Absolute and percentage reduction in CFC-C on nurses' hands
« Post-hygiene low CFU-C (<50 CFU-C) on nurses' hands

Notes

« Visual Scoring of Skin Condition (VSS) scale is a 6-point scale using stereo microscopic examination
of the hands at 3 times magnification; it correlates well with other physiologic measures of skin con-
dition.

"The scores range from 6 (normal, no observable scale or irritation) to 1 (extensive cracking of skin sur-
face, widespread reddening or occasional bleeding)".

"In previous studies, including validation with dermatologist ratings, an interrater agreement of > 95%
within a score + 1 was consistently obtained over a large spectrum of damaged and undamaged hands
of various skin types".

« "The Hand Skin Assessment Form (HSAF) is a self-rating scale developed in the 1980s for subjects to
assess the condition of their hands".

"Subjects gave themselves a score from 1 to 7 in 4 dimensions: appearance, intactness, moisture con-
tent, and sensation. The possible range of scores is 4 to 28, with 28 indicating totally healthy skin. In
previous studies, scores correlated significantly with other physiologic measures of skin damage".

« "These 2 instruments used together (VSS and HSAF) provided both subjective and objective assess-
ment of skin condition, minimising bias and providing an ongoing assessment of reliability".

« "There were 14-day neutral periods for each subject prior to each intervention. During the neutral
periods, enrolled nurses received detailed instructions regarding the correct use of the hand hygiene
measures. Elbow operated taps were used. To allow the natural hand flora to establish, they were
asked to use only non-antimicrobial soaps both in the NICU and at home and elsewhere during the
neutral periods".

This study did not declare funding source.

Risk of bias

Bias

Authors' judgement  Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk Quote: "The random sequences were generated online".

Randomisation was done at the end of the first neutral period.

Allocation concealment Low risk Serially numbered opaque and sealed envelopes were opened as nurses were
(selection bias) enrolled.
Hand hygiene for the prevention of infections in neonates (Review) 36

Copyright © 2023 The Authors. Cochrane Database of Systematic Reviews published by John Wiley & Sons, Ltd. on behalf of The Cochrane

Collaboration.



: Cochrane Trusted evidence.
= L- b Informed decisions.
1 iprary Better health. Cochrane Database of Systematic Reviews

Sharma 2013 (Continued)

Blinding of participants Low risk Participants were not blinded but outcomes were unlikely to be influenced by
and personnel (perfor- lack of blinding.
mance bias)

All outcomes

Blinding of outcome as- Low risk Quote: "the microbiologist was blinded to the hand hygiene method used and
sessment (detection bias) the identity of the subjects".
All outcomes

Incomplete outcome data  Low risk There was no attrition.
(attrition bias)
All outcomes

Selective reporting (re- High risk Neonatal infection at baseline was reported; however, the result post-inter-
porting bias) vention was not available for this important outcome.
Other bias Unclear risk No access to study protocol

ABHR: alcohol based hand rub

ALC: alcohol

CFU: colony-forming unit

CFU-C: colony-forming unit count

CHG: chlorhexidine gluconate

F: female

HAI: Healthcare associated infection

HSAF: Hand Skin Assessment Form

IMCI: Integrated Management of Childhood Illness
IQR: Interquartile range

M: male

MRSA: methicillin-resistant Staphylococcus aureus
NICU: neonatal intensive care unit

NNIS: National Nosocomial Infections Surveillance System
RCT: randomised controlled trial

SCBU: special baby care unit

SD: standard deviation

VHW: village health workers

VS: vVersus

VSS: Visual Scoring of Skin Condition

w/v: weight per volume

Characteristics of excluded studies [ordered by study ID]

Study Reason for exclusion
Asare 2009 Not an RCT
Azor-Martinez 2018 Wrong patient population
Azor-Martinez 2020 Wrong patient population
CTRI/2016/05/006963 Wrong intervention
Darmstadt 2005 Wrong intervention
Herruzo-Cabrera 2001 Not an RCT
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Study Reason for exclusion
Janota 2014 Not an RCT
Kaufman 2014 Not the intervention of interest; study authors assessed hand hygiene and non-ster-

ile hand gloves vs hand hygiene alone.

NCT03078335 Wrong intervention
Ng 2004 Not an RCT
Ram 2017 Wrong intervention
Webster 1989 Not an RCT
Webster 1991 Not an RCT

Characteristics of ongoing studies [ordered by study ID]

NCT03755635
Study name Neonatal sepsis at Neonatal Intensive Care Units in Ghana
Methods Non-randomised intervention model: parallel assignment, open-label

Participants

Interventions WHO multimodal hand hygiene strategy
Age: up to 48 hours (child)

Outcomes Prevention

Starting date 1 October 2018

Contact information Korle Bu Teaching Hospital, Accra, Ghana
Notes Completed 1 May 2020

WHO: World Health Organization

DATA AND ANALYSES

Comparison 1. One class of agent versus another class of agent

Outcome or subgroup title No. of studies No. of partici- Statistical method Effect size
pants
1.1 Incidence rate of infection 1 Risk Ratio (IV, Fixed, 95% Cl) Subtotals only
1.1.1 Pneumonia 1 2932 Risk Ratio (IV, Fixed, 95% Cl) 0.77[0.29, 2.03]
1.1.2CNS 1 2932 Risk Ratio (IV, Fixed, 95% Cl) 0.94[0.35, 2.53]
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Outcome or subgroup title No. of studies No. of partici- Statistical method Effect size

pants
1.1.3 Conjunctivitis 1 2932 Risk Ratio (IV, Fixed, 95% Cl) 1.16[0.87, 1.55]
1.1.4 Skin 1 2932 Risk Ratio (IV, Fixed, 95% Cl) 0.56 [0.30, 1.04]
1.1.5 Bloodstream 1 2932 Risk Ratio (IV, Fixed, 95% Cl) 0.81[0.65, 1.02]
1.1.6 All infections 1 2932 Risk Ratio (IV, Fixed, 95% Cl) 0.79[0.66, 0.93]
1.2 Adverse events (higher 1 Mean Difference (IV, Fixed, 95% CI)  Subtotals only
score is better)
1.2.1 Mean self-reported skin 1 Mean Difference (IV, Fixed, 95% Cl)  -0.80[-1.59, -0.01]
change of nurses (mean score)
1.2.2 Mean observer-reported 1 Mean Difference (IV, Fixed, 95% Cl)  -0.19 [-0.35, -0.03]

skin changes of nurses (mean
score)

Hand hygiene for the prevention of infections in neonates (Review)
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Analysis 1.1. Comparison 1: One class of agent versus another class of agent, Outcome 1: Incidence rate of infection

2% CHG Alcohol sanitiser

Study or Subgroup log[Risk Ratio] SE Total Total

Weight

Risk Ratio
1V, Fixed, 95% CI

Risk Ratio

1V, Fixed, 95% CI

1.1.1 Pneumonia

Larson 2005 -0.25783  0.492805 1466
Subtotal (95% CI) 1466
Heterogeneity: Not applicable

Test for overall effect: Z = 0.52 (P = 0.60)

1.1.2 CNS

Larson 2005 -0.05884  0.503953 1466
Subtotal (95% CI) 1466
Heterogeneity: Not applicable

Test for overall effect: Z = 0.12 (P = 0.91)

1.1.3 Conjunctivitis

Larson 2005 0.146603  0.147529 1466
Subtotal (95% CI) 1466
Heterogeneity: Not applicable

Test for overall effect: Z = 0.99 (P = 0.32)

1.1.4 Skin

Larson 2005 -0.57335  0.313392 1466
Subtotal (95% CI) 1466
Heterogeneity: Not applicable

Test for overall effect: Z = 1.83 (P = 0.07)

1.1.5 Bloodstream

Larson 2005 -0.20679  0.116408 1466
Subtotal (95% CI) 1466
Heterogeneity: Not applicable

Test for overall effect: Z = 1.78 (P = 0.08)

1.1.6 All infections

Larson 2005 -0.24191  0.085243 1466
Subtotal (95% CI) 1466
Heterogeneity: Not applicable

Test for overall effect: Z = 2.84 (P = 0.005)

Test for subgroup differences: Chi2 = 0.00, df = 5 (P < 0.00001), I? = 0%

1466
1466

1466
1466

1466
1466

1466
1466

1466
1466

1466
1466

100.0%
100.0%

100.0%
100.0%

100.0%
100.0%

100.0%
100.0%

100.0%
100.0%

100.0%
100.0%

0.77[0.29, 2.03]
0.77 [0.29, 2.03]

0.94[0.35, 2.53]
0.94[0.35, 2.53]

1.16[0.87, 1.55]
1.16 [0.87 , 1.55]

0.56 [0.30, 1.04]
0.56 [0.30, 1.04]

0.81[0.65, 1.02]
0.81[0.65, 1.02]

0.79[0.66 , 0.93]
0.79 [0.66 , 0.93]

u

0.01

0.1

1 10 100

Favours 2% CHG Favours alcohol sanitiser
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Analysis 1.2. Comparison 1: One class of agent versus another
class of agent, Outcome 2: Adverse events (higher score is better)

Mean Difference Mean Difference
Study or Subgroup Mean Difference SE Weight 1V, Fixed, 95% CI 1V, Fixed, 95% CI
1.2.1 Mean self-reported skin change of nurses (mean score)
Larson 2005 -0.8  0.402149 100.0%  -0.80[-1.59,-0.01] _._
Subtotal (95% CI) 100.0% -0.80 [-1.59, -0.01] ‘
Heterogeneity: Not applicable
Test for overall effect: Z =1.99 (P = 0.05)
1.2.2 Mean observer-reported skin changes of nurses (mean score)
Larson 2005 -0.19 0.080555 100.0% -0.19 [-0.35, -0.03] -
Subtotal (95% CI) 100.0% -0.19 [-0.35, -0.03] ‘
Heterogeneity: Not applicable
Test for overall effect: Z = 2.36 (P = 0.02)

2 1 0 1

2
Favours alcohol sanitiser Favours 2% CHG
Comparison 2. One class of agent versus two or more other classes of agents
Outcome or subgroup title No. of studies No. of partici- Statistical method Effect size
pants
2.1 Adverse outcome (higher score is 1 Mean Difference (1V, Fixed, Subtotals only
better) 95% Cl)
2.1.1 Mean visual scoring of skin 1 16 Mean Difference (1V, Fixed, -1.87[-3.74,-0.00]
(mean score) 95% Cl)
2.1.2 Mean hand self-assessment 1 16 Mean Difference (1V, Fixed, -9.25[-12.29,
(mean score) 95% Cl) -6.21]

Analysis 2.1. Comparison 2: One class of agent versus two or more other
classes of agents, Outcome 1: Adverse outcome (higher score is better)

CHG  Liquid soap and sanitiser Mean Difference Mean Difference
Study or Subgroup Mean Difference SE Total Total Weight 1V, Fixed, 95% CI 1V, Fixed, 95% CI
2.1.1 Mean visual scoring of skin (mean score)
Larson 2000 -1.87  0.95311 8 8 100.0% -1.87 [-3.74, -0.00]
Subtotal (95% CI) 8 8 100.0% -1.87 [-3.74, -0.00]
Heterogeneity: Not applicable
Test for overall effect: Z = 1.96 (P = 0.05)
2.1.2 Mean hand self-assessment (mean score)
Larson 2000 -9.25 1.55232 8 8 100.0% -9.25[-12.29, -6.21]
Subtotal (95% CI) 8 8 100.0% -9.25[-12.29, -6.21]
Heterogeneity: Not applicable
Test for overall effect: Z = 5.96 (P < 0.00001)
Test for subgroup differences: Chi2 = 0.00, df = 1 (P < 0.00001), 12 = 0% _160 —EiO 0 SB 160
CHG Liquid soap + sanitiser
Hand hygiene for the prevention of infections in neonates (Review) 41
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Comparison 3. One agent versus standard care:

Outcome or subgroup No. of studies No. of partici- Statistical method Effect size

title pants

3.1 Total suspected in- 1 103 Risk Ratio (M-H, Fixed, 95% Cl) 0.91[0.63, 1.30]
fection

3.2 Early neonatal 1 103 Risk Ratio (M-H, Fixed, 95% Cl) 0.29[0.01, 7.00]
death

3.3 Late neonatal death 1 103 Risk Ratio (M-H, Fixed, 95% Cl) 0.29[0.01, 7.00]
3.4 Infant mortality 1 103 Risk Ratio (M-H, Fixed, 95% CI) 0.18[0.01, 3.56]
3.5 Hospitalisation 1 103 Risk Ratio (M-H, Fixed, 95% Cl) 1.75[0.46, 6.60]
3.6 SAE 1 Risk Ratio (M-H, Fixed, 95% Cl) Subtotals only
3.6.1 Neonates 1 246 Risk Ratio (M-H, Fixed, 95% Cl) 1.83[0.75, 4.42]
3.6.2 Mothers 1 258 Risk Ratio (M-H, Fixed, 95% Cl) 1.97[0.18, 21.45]
3.7 Adverse outcomes 1 Risk Ratio (M-H, Fixed, 95% CI) Subtotals only
3.7.1 Neonates 1 246 Risk Ratio (M-H, Fixed, 95% Cl) 0.59[0.30, 1.15]
3.7.2 Mothers 1 258 Risk Ratio (M-H, Fixed, 95% Cl) 0.98 [0.06, 15.57]

Analysis 3.1. Comparison 3: One agent versus standard care:, Outcome 1: Total suspected infection

Alcohol-based handrub Usual care Risk Ratio Risk Ratio

Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI

Ditai 2019 28 55 27 48 100.0% 0.91[0.63, 1.30]

Total (95% CI) 55 48 100.0% 0.91 [0.63 , 1.30]

Total events: 28 27

Heterogeneity: Not applicable 0.01 0.1 1 10 100

Test for overall effect: Z = 0.54 (P = 0.59)
Test for subgroup differences: Not applicable

Favours ABHR Favours usual care

Analysis 3.2. Comparison 3: One agent versus standard care:, Outcome 2: Early neonatal death

Alcohol-based handrub Usual care Risk Ratio Risk Ratio

Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI

Ditai 2019 0 55 1 48  100.0% 0.29[0.01, 7.00] .

Total (95% CI) 55 48 100.0% 0.29 [0.01, 7.00]

Total events: 0 1

Heterogeneity: Not applicable 0.01 01 1 10 100
Test for overall effect: Z = 0.76 (P = 0.45) Favours ABHR Favours usual care

Test for subgroup differences: Not applicable

Hand hygiene for the prevention of infections in neonates (Review)
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Analysis 3.3. Comparison 3: One agent versus standard care:, Outcome 3: Late neonatal death

Alcohol-based handrub Usual care Risk Ratio Risk Ratio

Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI

Ditai 2019 0 55 1 48 100.0% 0.29 [0.01, 7.00] .

Total (95% CI) 55 48 100.0% 0.29 [0.01, 7.00]

Total events: 0 1

Heterogeneity: Not applicable 0.0 01 1 10 100

Test for overall effect: Z = 0.76 (P = 0.45) Favours ABHR Favours usual care

Test for subgroup differences: Not applicable

Analysis 3.4. Comparison 3: One agent versus standard care:, Outcome 4: Infant mortality

Alcohol-based handrub Usual care Risk Ratio Risk Ratio

Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI

Ditai 2019 0 55 2 48 100.0% 0.17[0.01, 3.56] ¢—.__

Total (95% CI) 55 48 100.0% 0.17 [0.01, 3.56]

Total events: 0 2

Heterogeneity: Not applicable 0.0 0.1 1 10 100

Test for overall effect: Z = 1.13 (P = 0.26) Favours ABHR Favours usual care

Test for subgroup differences: Not applicable

Analysis 3.5. Comparison 3: One agent versus standard care:, Outcome 5: Hospitalisation

Alcohol-based handrub Usual care Risk Ratio Risk Ratio

Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI

Ditai 2019 6 55 3 48 100.0% 1.75[0.46 , 6.60]

Total (95% CI) 55 48 100.0% 1.75[0.46 , 6.60]

Total events: 6 3

Heterogeneity: Not applicable 0.01 01 1 10 100

Test for overall effect: Z = 0.82 (P = 0.41) Favours ABHR Favours usual care

Test for subgroup differences: Not applicable

Hand hygiene for the prevention of infections in neonates (Review)
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Analysis 3.6. Comparison 3: One agent versus standard care:, Outcome 6: SAE

4% CHG+hygiene promo Usual care Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
3.6.1 Neonates
Ram 2020 13 124 7 122 100.0% 1.83[0.75, 4.42] _.._
Subtotal (95% CI) 124 122 100.0% 1.83[0.75, 4.42] ‘
Total events: 13 7

Heterogeneity: Not applicable
Test for overall effect: Z = 1.34 (P = 0.18)

3.6.2 Mothers

Ram 2020 2 130 1 128  100.0% 1.97[0.18, 21.45] __._
Total events: 2 1

Heterogeneity: Not applicable
Test for overall effect: Z = 0.56 (P = 0.58)

Subtotal (95% CI) 130 128 100.0% 1.97 [0.18, 21.45] ‘

Test for subgroup differences: Chi? = 0.00, df = 1 (P < 0.00001), I> = 0% 0.61 0?1 1 1'0

100

Favours 4%CHG+hyg promo Favours usual care
Analysis 3.7. Comparison 3: One agent versus standard care:, Outcome 7: Adverse outcomes
4% CHG+handhygiene promo Usual care Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
3.7.1 Neonates
Ram 2020 12 124 20 122 100.0% 0.59[0.30, 1.15]
Subtotal (95% CI) 124 122 100.0% 0.59 [0.30, 1.15]
Total events: 12 20
Heterogeneity: Not applicable
Test for overall effect: Z = 1.54 (P = 0.12)
3.7.2 Mothers
Ram 2020 1 130 1 128 100.0% 0.98 [0.06, 15.57]
Subtotal (95% CI) 130 128 100.0% 0.98 [0.06 , 15.57]
Total events: 1 1
Heterogeneity: Not applicable
Test for overall effect: Z = 0.01 (P = 0.99)
Test for subgroup differences: Chiz = 0.00, df = 1 (P < 0.00001), 12 = 0% bl o1 H T 1o
Favours CHG+hygiene promo Favours usual care

APPENDICES

Appendix 1. Cochrane CRS strategy

Cochrane CRS

December-12-2022

1 (infant or infants or infant's or infantile or infancy or newborn* 100164
or new born or new borns or newly born or neonat* or baby* or
babies or premature or prematures or prematurity or preterm
or preterms or pre term or premies or preemie or preemies or
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(Continued)
low birth weight or low birthweight or VLBW or LBW or ELBW or
NICU) AND CENTRAL:TARGET
2 MESH DESCRIPTOR Infant, Newborn EXPLODE ALL AND CEN- 18097
TRAL:TARGET
3 #2 OR#1 100164
4 MESH DESCRIPTOR Hand Hygiene EXPLODE ALL AND CEN- 526
TRAL:TARGET
5 MESH DESCRIPTOR Hand Disinfection EXPLODE ALL AND CEN- 451
TRAL:TARGET
6 MESH DESCRIPTOR Hand Sanitizers EXPLODE ALL AND CEN- 43
TRAL:TARGET
7 (handwash* or handrub* or hand-wash* or hand-rub* or 1056
handgel or handgels or hand-gel or hand-gel):ti,ab,kw AND
CENTRAL:TARGET
8 ((hand or hands) NEAR3 (alcohol* or antiinfect* or anti-infect* 1624
or antisep* or aseps* or aseptic* or chlorhexidin* or clean* or
decontaminat™ or disinfect* or ethanol* or hygiene or hygien-
ic* or propanol* or rub or rubs or rubbing or saniti* or scrub*
or soap? or soaping or sterili* or triclosan* or wash* or wipe* or
wiping)):ti,ab,kw AND CENTRAL:TARGET
9 (hand* NEAR2 chlorine adj2 derivative*):ti,ab,kw AND CEN- 0
TRAL:TARGET
10 (hand* NEAR2 iodine chloroxylenol):ti,ab,kw AND CEN- 0
TRAL:TARGET
11 (hand* NEAR2 quaternary ammonium compound*):ti,ab,kw 0
AND CENTRAL:TARGET
12 (scrub* NEAR2 surgical):ti,ab,kw AND CENTRAL:TARGET 106
13 #4 OR#5 OR #6 OR #7 OR #8 OR #9 OR #10 OR #11 OR #12 1984
14 MESH DESCRIPTOR Hand EXPLODE ALL AND CENTRAL:TARGET 2568
15 (hand or hands):ti,ab,kw AND CENTRAL:TARGET 38089
16 #14 OR #15 38950
17 MESH DESCRIPTOR Bacterial Infections EXPLODE ALL WITH 42
QUALIFIER PC AND CENTRAL:TARGET
18 MESH DESCRIPTOR Cross Infection EXPLODE ALL AND CEN- 1417
TRAL:TARGET
19 MESH DESCRIPTOR Hygiene EXPLODE ALL AND CENTRAL:TAR- 2736
GET
20 MESH DESCRIPTOR Infection Control EXPLODE ALL AND CEN- 1346

TRAL:TARGET

Hand hygiene for the prevention of infections in neonates (Review)
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(Continued)

21 MESH DESCRIPTOR Disinfectants EXPLODE ALL AND CEN- 3864
TRAL:TARGET

22 MESH DESCRIPTOR Solutions EXPLODE ALL AND CENTRAL:TAR- 10857
GET

23 MESH DESCRIPTOR Alcohols EXPLODE ALL AND CENTRAL:TAR- 40097
GET

24 MESH DESCRIPTOR Anti-Infective Agents, Local EXPLODE ALL 9575
AND CENTRAL:TARGET

25 MESH DESCRIPTOR Soaps EXPLODE ALL AND CENTRAL:TARGET 257

26 MESH DESCRIPTOR Antisepsis EXPLODE ALL AND CEN- 130
TRAL:TARGET

27 MESH DESCRIPTOR Disinfection EXPLODE ALL AND CEN- 404
TRAL:TARGET

28 MESH DESCRIPTOR Sterilization EXPLODE ALL AND CEN- 551
TRAL:TARGET

29 MESH DESCRIPTOR Chlorhexidine EXPLODE ALL AND CEN- 2557
TRAL:TARGET

30 MESH DESCRIPTOR Triclosan EXPLODE ALL AND CENTRAL:TAR- 434
GET

31 MESH DESCRIPTOR Quaternary Ammonium Compounds EX- 5126
PLODE ALL AND CENTRAL:TARGET

32 #17 OR #18 OR#19 OR #20 OR #21 OR #22 OR #23 OR #24 OR#25 63104
OR #26 OR #27 OR #28 OR #29 OR #30 OR #31

33 #3 AND #13 323

34 #3 AND #16 AND #32 115

35 #33 OR#34 362

Appendix 2. MEDLINE strategy

Ovid MEDLINE(R) and Epub Ahead of Print, In-Process, In-Data-Review & Other

Non-Indexed Citations, Daily and Versions 1946 to December 09, 2022

# Searches Results
1 exp Hand Hygiene/ 8023
2 exp Hand Disinfection/ 6303
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(Continued)
3 Hand sanitizers/ 348
4 (handwash* or handrub* or hand-wash* or hand-rub* or handgel? or hand- 7203
gel?).ti,ab,kw,kf.
5 ((hand or hands) adj3 (alcohol* or antiinfect* or anti-infect* or antisep* or 13807
aseps* or aseptic* or chlorhexidin* or clean* or decontaminat™ or disinfect* or
ethanol* or hygiene or hygienic* or propanol* or rub or rubs or rubbing or san-
iti* or scrub™ or soap? or soaping or sterili* or triclosan* or wash* or wipe* or
wiping)).ti,ab,kw,kf.
6 (hand* adj2 chlorine adj2 derivative*).ti,ab,kw,kf. 0
7 (hand* adj2 iodine chloroxylenol).ti,ab,kw,kf. 0
8 (hand* adj2 quaternary ammonium compound®).ti,ab,kw,kf. 4
9 (scrub* adj2 surgical).ti,ab,kw,kf. 421
10 or/1-9 [Hand Hygiene] 18126
11 exp Hand/ 86364
12 hand?.ti,ab,kw,kf. 487892
13 or/11-12 [Hands] 530818
14 exp Bacterial Infections/pc 100498
15 exp Cross Infection/pc 25747
16 exp Hygiene/ 45117
17 exp Infection Control/ 69871
18 exp Disinfectants/ 74478
19 exp Solutions/ 135506
20 exp Alcohols/ 674334
21 exp soaps/ 2718
22 exp antisepsis/ 4592
23 exp disinfection/ 17071
24 exp sterilization/ 33595
25 exp chlorhexidine/ 9270
26 exp triclosan/ 3253
27 exp Anti-Infective Agents, Local/ 255655
28 or/14-27 [infection prevention; antiinfective agents; hygiene] 1178745
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29 exp infant, newborn/ 663647
30 (infant or infants or infant? or infantile or infancy or newborn* or new born or 994149
new borns or newly born or neonat* or baby* or babies or premature or pre-
matures or prematurity or preterm or preterms or pre term or premies or low
birth weight or low birthweight or VLBW or LBW or ELBW or NICU).ti,ab,kw,kf.
31 or/29-30 [Filter: Neonatal Population 2021--MEDLINE] 1277026
32 randomized controlled trial.pt. 582235
33 controlled clinical trial.pt. 95125
34 (randomized or randomised).ti,ab. 755923
35 placebo.ab. 233827
36 drug therapy.fs. 2553906
37 randomly.ab. 397137
38 trial.ab. 626605
39 groups.ab. 2444627
40 (quasirandom™ or quasi-random®).ti,ab. 5464
41 exp animals/ not humans.sh. 5071725
42 (or/32-40) not 41 [RCT Filter-Sensitivity Max ] 4853141
43 systematic review.pt. 214130
44 (systematic adj2 review).ti. 206655
45 meta analysis/ 171945
46 (meta-analysis or metaanalysis).ti,ab,kw. 221763
47 (cochrane or systematic review?).jw. 19587
48 overview of reviews.ti. 109
49 or/43-48 [SR filter] 386925
50 10 and 31 and 42 [Hand Hygiene & Neonate & RCT] 355
51 13 and 28 and 31 and 42 [Hands & Hygiene/Infection Control etc & Neonate & 261
RCT]
52 or/50-51 [RCT Results MEDLINE] 457
53 10 and 31 and 49 [Hand Hygiene & Neonate & SR] 39
54 13 and 28 and 31 and 49 [Hands & Hygiene/Infection Control etc & Neonate & 41
SR]
Hand hygiene for the prevention of infections in neonates (Review) 48
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55 52 or 54 [Results] 469
Appendix 3. Embase strategy
Embase 1974 to 2022 December 09
# Searches Results
1 hand washing/ or hand disinfection/ or hand sanitizer/ 20444
2 (handwash* or handrub* or hand-wash* or hand-rub* or handgel? or hand- 9381
gel?).ti,ab,kw.
3 ((hand or hands) adj3 (alcohol* or antiinfect* or anti-infect* or antisep* or 18795
aseps* or aseptic* or chlorhexidin* or clean* or decontaminat* or disinfect* or
ethanol* or hygiene or hygienic* or propanol* or rub or rubs or rubbing or san-
iti* or scrub* or soap? or soaping or sterili* or triclosan* or wash* or wipe* or
wiping)).ti,ab,kw.
4 (hand* adj2 chlorine adj2 derivative*).ti,ab,kw. 0
5 (hand* adj2 iodine chloroxylenol).ti,ab,kw. 0
6 (hand* adj2 quaternary ammonium compound*).ti,ab,kw. 6
7 (scrub* adj2 surgical).ti,ab,kw. 473
8 or/1-7 [Hand Hygiene] 29789
9 exp Hand/ 91951
10 hand?.ti,ab,kw. 650441
11 or/9-10 [Hands] 696645
12 exp bacterial infection/pc [Prevention] 83591
13 exp cross infection/pc [Prevention] 10339
14 exp hygiene/ 88086
15 exp infection control/ 119034
16 exp disinfectant agent/ 544106
17 exp "solution and solubility"/ 276760
18 exp alcohol derivative/ 523770
19 exp alcohol/ 286815
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20 exp topical antiinfective agent/ 678358
21 exp soap/ 4926
22 exp antisepsis/ 3773
23 exp disinfection/ 31698
24 exp instrument sterilization/ 21468
25 exp chlorhexidine/ 20871
26 exp triclosan/ 6220
27 exp quaternary ammonium derivative/ 87743
28 or/12-27 [Disinfection, Hygiene etc] 1487294
29 Newborn/ 584101
30 Prematurity/ 120171
31 (infant or infants or infant? or infantile or infancy or newborn* or new born or 1164340
new borns or newly born or neonat* or baby* or babies or premature or pre-
matures or prematurity or preterm or preterms or pre term or premies or pre-
emie or preemies or low birth weight or low birthweight or VLBW or LBW or
ELBW or NICU).ti,ab,kw.
32 or/29-31 [Cochrane Neonatal standard search terms-EMBASE] 1385093
33 Randomized controlled trial/ or Controlled clinical study/ 931563
34 randomS.ti,ab,kw. 1871160
35 Randomization/ 95675
36 placebo.ti,ab,kw. 350891
37 ((double or single or doubly or singly) adj (blind or blinded or blind- 263673
ly)).ti,ab,kw.
38 double blind procedure/ 201486
39 (controlled adj7 (study or design or trial)).ti,ab,kw. 425629
40 parallel group$1.ti,ab. 30519
41 (crossover or cross over).ti,ab. 119558
42 ((assign$ or match or matched or allocation) adj5 (alternate or group$1 or in- 394379
tervention$1 or patient$1 or subject$1 or participant$1)).ti,ab.
43 (open adj label).ti,ab. 102224
44 or/33-43 [ RCT-EMBASE; terms based on Cochrane Central strategy] 2659853
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45 (exp animals/ or exp invertebrate/ or animal experiment/ or animal model/ or 24435743
animal tissue/ or animal cell/ or nonhuman/) and (human/ or normal human/
or human cell/)
46 exp animals/ or exp invertebrate/ or animal experiment/ or animal model/ or 31477763
animal tissue/ or animal cell/ or nonhuman/
47 46 not 45 [Animal exclusion-] 7042020
48 44 not 47 [Filter: RCT-EMBASE] 2379119
49 (systematic adj2 review).ti. 243564
50 meta analysis/ 264492
51 (meta-analysis or metaanalysis).ti,ab,kw. 286383
52 (cochrane or systematic review?).jx. 30842
53 overview of reviews.ti. 115
54 or/49-53 [SR filter-EMBASE] 485720
55 8 and 32 and 48 [Hand Hygiene & Neonate & RCT] 242
56 11 and 28 and 32 and 48 [Hands and Disinfection & Neonate & RCT] 174
57 or/55-56 [RCT results EMBASE] 313
58 8 and 32 and 54 [Hand Hygiene & Neonate & SR] 43
59 11 and 28 and 32 and 54 [Hands and Disinfection & Neonate & SR] 40
60 or/58-59 [SR Results] 71
61 or/57,60 [Embase results] 349
Appendix 4. CINAHL search strategy
CINAHL Complete (Ebscohost)
December-12-2022
Search screen: Advanced Search
# Query Results
1 hand hygiene 4,279
2 (MH "Handwashing") OR (MH "Surgical Scrubbing") 9,822
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(Continued)
3 Tl ( (handwash* or handrub* or hand-wash* or hand-rub*) ) OR AB ( (hand- 10,920
wash* or handrub* or hand-wash* or hand-rub*) ) OR SU ( (handwash* or han-
drub* or hand-wash* or hand-rub*))
4 Tl ( ((hand or hands) N3 (alcohol* or antiinfect* or anti-infect* or antisep* or 7,687
aseps* or aseptic* or chlorhexidin* or clean* or decontaminat* or disinfect* or
ethanol* or hygiene or hygienic* or propanol* or rub or rubs or rubbing or san-
iti* or scrub* or soap? or soaping or sterili* or triclosan* or wash* or wipe* or
wiping)) ) OR AB ( ((hand or hands) N3 (alcohol* or antiinfect* or anti-infect*
or antisep* or aseps* or aseptic* or chlorhexidin* or clean* or decontaminat*
or disinfect” or ethanol* or hygiene or hygienic* or propanol* or rub or rubs
or rubbing or saniti* or scrub* or soap? or soaping or sterili* or triclosan* or
wash* or wipe* or wiping)) )
5 Tl (surgical N2 scrub*) OR AB (surgical N2 scrub*) OR SU (surgical N2 scrub*) 344
6 S10ORS20RS30ORS40RS5 13,190
7 (TI (infant or infants or infantile or infancy or newborn* or "new born" or "new 255,167
borns" or "newly born" or neonat* or baby* or babies or premature or prema-
tures or prematurity or preterm or preterms or "pre term" or premies or "low
birth weight" or "low birthweight" or VLBW or LBW) ) OR ( AB (infant or infants
or infantile or infancy or newborn* or "new born" or "new borns" or "newly
born" or neonat™ or baby* or babies or premature or prematures or prematu-
rity or preterm or preterms or "pre term" or premies or "low birth weight" or
"low birthweight" or VLBW or LBW) )
8 (MH "Infant, Large for Gestational Age") OR (MH "Infant, Low Birth Weight+") 38,675
OR (MH "Infant, Postmature") OR (MH "Infant, Premature")
9 S70RS8 260,427
10 (MH "Randomized Controlled Trials+") OR (MH "Triple-Blind Studies") OR (MH 145,118
"Single-Blind Studies")
11 Tl (randomized or randomised or randomly OR placebo ) OR AB ( randomized 388,529
or randomised or randomly OR placebo)
12 Tl (control* N2 trial) OR AB (control* N2 trial) 163,977
13 PT randomized controlled trial 148,888
14 Tl (quasirandom™ or quasi-random*) OR AB (quasirandom™ or quasi-random*) 2,221
15 S100RS11 ORS120RS13 ORS14 434,223
16 S6 AND S9 AND S15 55
17 PT (systematic review) 136,882
18 (MH "Meta Analysis") 67,300
19 (MH "Systematic Review") 116,411
20 Tl (systematic N2 review) 105,511
21 Tl (meta-analysis or metaanalysis) OR AB (meta-analysis or metaanalysis) 99,900
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22 Tl (overview N2 (review or reviews)) OR AB (overview N2 (review or reviews)) 2,692
23 S17 OR S18 OR S19 OR S20 OR S21 OR S22 228,929
24 S6 AND S9 AND S23 33
25 S24 ORS16 80
Appendix 5. Trial registry search terms
Date
12-12-2022 clinicaltrials gov hand hygiene AND neonate [Other terms] 19
12-12-2022 clinicaltrials gov handwash AND neonate [other terms] 20
12-12-2022 clinicaltrials gov handrub AND neonate [other terms] 5
12-12-2022 clinicaltrials gov hand disinfection AND neonate [other terms] 1
12-12-2022 clinicaltrials gov hand sanitizer AND neonate [other terms] 2
12-12-2022 clinicaltrials gov hand sanitzing AND neonate [other terms] 0
12-12-2022 clinicaltrials gov hand sanitization AND neonate [other terms] 1
12-12-2022 hand hygiene neonatal 12
12-12-2022 ICTRP handwash neonate [homepage search box] 0
12-12-2022 ICTRP handwash neonatal [homepage search box] 0
12-12-2022 ICTRP handwashing AND neonate [homepage search box] 1
12-12-2022 ICTRP handwashing neonatal [homepage search box] 4
12-12-2022 ICTRP handrub neonate / handrub neonatal 2
12-12-2022 ICTRP hand disinfection AND neonate [homepage search box] 0
12-12-2022 ICTRP hand sanitizer AND neonate 0
12-12-2022 ICTRP hand sanitzing AND neonate 0
12-12-2022 ICTRP hand sanitization AND neonate 0
12-12-2022 ICTRP hand disinfection neonatal 0
12-12-2022 ICTRP hand hygiene neonatal 12
12-12-2022 ICTRP hand sanitizer neonatal 1
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80

Appendix 6. Risk of bias tool

1. Sequence generation (checking for possible selection bias). Was the allocation sequence adequately generated?
For each included study, we categorised the method used to generate the allocation sequence as:

o low risk (any truly random process, e.g. random number table; computer random number generator);
« high risk (any non-random process, e.g. odd or even date of birth; hospital or clinic record number); or
« unclear risk.

2. Allocation concealment (checking for possible selection bias). Was allocation adequately concealed?
For each included study, we categorised the method used to conceal the allocation sequence as:

« lowrisk (e.g. telephone or central randomisation; consecutively numbered sealed opaque envelopes);
« high risk (open random allocation; unsealed or non-opaque envelopes; alternation; date of birth); or
« unclear risk.

3. Blinding of participants and personnel (checking for possible performance bias). Was knowledge of the allocated intervention
adequately prevented during the study?

Foreachincluded study, we categorised the methods used to blind study participants and personnel from knowledge of which intervention
a participant received. Blinding was assessed separately for different outcomes or classes of outcomes. We categorised the methods as:

« low risk, high risk, or unclear risk for participants; and
« low risk, high risk, or unclear risk for personnel.

4. Blinding of outcome assessment (checking for possible detection bias). Was knowledge of the allocated intervention adequately
prevented at the time of outcome assessment?

For each included study, we categorised the methods used to blind outcome assessment. Blinding was assessed separately for different
outcomes or classes of outcomes. We categorised the methods as:

« low risk for outcome assessors;
« high risk for outcome assessors; or
« unclear risk for outcome assessors.

5. Incomplete outcome data (checking for possible attrition bias through withdrawals, dropouts, protocol deviations). Were incomplete
outcome data adequately addressed?

For eachincluded study and for each outcome, we described the completeness of data including attrition and exclusions from the analysis.
We noted whether attrition and exclusions were reported, the numbers included in the analysis at each stage (compared with the total
randomised participants), reasons for attrition or exclusion when reported, and whether missing data were balanced across groups or
were related to outcomes. When sufficient information was reported or supplied by the trial authors, we re-included missing data in the
analyses. We categorised the methods as:

« low risk (<20% missing data);
« high risk (= 20% missing data); or
o unclearrisk.

6. Selective reporting bias. Are reports of the study free of the suggestion of selective outcome reporting?

For each included study, we described how we investigated the possibility of selective outcome reporting bias and what we found. For
studies in which study protocols were published in advance, we compared prespecified outcomes versus outcomes eventually reported in
the published results. If the study protocol was not published in advance, we contacted study authors to gain access to the study protocol.
We assessed the methods as:

o low risk (when it is clear that all of the study's prespecified outcomes and all expected outcomes of interest to the review have been
reported);
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« high risk (when not all of the study's prespecified outcomes have been reported; one or more reported primary outcomes were not
prespecified outcomes of interest and are reported incompletely and so cannot be used; study fails to include results of a key outcome
that would have been expected to have been reported); or

« unclearrisk.

7. Other sources of bias. Was the study apparently free of other problems that could put it at high risk of bias?

For each included study, we described any important concerns we had about other possible sources of bias (e.g. whether there was a
potential source of bias related to the specific study design, whether the trial was stopped early due to some data-dependent process). We
assessed whether each study was free of other problems that could put it at risk of bias as:

o lowrisk;
« highrisk; or
« unclearrisk.

If needed, we explored the impact of the level of bias through undertaking sensitivity analyses.

WHAT'S NEW

Date Event Description

2 June 2023 New citation required but conclusions Segun Bello and Delia Horn joined the author team
have not changed

2 June 2023 New search has been performed Search updated December 2022

HISTORY

Protocol first published: Issue 5,2019
Review first published: Issue 1,2021

Date Event Description

27 May 2021 Amended Minor edits to forest plots.

CONTRIBUTIONS OF AUTHORS

BPK and EEU screened title/abstracts and full texts for inclusion.

DH resolved conflicts.

CO and OO extracted data.

00 entered data into RevMan.

SB and TAO cross-checked data for completeness and accuracy.

All authors contributed to the concept and the design of the review and appraised and approved the final draft.
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SOURCES OF SUPPORT

Internal sources

« None, Other
None

External sources

« Vermont Oxford Network, USA

Cochrane Neonatal Reviews are produced with support from Vermont Oxford Network, a worldwide collaboration of health
professionals dedicated to providing evidence-based care of the highest quality for newborn infants and their families.

DIFFERENCES BETWEEN PROTOCOL AND REVIEW

Search strategies were revised to increase the sensitivity of hand hygiene terms and now include relevant phrases such as handgel and
handrub in addition to original terms.

NOTES

A previous version of this Cochrane Review had been withdrawn from publication due to errors identified in the data extraction process
and in the reporting of results and, as such, the findings of the review may not have been reliable (Kuti 2021b).

This current review represents a new version of the review which has addressed previous concerns.
INDEX TERMS

Medical Subject Headings (MeSH)

*Anti-Infective Agents, Local [therapeutic use]; Ethanol; *Hand Hygiene; *Perinatal Death; Soaps

MeSH check words

Female; Humans; Infant, Newborn; Pregnancy
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