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ABSTRACT

Rationale: High levels of preventable infection still occur among mother and
newborns. This burden is concentrated in low and middle-income countries (LMICs)
where increasing numbers of women attend facilities for childbirth. Poor quality of care
contributes to this burden. Birth attendants’ hand hygiene in healthcare facilities is a

key infection prevention opportunity.

Objectives and methods: To assess existing evidence on birth attendants’ hand
hygiene compliance in LMIC facilities by systematically reviewing the literature. To
describe the enabling environment for hand hygiene in Zanzibar maternity wards
(Tanzania) using a mixed-methods cross-sectional survey. To develop a tool to capture
the complex patterns of hand hygiene performed by birth attendants using time-&-
motion methods. To assess the compliance of Zanzibar birth attendants to hand
rubbing/washing, avoiding recontamination and glove use before aseptic procedures
using time-&-motion methods and descriptive statistics. To assess the determinants of
Zanzibar birth attendants’ hand rubbing/washing and of avoiding recontamination

before aseptic procedures using time-&-motion, a survey, and analytical methods.

Findings: We found only nine studies — often with poor methods and definitions — that
quantitatively examine birth attendants’ hand hygiene in LMICs facilities; amongst the
three with better definitions and sample sizes, compliance ranged from 1-28%. The
HANDS at birth tool was developed using time-&-motion software, which allowed all
birth attendants’ actions to be captured and operationalised. Only 9.6% of Zanzibar
birth attendants hand rubbed/washed, donned gloves and avoided recontamination
before aseptic procedures. Half of the time when rubbing/washing or glove donning
was performed, hands were recontaminated. Analysis of determinants found
rubbing/washing was associated with lower workload (Adjusted Odds Ratio= 29.39),
and availability of single-use drying material (AOR=2.9). Avoiding glove
recontamination was associated with less time elapsed since glove donning
(AOR=4.49).

Conclusion: Further research should examine the extent to which failure to avoid
recontamination contributes to poor hand hygiene and what effective behaviour change

strategies could tackle it.
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PREFACE

This thesis is structured as a “Research Paper” style thesis as per the London School
of Hygiene and Tropical Medicine regulations. The thesis includes five objectives that
are addressed in five different chapters. Each of these five result chapters includes a
preamble with a detailed description of the role of the candidate. Publication details

and co-author contributions are included in the cover sheets for each manuscript.
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1. BACKGROUND

1.1. The burden of healthcare associated infections at birth: the

case for hand hygiene

Globally, infection contributes to at least 9% of maternal deaths’ and 16% of neonatal
deaths? and the vast majority of this burden is concentrated in low and middle income
countries (LMICs). Clean delivery is essential to prevent maternal and newborn
infection contracted at the time of birth.® In turn, cleanliness of birth attendants’ hands
is fundamental to ensure a clean delivery, especially when hands are in direct contact
with entry sites for potential pathogens, but also to ensure cleanliness of other
procedures. For example, a clean cord-cut requires clean blades and cord clamps, but
hands also need to be clean; otherwise, they might contaminate the cord-cutting

instruments.

The link between hand hygiene and maternal genital tract sepsis in healthcare facilities
was established by Gordon and Semmelweiss over two centuries ago, and more
recent evidence exists on the association between hand hygiene and healthcare
associated infections (HAIs) in infants.*® In LMICs, an estimated 15.5% of patients
contract HAIs, whereas the European Centre for Disease Prevention and Control
(ECDC) estimates that 6% of patients in Europe contracted at least one HAls in acute
care settings in 2012.”® Infection among newborns born in hospitals in LMICs are

estimated to be 3-20 times higher than in high-income countries (HICs).®?

HAIls pose a high burden for individuals in terms of immediate health impact and
longer-term disability. There is also a large cost incurred by the health system —
Europe, for example, spends an estimated €13—24 billion on HAls annually.
Furthermore, there is a moral burden in that the healthcare system is meant to improve

health, not cause harm.

The importance of tackling HAIs is increasingly recognized, and hand hygiene is now
considered a core solution, especially given the rising concerns posed by antimicrobial
resistance in LMICs."" The World Health Organization (WHO) World Alliance for
Patient Safety launched the first Global Patient Safety Challenge — “Clean Care is
Safer Care” — in 2005, aiming to improve hand hygiene in healthcare settings.®
Alongside these international efforts, national hand hygiene campaigns have been
launched successfully in England and Wales, Germany and Belgium in the European

t.12

context.'? At least eighteen LMICs have joined the campaign since 2005."
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The campaign deployed in England and Wales, which preceded the WHO one,
included provision of bedside alcohol-based antiseptic handrub, ward posters, patient
empowerment materials, audit and feedback, and guidance to secure institutional
engagement.’? These are also now core components of the WHO “Clean Care is Safer
Care” Campaign. The campaign in England and Wales tripled the procurement of
alcohol-based handrub. Procurement was associated with lower levels of MRSA
bacteremia and C. difficile infections.' In the African context, the WHO campaign was
successfully implemented in Mali where hand hygiene behaviour improved

substantially.™

Research and routine implementation efforts suggest that hand hygiene is a cost-
effective way to prevent HAls, yet ensuring or increasing compliance to hand hygiene
in healthcare settings has not been straightforward.’®'®"'® A WHO review of observed
hand hygiene compliance reports baseline rates from 5% to 89%.'° The systematic
review by Erasmus et al. estimates a median compliance of 40% in HICs (range: 4% -
100%), with hand hygiene technique and duration also being generally substandard.
Less is known about the hand hygiene compliance in LMICs, particularly in maternity
wards; this is a current gap.""'*?' Unpublished research by the Soapbox Collaborative
in one maternity unit in India and one in the Gambia found average hand hygiene

compliance at 22% and 17% respectively (personal communication).??

At every delivery, a birth attendant is ideally required to rub/wash her or his hands at
least six times.?® With an average 380,000 deliveries per day worldwide,?* the vast
majority of which are in low-resource settings and about half of which are in healthcare
facilities,? this translates into approximately 1.1 million hand hygiene actions that are
required per day among facility birth attendants globally. Hence, hand hygiene during
labour and delivery represents an infection prevention opportunity that the public health

community ought to get right.

1.2. Definition and measurement of hand hygiene in healthcare

facilities

This next section covers the definition of hand hygiene, including the actions involved
in it, the rationale for focusing on hand hygiene before clean/aseptic procedures, and

the way that hand hygiene is measured in healthcare facilities.

18



1.2.1. The act of hand rubbing/washing

The WHO Guidelines on Hand Hygiene in Health Care recommends that healthcare
workers clean their hands via hand rubbing with alcohol-based antiseptic handrub or
via washing hands with plain or antimicrobial soap and water. Handwashing is
recommended when hands are visibly dirty or soiled with body fluids, after urination or
defecation, or when sporo-forming pathogens are suspected or proven.'® Otherwise,
hand rubbing is recommended. Hand rubbing is preferred over hand washing with soap
and water, because a) it can be applied on hands effectively in significantly less time
(guidelines below), b) it is not linked to a specific sink location (e.g., it can be applied
while walking), c) it does not require the use of drying material, and d) it can lead to a

more effective hand disinfection.?%?’

According to WHO international recommendations, the act of hand washing requires a
certain technique and duration, summarized in Figure 1.1. Steps 0 and 1 involve
applying the product. The technique, explained in steps 2-7, is identical for hand
rubbing and hand washing; steps 8-11 involve rinsing hands and drying them
appropriately after washing. The overall duration for these steps should 40-60 seconds
for washing with soap. Wet hands are easily contaminated and can spread
organisms.'® Therefore appropriate drying of hands after handwashing with single-use
cloth or paper towels is required.'® Sharing or re-using towels without appropriate
decontamination is not recommended to avoid the transmission of potential pathogens
to hands. Drying material is unnecessary when handrub is used; however handrub is

not always available in LMICs.?®

Hand rubbing follows many, but not all of the same steps. Step 1 is first, but involves
applying the antiseptic handrub, followed by steps 2-7. For hand rubbing, step 8 is the
last one — this indicates that hands are safe when dry. The overall duration of
handrubbing should be 20-30 seconds. Avoiding long or artificial fingernails and
jewellery are recommended for both hand rubbing/washing. Local guidelines at the

country, regional or facility levels can differ from these international standards.

19



Figure 1.1 - Hand hygiene technique for handwashing with soap and water

Reprinted with permission from the Clean Care is Safer Care website®

How to Handwash?

WASH HANDS WHEN VISIBLY SOILED! OTHERWISE, USE HANDRUB

E] Duration of the entire procedure: 40-60 seconds

Wet hands with water; Apply enough soap to cover Rub hands palm to palm;

all hand surfaces;
Right palm over left dorsum with Palm to palm with fingers interlaced; Backs of fingers to opposing paims
interlaced fingers and vice versa; with fingers interlocked;

5 5
2 %

Rotational rubbing of left thumb Rotational rubbing, backwards and Rinse hands with water;
clasped in right palm and vice versa; forwards with clasped fingers of right
hand in left palm and vice versa;
@ W
Dry hands thoroughly Use towel to turn off faucet; Your hands are now safe.

Patient Safety SAVE LIVES

k¢ Organization R Clean Your Hands

rmacrable sracmton A
e et e Tha gt o o e es £ o ot b e et 7 ot sl o Work kO S e 1 Suragen e bty

WHO acknowtadges e HEpRm Universtare de Ganive MUG), in sartcster e mambers of e ktecson Control Phogarsma, for thar active parScizetion 1 dessioping s matertal
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1.2.2. Hand hygiene opportunities: focusing on aseptic procedures

Hand rubbing/washing should occur at five “key moments” called hand hygiene
opportunities: '

1) before touching a patient,

2) before a clean or aseptic procedure,

3) after body fluid exposure,

4) after touching a patient, and

5) after touching a patient’s surroundings.

This thesis focuses on “moment 2”7, the opportunities before clean or aseptic
procedures (termed “aseptic procedures” for simplicity) because they are particularly
critical to infection prevention. Indeed, aseptic procedures are defined by contact with
mucous membrane/non-intact skin site, and thus pose a higher risk of pathogens
cross-transmission compared to contact with a patient’s intact skin (for example, during

“‘moment 17, a “before touching a patient” opportunity).

If a birth attendant’s hands are contaminated, they can in turn contaminate a woman’s
or newborn’s mucous membranes or non-intact skin (e.g. the vagina, cervix, open
wounds, or cord after cutting) directly or indirectly (Figure 1.2). Direct transmission
occurs when the attendant’s hands (gloved or ungloved) touch these vulnerable sites.
Indirect transmission is when hands contaminate a surface or an instrument (vehicles)
that in turn engage with the vulnerable sites, such as when a blade cuts the cord or

scissors are used for an episiotomy.*
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Figure 1.2 - Direct and indirect routes from contaminated hands (or gloves) to

woman’s or newborn’s mucous membranes or non-intact skin

Clamps for cord (N) Uterus during manual

placenta removal (W)
Blades to cut cord (N)

Cord during cutting (N)
Episiotomy scissors (W)

Wound on perineum/vagina
Urinary Catheter (W) during episiotomy or suturing

(W)

Suturing material (W)
Vagina and cervix during

Material for wiping the vaginal exam (W)

Complicated birth

newborn and the mother

vagina after delviery (W&N)
delivery (W)

Spinal epidural device (W)

Cord and face during newborn

Oxytocin injection (W)

Uncomplicated birth

Suctioning tube (N)

Delivery surface (W)

WOMAN'’S OR NEWBORN’S MUCOUS MEMBRANES/NON-INTACT SKIN

Infection, and even sepsis, can develop when contaminated hands or instruments
touch women’s or newborns’ vulnerable sites.*' Hands can carry exogenous bacteria —
introduced to the patient from the external world — or endogenous bacteria — that
normally reside in the patient; both can lead to sepsis. Adequate hand hygiene should
prevent both, because hands should contact vulnerable sites only when clean or after
touching clean or sterile sites. One exception is that hand hygiene cannot prevent
pathogens being transmitted during vaginal examination when the hands pick up
bacteria in the lower genital tract and transport them into the chorioamnion. Little is
known about the relative contribution of different pathogen transmission routes of

maternal and newborn infection contracted during birth in LMICs.**3*
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1.2.3. The appropriate steps before aseptic procedures

The steps outlined so far, in Figure 1.1, only comprise a small component of the overall
WHO hand hygiene guidelines before aseptic procedures. Specifically, all of those
actions fall within two steps: (A) the act of hand rubbing/washing and (B) appropriate
drying. The other aspects are (C), avoiding hand recontamination, (D) wearing at least
one glove (the need for one glove or a pair of gloves depends on the procedure to be
undertaken), and (E) avoiding recontamination of gloves until the procedure of interest

is complete.'® These are summarized in Figure 1.3.

Figure 1.3 — Steps before aseptic procedures

A

BEFORE ASEPTIC PROCEDURES

* : hnique: HAND
Use approprlate.tec nique; WASH/
perform for appropriate duration; RUBBING

no jewelry or long/artifical nails

Gloves should be worn immediately before the aseptic procedure opportunity in the
sequences described above (Figure 1.3). Afterwards, gloves should be removed.'
Hand hygiene is also necessary after gloves are removed because gloves can become
significantly contaminated with bacterial cultures as shown in an early study by Pittet et
al.** and because some bacteria can go through latex gloves or contaminate
healthcare workers hands through back-spray when they remove such gloves.*
However, this thesis does not focus on this type of hand hygiene opportunity i.e. hand
rubbing/washing after glove removal. Evidence suggest that healthcare workers tend to
perform less hand hygiene when using gloves, perhaps due to the false belief that

gloves are a secure barrier to cross-transmission.** The WHO guidelines on
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Pregnancy, Childbirth, Postpartum and Newborn Care suggest single-use sterile or
highly disinfected gloves be worn for all aseptic procedures: vaginal examination,
delivery, cord-cut, repair of episiotomy or tear, and blood drawing.*® The WHO hand
hygiene guidelines stress that using gloves does not remove the requirement to hand

rub/wash.®

Between having performed hand rubbing/washing and the aseptic procedure,
healthcare workers should avoid recontaminating their hands or gloves i.e. avoid
contact with any surface that may lead to pathogens being transmitted to the hands or
gloves. The longer the contact with these surfaces, the higher the likelihood of
hand/glove contamination.'®** The ability to perform procedures during delivery without
recontaminating one’s hands depends heavily on how easy it is to access the
necessary instruments (e.g. blades). ldeally, instruments should be prepared on a
sterile field near the delivery bed, ensuring that the equipment does not need to be
collected from various places with the concomitant increase in the likelihood of

recontamination.

1.2.4. Measuring hand hygiene in healthcare facilities

Data on hand hygiene in healthcare facilities are commonly collected by self-reporting,
observation, or by using a proxy via the amount of rub/soap used. Observation, either
directly by an observer or via video monitoring is preferred to self-report because
healthcare workers tend to over-estimate their compliance and report expected
practices. Observation also has limitations as it is subject to observer bias (for reasons
that we describe in section 1.2.5), selection bias (since observation usually is limited in
time and observations sessions are not always picked at random and so may not
represent the 24/7 period, the type of activity, the patient and the provider), and the
Hawthorne effect.'®*” Video monitoring may introduce less Hawthorne effect after a
period of habituation, but it also poses ethical dilemmas since it records individuals,
especially patients. The extent to which the Hawthorne effect influences behaviour is
controversial in the literature; there is some evidence it may only come into effect 10-
20 minutes after the observation started.'* %% Quantifying the amount of alcohol
rub/soap used or electronic monitoring of alcohol rub dispensers have also been used
to capture hand hygiene.'®?*% These alternatives, based on product quantities, are
cheaper and easier than direct observation but they remain proxies for compliance;

indeed usually the number of hand hygiene opportunities is estimated based on
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assumptions around patient interactions, rather than observed actions; in addition they

cannot be linked to individuals’ hand hygiene behaviour.™

Erasmus et al. in 2010 reviewed 96 articles on hand hygiene in healthcare facilities in
HICs and found that only a few used previously tested tools to measure compliance.'®
Since then, the WHO Observation Form, published in 2009, has provided a relatively
simple and standardized way to measure hand hygiene through observation.*' This
has been widely used for both research and implementation purposes all over the
world. For this reason, in this thesis | compare my research tool to the WHO

Observation Form.

However, the WHO Observation Form serves infection prevention practitioners,
meaning that it needs to be simple and is therefore restricted in the range of
behaviours it captures. Specifically, the WHO Observation Form does not cover
aspects of glove use (except if the opportunity was missed) or avoiding
recontamination, behaviours that are valuable for understanding the complex patterns
of healthcare workers’ practices. Other available hand hygiene tools suffer from similar
shortcomings.42 In addition, the WHO Observation Form, in its current form, does not
include a dedicated space for registering an individual’s reference number across
opportunities or observations sessions. This means it provides only an aggregate-level
measure at the cadre or higher group level, and cannot track individual-level behaviour
nor individual-level variation in hand hygiene compliance within facilities. Finally, the
WHO Observation Form’ standard operating procedures (the instructions for using the
tool) can be considered sparse. This is in contrast, for example, with another tool, the
Hygiene Observation Form, which has detailed standard operating procedures, and
298 hand hygiene opportunities and behaviours individually assessed for inter-
observer reliability.** The Hygiene Observation Tool however, is not as widely used as

the Observation Form.

In the WHO Observation Form, the data collector registers whether the person
observed carried out hand rubbing, or hand washing at each opportunity, or whether
the opportunity was missed. If hand rubbing/washing is ticked, it means that the
healthcare worker was observed hand rubbing or washing, but also implicitly that
they avoided hand or glove recontamination. Opportunities could be missed either
because no hand rubbing/washing was performed, or the person observed
rubbed/washed but subsequently also touched surfaces beyond the patient zone

(defined below), thereby potentially recontaminating her hands. In the WHO
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Observation Form, this would lead a to a new hand hygiene opportunity. It would be
important to separately monitor whether the failure to comply to hand hygiene
guidelines is due to the lack of hand rubbing or washing, or due to recontamination in
order to design meaningful behaviour change strategies. Indeed, the determinants
behind failing to reach the sink or the handrub bottle are likely to differ from those
driving the touching of potentially contaminating surfaces before a procedure. Isolating
avoiding recontamination as a positive standalone action to be undertaken by
healthcare workers could be important for improving hand hygiene compliance overall.
A current gap is the availability of a tool that can monitor both behaviours, hand
rubbing/washing and avoiding recontamination, in particular in the context of labour

and delivery.

In this thesis, | use the term hand hygiene or hand hygiene compliance to include hand

rubbing/washing AND avoiding recontamination together, unless specified otherwise.

1.2.5. Operationalizing the hand hygiene compliance indicator

Hand rubbing/washing compliance is most commonly reported as the percentage of
hand hygiene opportunities (denominator) with which healthcare workers’ comply to
hand rubbing/washing (numerator).** Hand hygiene opportunities are those patient-
attendant interactions, previously described in Section 1.2.2. A compliance of 20%
translates into healthcare workers washing/rubbing hands in two out of ten
opportunities. The WHO provides a strong framework for defining hand hygiene, but
studies have operationalized compliance in various ways. Some focus on the simple
act of hand rubbing/washing for their numerator (i.e. whether the act was performed or
not), while others include elements of technique and duration (i.e. hand

rubbing/washing was performed only if appropriate duration and technique were used).

A more difficult aspect of operationalizing hand hygiene compliance is defining the
denominator: how to identify the boundaries of hand hygiene opportunities. Hor et al.
provides a useful ethnography of the concept of boundaries in hand hygiene and
infection prevention in Australia, including the perception of certain surfaces potentially

leading to cross-transmission or not.*’

More specifically, two concepts are needed to
define a hand hygiene opportunity: the systematic flow of patient contacts allowed
within a single hand hygiene opportunity, and the patient zone. By a systematic flow
they mean the procedures or actions of interest that define the start of hand hygiene

opportunity, as well as the sequence of these procedures still being considered as one
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opportunity for hand hygiene.?® In this thesis, | will term this a ‘delivery flow’. The
WHO guidelines Hand Hygiene in Outpatient Care and Home-based care and Long-
term care specify, for example, that during childbirth the birth attendant can deliver the
baby, clamp and cut the cord, and manually remove the placenta (these are all aseptic
procedures) all within a single hand hygiene opportunity, because they are part of the
same delivery flow.? However, when the birth attendant proceeds to check the
woman’s vital signs following an aseptic procedure, a new hand hygiene opportunity
arises because there is a risk of blood or other body fluid exposure and hands must be

clean before undertaking the new task even on the same patient.

Figure 1.4, taken from the WHO guidelines Hand Hygiene in Outpatient Care and
Home-based care and Long-term care, describes a typical flow during labour and
delivery and when hand hygiene is recommended. Although this is a good starting
point, the figure does not include complications, and it has a standardised definition of

patient zone.

Figure 1.4 — Hand hygiene recommendations during labour (A) and delivery (B).

Reprinted from the Hand Hygiene in Outpatient Care and Home-based care and Long-
term care, pages 51-52. World Health Organisation. Copyright: WHO (2012)

DURING LABOUR (A)

The midwife approaches the woman and closes the curtains, chats briefly with her, and asks

for some information. /
\o/( The midwife palpates the abdomen and measures pulse and respiratory rates.
\/( The midwife opens the curtains, leaves the patient zone, and returns with a sphygmomanometer.

The midwife measures blood pressure and then listens to the fetal heart rate with the fetal stethoscope.

The midwife pours some antiseptic into a cup and opens a package of compresses. /

The midwife dons gloves (at least one).

The midwife applies antiseptic and performs a vaginal examination.

The midwife wipes up some amniotic fluid with a towel (with the gloved hand when a single glove

has been donned).

She removes and discards gloves in the waste bin. /
\{ The midwife records data and leaves.
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DURING DELIVERY (B)

-

The midwife prepares various material needed for the mother and child (towels, pads,
scissors, clamps, gauze dressings, etc.) and puts on gown, mask, and goggles.

The midwife measures vital signs in the mother and listens to the fetal heart
with the fetal stethoscope.

The midwife pours antiseptic into a cup and opens a package of compresses.

The midwife dons sterile gloves.
The midwife applies antiseptic around the vaginal area.
The midwife delivers the baby.

The midwife examines the baby, clamps and cuts the umbilical cord, wraps him
in a towel, and gives him to the mother.

The midwife helps the mother to deliver the placenta by pressing on the abdomen
and checks the placenta.

The midwife removes and discards gloves in the waste bin. /

¢ (§<

The midwife checks the mother’s vital signs and abdomen.

The midwife observes the baby and helps the mother and child for the first
breastfeeding episode.

The midwife records data.

CK

The midwife opens the curtains and leaves.

Table 5.1 in this thesis details the delivery flow definition (including complications) that |
used for my research — the aseptic procedures listed in Table 5.1 are:

* Wiping the vagina

* Vaginal examination

* Artificial rupture of membranes

* Episiotomy

e Catching the baby (delivering the baby)
e Cord cutting and clamping

e Cord traction

* Manual removal of placenta

* Post-delivery vaginal examination

e Suturing of the perineum

* Wiping baby clean

e Urinary catheter insertion or removal

The patient zone includes the patient (in this thesis, this is the labouring woman) and
some surfaces and items that are temporarily and exclusively dedicated to her, limiting

the risk of transmitting pathogenic organisms.*' During a delivery flow, a birth attendant
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can undertake hand actions within the patient zone without leading to a new
opportunity. Many elements define what comes under the patient zone:
a) the extent of environmental hygiene in the patient area is very important —
this in turn is dictated by hospital routine practices including cleaning practices
(is the patient zone cleaned after each patient? Are surfaces microbiologically
clean?);
b) the status of equipment (e.g. decontamination and sterilization practices; the
source of sheets/pads used under the woman’s perineum during birth);
c) the management of patients flow and potentially crowding. With regards to
the latter, Salmon et al. revisited the concept of patient zone for the
overcrowded environments that typify higher-level facilities in LMICs using a
case study from Vietnam. They argue that since patients often shared beds,
there was already cross-transmission between them. Thus, they suggest that
for certain opportunities e.g. “before touching a patient”, hand hygiene is

unnecessary between patients sharing the same bed.*®

A current gap is the availability of a tool where all birth attendants’ actions are recorded
without the need for the data collectors to judge whether the actions they observe fit
the definitions of systematic flow and patient zone and thus what constitutes a new

hand hygiene opportunity.

Defining when a new hand hygiene opportunity arises is particularly difficult during
labour and delivery as further explained below. Observers must deal with a transition
from observing one patient (the mother) to two (the mother and the newborn), the
amount, type and location of body fluids can rapidly change, and in low resource
settings, one healthcare worker may attend many mothers simultaneously. Also, the
duration phases during labour is often unpredictable, and the time between hand
rubbing/washing and delivery of the newborn may be lengthy, during which the
observer needs to pay close attention to assess if any actions occur that lead to a new
hand hygiene opportunity. Time-&-motion methods can overcome some of these
challenges. Observers are able to record all healthcare workers’ actions without having
to decide which comprise a new hand hygiene opportunity. Instead, opportunities are
defined during data analysis. Time-&-motion methods are now at the forefront of

healthcare observation*’ and are increasingly used, though seldom in LMICs.

29



1.3. Behavioural determinants of healthcare workers hand hygiene

To identify the levers for change, we need to understand the determinants of health
care workers’ hand hygiene. Previous studies stress the importance of investigating
both the contextual and individual determinants.’®*® Contextual factors include
workload,'®°4%%% and the availability of necessary materials such as soap and

water.'®'®* |ndividual factors include staff professional background'®'®*® and

psychological constructs like knowledge,'®'® healthcare workers’ attitudes, '%"¢-°0°1

1052 35 well as the role of social influence and the normative

t 10,48,50,53

control beliefs,

environmen

A current gap is that there do not appear to be published studies looking at the specific
determinants of avoiding recontamination, separately from those of hand

rubbing/washing.

Interventions aimed at improving hand hygiene in healthcare settings call for context-
specific information on the determinants to be targeted.'®'®** This requires good quality
formative research prior to intervention design. The importance of the context resides
in the elements of the environment (culture and infrastructure). For example, the
availability of water and soap and alcohol based handrub is likely to be more of an
issue in LMICs than HICs. In addition, the specific type of care under investigation
which is the process of labour and delivery in this thesis, is another context specific

element.

Labour wards may differ from other types of wards in a health care facility in several
specific ways. These features, aforementioned, include:
* dealing with transition from having one patient (the labouring woman) to two
(woman and newborn);
* the variety, amount and type of body fluids, that can rapidly escalate;
* the mixture of uncomplicated and complicated deliveries, that translates into
varying timings of labour and delivery;
* the unpredictability of volume of birth at any one time, meaning that one birth
attendant may need to attend several mothers simultaneously in the context of

under-staffed, poorly resourced facilities in LMICs.

These characteristics make the labour ward more like emergency wards than other

hospital departments. A research gap is that quality studies of hand hygiene and its
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determinants in LMICs for the context of the labour ward have not been complied and

systematically reviewed.

1.3.1. An approach grounded in behavioural theory

Two main ideas underpin this research. First, that “improving hand hygiene implies
behaviour change”.'® The need for behavioural approaches to understand hand
hygiene in healthcare facilities has been advocated for, and this is what | use in my
thesis."®***°> Modifying healthcare workers’ hand hygiene is complex — the last twenty
years of research and implementation have only managed to engineer a mixed degree

of sustained success.'’385%

As described for labour and delivery above, hand hygiene is a dynamic behaviour
strongly influenced by frequent distractions, complex actions between tasks. It
competes with concomitant multiple priorities necessary during patient care. This
places strain on healthcare attention, memory, and task prioritisation, which makes it

harder to identify when hand hygiene is needed.®’

Evidence from systematic reviews on interventions aimed at increasing healthcare
workers’ hand hygiene suggest that training and knowledge is insufficient to achieve
sustained hand hygiene behaviour change and that multimodal interventions are more
successful than single component interventions.'®'"1844%859 Hyjis et al. found that the
greater the range behavioural determinants targeted, the greater the effect of the
intervention.'® Most interventions they reviewed focused on knowledge, awareness,
action control and environmental constraints. Although, the more successful
intervention strategies also targeted social influence, attitude, self-efficacy, and
intention.'® A study by Fuller et al. used the Theoretical Domains Framework to enquire
in real time why healthcare workers did not comply with hand hygiene guidelines.
Across 207 self-reported explanations, the main reason for noncompliance in the
“Memory/Attention/Decision Making behaviour” domain; the second reason was
“Knowledge”.”” These findings suggest that interventions should target both automatic
associative learning, and conscious decision-making; these findings support those
systematic reviews suggesting that interventions should be multimodal, rather than

focus on a single behaviour change technique.®”°

It is now recognized that inadequate attention to theory has compounded the difficulties

in designing effective interventions. Increasingly, behaviour change frameworks that
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incorporate multiple theories or determinants have been used to design interventions to
change healthcare workers practices on hand hygiene and beyond.®*®° Examples are:
the Integrated Behavioural Model (IBM), the Theoretical Domains Framework (TDF)
and Health Action Approach (HAPA).>"®%%" |n my thesis, | employ the widely-used
Integrated Behavioural Model (IBM)® as the organizing framework, because it
integrates individual and contextual behavioural determinants from multiple theories in
one comprehensive model. In addition, | used this over other models because my
research team had in depth knowledge of using this model and hence | could learn
from more senior team members. The IBM states that there are five determinants
directly influencing behaviour, including environmental constraints, knowledge and
skills, habit, salience, and most importantly: intention.®® In turn, intention is determined

by attitude, perceived norms and personal agency.®®

The second idea within the thesis is that developing more effective interventions for
increasing hand hygiene requires an understanding of context-specific factors
associated with compliance.'®** In my research this refers to the type of facility unit,
namely the labour ward described above, and the setting, Zanzibar. A recent
systematic review of behavioural interventions targeted at changing healthcare workers
practices provides some evidence that tailoring interventions to individuals and their
context, increases the effectiveness of such interventions.®® Indeed, recent cluster
randomized trials that use these tailored behavioural approaches, including
personalized feedback and individualized action planning alongside the multimodal
approach of the WHO Hand Hygiene strategy, reported success and absolute

increases of 10-18%.%%4%%

1.4. The country context: United Republic of Tanzania

Despite improvements in its maternal and newborn indicators in the last 15 years,®
Tanzania still has a Maternal Mortality Ratio of 398 per 100 000 live births (2015
estimates), and a Neonatal Mortality Rate of 22 per 1000 live births (2016 estimates).”
These rates are similar to other Sub-Sahara African countries, which is the world
region with the greatest burden of maternal and newborns deaths.??* The proportion of
institutional deliveries in Tanzania increased by a third in the two decades 1996-2016,
from 46.5% to 62.5%."" Simultaneously, nationally representative surveys and
individuals studies confirm low quality of care at birth within facilities.”>"* According to
the World Bank, Tanzania spends about 6% of its GDP on health, in line with other low
income countries.” One study reported that 15% of Tanzania patients develop

healthcare associated infections, also in line with average estimates for LMICs.”®
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Infection prevention practices are sub-optimal;’’

even basic access to key resources
for hand hygiene such as running water are scarce in Tanzania labour wards — less
than half of institutional births have access to reliable supplies of running water.”® This
is comparable to other low-income countries in the East African region,” and derives
from an analysis | conducted (outside the scope of this PhD) which is available in

Appendix | (page 251).

Four of the five results chapters of this thesis specifically focus on Zanzibar. Zanzibar
is an autonomous region of Tanzania comprised of two islands: Unguja and Pemba.
The population across the two islands is about 1.3 million and the predominant religion
is Islam. Although the GDP per capita in Zanzibar in 2016 was slightly lower than the
rest of mainland Tanzania ($823 vs. $881),”® Zanzibar has slightly higher provision of
infection control equipment for delivery services compared to the national average.”’
Along with the country’s efforts to improved water, sanitation and hygiene in healthcare
facilities, the independent Ministry of Health of Zanzibar has also committed to these

efforts.

1.5. Aim and objectives

Considering the gaps in research described above, the aim of my thesis is to
synthesize existing evidence and generate new evidence on the levels and
determinants of hand hygiene compliance before aseptic procedures, among birth
attendants in healthcare facilities in LMICs, with a focus on Zanzibar. Ultimately, this
work should inform interventions to increase hand hygiene compliance of birth

attendants in Zanzibar and similar contexts.

This thesis is structured around the following objectives and their respective
manuscripts. These are to:
1. systematically review the existing evidence on birth attendants’ hand hygiene
compliance in facilities in LMICs (Manuscript 1);
2. describe the enabling environment for hand hygiene in Zanzibar maternity
wards (Tanzania) using a mixed-methods cross-sectional survey (Manuscript
2);
3. develop a tool to capture the complex patterns and multiple behaviours involved

in hand hygiene performed by birth attendants (Manuscript 3);
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4. assess compliance of Zanzibar birth attendants to hand rubbing/washing,
avoiding recontamination and glove use before aseptic procedures using time-
&-motion methods (Manuscript 4); and

5. assess the determinants of Zanzibar birth attendants’ hand rubbing/washing
and of avoiding glove recontamination before aseptic procedures using time-&-

motion methods and behavioural science tools (Manuscript 5).

1.6. Funding

The work presented in this thesis was funded as follows:

WaterAid UK funded the cross-sectional study of enabling factors of hygiene practices
during birth across 37 maternity wards in Zanzibar (Principle Investigator: Wendy J.

Graham).

The Medical Research Council UK (Grant number: MR/N015975/1) funded the in-depth
study of hand hygiene of birth attendants under the Public Health Intervention
Development scheme (Principle Investigator: Wendy J. Graham). | was co-investigator

and played a substantial role in applying for the research grant and managing it.
The Soapbox Collaborative, a UK charity dedicated to improving hygiene at birth in

facilities LMICs, paid my salary when not covered by the aforementioned grants, as

well as my part time staff-PhD fees over the entire course of the PhD.
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2. BIRTH ATTENDANTS’ HAND HYGIENE COMPLIANCE IN
HEALTHCARE FACILITIES IN LOW AND MIDDLE INCOME
COUNTRIES: A SYSTEMATIC REVIEW (PHD OBJECTIVE 1)

2.1. Preamble

This manuscript aims to investigate the available evidence on levels and determinants
of hand hygiene compliance, and on existing interventions aimed at improving the hand
hygiene of birth attendants in facilities in LMICs for Objective 1 of the PhD.

To achieve this aim | conducted a systematic review of the literature on the hand
hygiene compliance of birth attendants in facilities in low and middle-income countries.
| conceptualized and designed the review with advice from Oona Campbell. |
developed the search strategy, designed the extraction tools, screened titles and
abstracts, selected the full texts, and conducted the primary extraction from the full
texts. The second author, Micheal de Barra, independently screened titles and
abstracts, selected full texts, and double-checked the data | extracted from the full

texts. | wrote the first draft and led on the revisions suggested by the co-authors.

Two of the studies included in this review are before-and-after studies evaluating the
effectiveness of an intervention. These studies have been evaluated against the
ORION checklist. This assessment is available in Additional File 3 (page 84) of this

manuscript.

The manuscript is formatted according with the BMC Health Services Research journal

requirements.
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2.3.1. Abstract

Background With an increasing number of women delivering in healthcare facilities in
Low and Middle Income Countries (LMICs), healthcare workers’ hand hygiene
compliance on labour wards is pivotal to preventing infections. Currently there are no
estimates of how often birth attendants comply with hand hygiene, or of the factors
influencing compliance in healthcare facilities in LMICs.

Methods We conducted a systematic review to investigate the a) level of compliance,
b) determinants of compliance and c) interventions to improve hand hygiene during
labour and delivery among birth attendants in healthcare facilities of LMICs. We also
aimed to assess the quality of the included studies and to report the intra-cluster
correlation for studies conducted in multiple facilities.

Results We obtained 526 results across four databases and reviewed 59 full texts. Of
these, nine met our inclusion criteria. Overall, the quality of the included studies was
particularly compromised by poorly described sampling methods and definitions. Hand
hygiene compliance varied substantially across studies from 0% to 100%; however, the
heterogeneity in definitions of hand hygiene did not allow us to combine or compare
these meaningfully. The three studies with larger sample sizes and clearer definitions
estimated compliance, including before aseptic procedures opportunities, to be low
(range: 1%-28%). Two studies used pre-post designs to test multi-component
interventions. The interventions differed but both were successful at improving hand
hygiene compliance. No studies reported an intra-cluster correlation coefficient.
Conclusions Hand hygiene compliance was low for studies with larger sample sizes
and clear definitions. This poses a substantial challenge to infection prevention during
birth in LMICs facilities. We also found that the quality of many studies was suboptimal.
Future studies of hand hygiene compliance on the labour ward should be designed
with better sampling frames, assess inter-observer agreement, use measures to

improve the quality of data collection, and report their hand hygiene definitions clearly.
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2.3.2. Introduction

Globally, infection contributes to at least 9% of maternal deaths’ and 16% of neonatal
deaths,? the vast majority of this burden concentrates in low and middle income
countries (LMICs). Hand hygiene during birth has been long recognised as a key
infection prevention opportunity.*® With an increasing number of women delivering in
healthcare facilities in LMICs,”® appropriate hand hygiene compliance of healthcare

workers on the labour wards is pivotal to preventing infections.

Several systematic reviews have been published on the compliance, determinants and
intervention to improve healthcare workers hand hygiene across the facility

environment;'6:17:20:98.59

only two of these reviews include studies from low resource
healthcare facilities, none of which provide estimates for the labour ward."”?° Erasmus
et al. report a median hand hygiene compliance of 40% for studies from high-income
countries;'® the other, more recent, reviews focus on evaluating existing interventions
and do not report summary estimates of compliance, but there is value in collating

estimates from observational studies too.

Currently there are no estimates of how often birth attendants comply with hand
hygiene, or of the factors influencing their compliance in healthcare facilities in LMICs.
Hand hygiene compliance in LMICs may differ in levels and determinants compared to
those in high-income countries (HICs), where most published evidence is. For
example, there are cultural and contextual elements around the process of labour and
delivery that might influence hand hygiene compliance of healthcare workers such as
unpredictable workloads, unreliable water supplies, or the concept of pollution and
purity around delivery — important among healthcare workers in India and
Bangladesh.”®® Finally, detailed estimates on compliance in LMICs and their
determinants are useful to inform whether interventions are needed, and how to tailor

them.

The aim of this paper is to systematically review the literature from LMICs to:
1. Estimate birth attendants’ hand hygiene compliance during labour and delivery
in healthcare facilities
2. Assess the quality of the studies reporting these estimates
Investigate what factors influence hand hygiene compliance
Estimate the effectiveness of interventions aimed at increasing hand hygiene
compliance

5. Estimate intra-cluster correlation for hand hygiene compliance
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2.3.3. Methods

The search was conducted on the 24™ of April 2018 EMBASE, MEDLINE, CINHAL and
the WHO regional databases, updating an earlier search on the 27" of January 2016.
We used a comprehensive set of search terms based on previous systematic

reviews'’ 1881

and consulted the London School of Hygiene and Tropical Medicine
librarian. The search themes included hand hygiene and maternity ward terms with
international spelling variations, and it was restricted to LMICs. Additional File 1 details
the strategy. Peer reviewed articles were eligible for inclusion, while abstracts and
conference proceeding were not. All texts were reviewed using Endnote X7. No

protocol was registered for this review.

Duplicates were removed, and titles and abstracts screened by two reviewers for any
mention of hand hygiene compliance in labour wards. Two reviewers independently
applied the inclusion criteria to the selected full texts. Any discrepancy was resolved
through discussion. Once full texts were selected, one author screened references to
search for other relevant studies that might be eligible for inclusion. The inclusion
criteria were:

* Studies with either of the following estimates for the specific group of healthcare

workers attending labour and delivery or working on the labour ward:

o A measure of frequency for hand hygiene compliance (observed or other
objective method; self-reports were not included)

o OR an effect size (odds ratio, rate ratio, risk ratio) of factors driving hand
hygiene (observed or other objective method; self-reports were not
included)

* LMICs based studies

* Peer-reviewed studies

* Intervention or observational studies
* Quantitative studies

e Studies in any language

Data extraction was done by one author and checked by another. The data extraction
form included study type, intervention details, country, urban-rural location, type of
healthcare facility, staff cadre, facility ward specification, availability of hand hygiene
infrastructure (soap, water, handrub), sample size, sample selection, analysis methods,
measurement tools, and the effect size of hand hygiene determinants. We extracted
the estimates of hand hygiene compliance by healthcare workers before aseptic

procedures (or compliance estimates which were likely to include before aseptic
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procedure opportunities) for a) types of patient-attendant interactions that could occur
during labour and delivery, or b) healthcare workers working in the labour ward. We
specifically focused on estimates reflecting hand hygiene opportunities before aseptic
procedures or including these because these are the most pivotal to infection
prevention. For each estimate we extracted the hand hygiene definition, the numerator,
denominator, the percentage compliance estimates, the number of staff or women
observed, the staff cadre, the number of facilities, and the intervention stage details
underpinning the individual estimate. We calculated the percentage compliance for
each included study where this was possible. We contacted the corresponding author
(or if this was not published, the first or senior author whose email we found via their
department or on researchgate) when it was not clear from the paper whether a) their
observation included procedures around labour and vaginal delivery; or b) when the

hand hygiene definition was unclear.

Key measures of bias and quality were included in the data extraction. For randomised
controlled trials we intended to use the CONSORT guidelines to assess quality. For
observational studies, we assessed quality using eight items adapted from the
STROBE guidelines’® methods section (as recommended by Sanderson and
colleagues),® to the specific context of observing hand hygiene in healthcare settings.
Items included assessing 1) sampling methods, 2) quality of data collection, 3)
description of the data collectors background, 4) whether inter-observer agreement
was estimated, 5) the definition of hand hygiene compliance, 6) details of the tool used
for observation, 7) whether study aims were concealed from the study participants and
8) whether the statistical procedures were described. Items were scored positively or
negatively, except for items 1, 3 and 6 where we added an extra option of partially met
when only one of two criteria was met, and item 7 which could also be scored as

unclear.

Intra-cluster correlation (ICC) accounts for the relatedness of data by comparing the
variance within clusters with the variance between clusters; it is useful for designing
and analysing observational and intervention studies. To obtain the ICC for hand
hygiene compliance of the included studies comparing the variation in compliance
between and within facilities, we also contacted the authors of studies with multiple
facilities (clusters) to ask for:

e Either, the following single measures:

o The standard deviation exhibiting how the cluster means vary from the

population mean from cluster to cluster o, (between-cluster variation)
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o The standard deviation exhibiting how individual values vary from their
cluster mean from individual to individual o, (within-cluster variation).

Individuals are birth attendants in our review.

* Or, the overall estimated ICC (p) = p = 6,2/ (0,°+ 0,,)

We aimed to conduct pooled analysis of the estimates by hand hygiene compliance
estimated using similar outcome definitions, measurement tools or investigating similar
interventions, unless there are differences in setting or risk of bias; where studies did
not use similar outcomes, measurement tools or investigate similar interventions,

estimates were described.

We followed the PRISMA guidelines for systematic reviews to report our methods and
findings (see Additional File 2).%*

2.3.4. Results

After removing duplicates, we obtained 526 results across the four databases and
reviewed 59 full texts (Figure 2.1). We ultimately included nine studies that met our
inclusion criteria. The reasons for excluding the fifty studies are in (Figure 2.1), with the
most common being that the study did not report on the outcome of interest, i.e. hand
hygiene of healthcare workers during labour or delivery, or in the labour ward. In three
articles (two of which were identified via reference searching), it was unclear whether
labour and delivery were being studied, and the author of the paper did not reply to

enquiry, so these papers were not included.®
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Figure 2.1 — Systematic search flow diagram

Electronic database searches:
CINHAL plus, EMBASE, MEDLINE;
Regional WHO databases
N=526 (426 — 27" of Jan 2016 + 100
— 24 of April 2018 );

92 duplicates removed
434 abstracts
screened
375 excluded based on
2 articles title and abstract
identified from 59 full FeXtS to
reference Sl
searching; but 50 excluded:
no author reply 4 include home births
on inclusion 10 include other wards
criteria 23 no outcome of interest
9 full texts 1 qualitative report
included 11 self-reported outcome
1 author did not reply on
inclusion criteria

Of the nine included studies, four were in Sub-Saharan Africa (Nigeria, Zimbabwe and
two in Ghana), two were in Iran, and three in South-East Asia (India, Thai-Myanmar
border and Vietnam) — see Table 2.1. The studies were published between 1993 and
2018, with seven being published after 2008. Four studies were conducted in a single
facility. Three of the nine studies did not report any information on hand hygiene
infrastructure (Table 2.1); one study discussed how inconvenient the sink location was;
one study selected the hospital based on it generally having supplies to provide good
quality of maternal care; three studies reported on the general availability of supplies
(two positively and one negatively), but it is unclear what elements of hand hygiene
infrastructure were surveyed if any. Only one study reported specifically on the
availability of hand hygiene infrastructure; needed supplies were present, except for
handrub (Table 2.1).
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Table 2.1 — Study characteristics

Asp Changaee Cronin Danda Hoogenboom | Yawson Phan Simbar Spector
(2011)* (2014)*' (1993)% (2015)* (2015)*° (2013)°" (2018)* (2008)* (2012)*
Thai-Myanmar
Ghana; North border; Mae
Nigeria; Iran; & South Birim La refugee Vietnam; Ho Iran; India;
Country; site | Lagos Lorestan Districts Zimbabwe camp Ghana; Accra | Chi Minh City | Kurdistan Karnataka
Pre-post Pre-post
multi- multi-
Cross- Cross- Cross- Cross- Cross- Cross- component Cross- component
Study design | sectional sectional sectional sectional sectional sectional intervention sectional intervention
1 public 2 University Korle-Bu Sub-district
hospital, 6 of Zimbabwe Teaching Be-Sat level hospital
public health Central Shoklo Hospital Hospital of (basic
1 secondary posts, Hospitals i.e. | Malaria (tertiary Sanandaj and | emergency
and 1 tertiary 5 private National Research Unit | healthcare Hung Vuong Hafte-Teer obstetric care
maternity 9 public maternity referral Clinic facility) University Hospital of and C-
Facility type | care facility hospitals homes hospitals Hospital Beejar sections)
Unclear. Unclear. Labour & Emergency Labour & Unclear.
Maternity Presumably | Presumably postnatal Room and delivery Presumably
Unit/ward ward labour ward labour ward ward Birth centre Labour ward Delivery suite | wards labour ward
Effect size None None None None None None None None None
Yes;
educational Yes; testing
Intervention None None None None None None intervention None checklist
Literate skilled All healthcare Any
birth workers in the healthcare
Midwives, attendants delivery suite. worker*
Unclear. midwives' resident in the Across all (nurses &
Midwives are | assistants and camp and departments obstetricians)
Health mentioned in | lay women trained by the in the study who cared for
professional the trained by clinic (not Doctors and they capture women and
s involved Midwives discussion midwives Midwives previously nurses doctors, Unclear newborns
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trained in nurses, from
midwifery) midwives and admission for
technicians* childbirth to
discharge
20
52 women 18 vaginal observations All types of 405 vaginal
Type of during 200 (low deliveries and | in the labour hand hygiene examinations
patient- delivery and risk) 22 neonatal and 17 in the opportunity in | 96 women at admission
attendant immediate pregnant cord-care postnatal the delivery with low risk and 388
interactions | postpartum women** events wards 20 births Unclear suite pregnancies** | deliveries
Baseline: Jul-
2 Months. Sept 2010;
August - 3 weeks. Endline:
Observation September May to June | 6 weeks. Nov- | September August 2014- | Throughout Sept.-Dec
period May 2010 Unclear 1991 2014 Dec 2008 2011 May 2015 2006 2010
3 midwives 6 infection Student
researchers. control staff nurses
2 working at trained in previously
Project the study 6 nurses direct unknown to
director and institution. 1 2 Dutch specifically observation. hospital staff
co-director (a just left the midwifery trained in Unclear if with no
Data Ghanaian study students 35 infection worked in Unclear. clinical
collectors Unclear Unclear nurse) institution year) control study institute | "Researcher" | responsibility
Checklist
using the
WHO
Checklist Checklist Guidelines on | Tool
created for developed for | Modified Hand developed for
Checklist Checklist study using study, drawing | version of the | Hygiene in study based WHO Safe
developed for | developed criteria from on WHO Safe | WHO form for | Health Care, mainly on Childbirth
study. Based | for study. e.g. the WHO | Checklist for | Motherhood hand hygiene | 2009. WHO'’s Checklist
Tool used on protocol by | Content Global labour ward Needs direct Observation protocol of presumed to
for Christensson | validity Programme on | developed Assessment observation, checklist normal birth, have been
observation | etal. Amoo:om assessed AIDS, 1989 for study v1.1 2001 2010 content 1997& 2006a | used
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validity

reviewed by
MoH and
University
staff
Nature of the
intervention,
which
included
Observers awareness
were "inside practices
participants” included in
assisting Unclear. the WHO
Participants midwives in Health Safe Birth
not told when their work. workers in Unclear. Study aims Checklist
observation Checklist these service | Healthcare were (e.g. hand
would take was filled centres were | workers were | explained to hygiene),
Study aim Unclear. Non place or what after not aware of aware of the the presumably
disclosed to | participant practices were | procedures being observation participants, clear to
participants | observation Unclear observed in private Unclear observed period midwives participants
Non-random | Observation Observation Women'’s Observation
quota took place in times & selection — took place 24-
sampling when the All midwives locations with quota h for a
used to project staff at the time of high care sampling (1 in | minimum of 6
recruit 200 visited a the density. Each 3 women) days weekly;
women. 10- facility at a observation centre was proportionally | unobserved
30 selected time when a were observed at a divided days were
in different woman was in | included in different time between random.
stages of labour. All the study. of day for 2 morning, Observation
labour in midwives on Not clear days between evening and was carried
each duty when how facility 8AM-5PM. night shifts. out at
hospital. observation visits for Not clear how Not clear if all | admission,
Sample size | took place observation they selected women from start of
calculations | were included. | were which received the pushing to 1
Sampling Unclear justified. Occasionally scheduled Unclear healthcare Unclear full set of hour after

47




Unclear how | called by worker to observations | birth,
different facility when observe discharge.
stages of delivery Unclear how
labour or expected. Not women were
women and clear how selected each
timing of facility visits stage
visits were for observation
selected were
scheduled
Unclear.
They report Resources
broadly that Unclear. All observed
basic essential once. Water,
supplies equipment for | soap and
Unclear. Only | were often standard single-use Unclear.
reported unavailable antenatal towel for Hospitals
Unclear. missing items. | (not clear is care, and drying selected
Sinks were Water, soap, specific to essential care | available on based on
Water/Soap/ | notlocated in handrub were | hand of obstetric labour ward. general
handrub convenient not mentioned | hygiene complications | Handrub not availability of
availability locations None as missing supplies) was present. available None None supplies

* Unclear if all mentioned cadres were observed during labour and delivery

** Unclear whether hand hygiene was observed for all of these.
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Quality of primary studies

All studies used observation as their primary method of data collection. The methods
were described in most articles only partially. The lowest ranked quality indicators were
1) sampling, 2) methods to enhance data quality during data collection, 3)
measurement of inter-observer agreement, and 4) the level of description of the hand

hygiene compliance definition used (Figure 2.2).

Sampling We required two aspects of the sampling methods to be described: a) how
the unit of observation (e.g. woman, procedure or healthcare worker) was sampled and
b) how the facility visits were scheduled. None of the articles described both aspects
sufficiently; four articles did not describe them at all. As detailed in Table 2.1, it was
often unclear how different women or healthcare workers were selected for observation
for specific procedures/stages of labour.

|.94

Quality during data collection Only Spector et al.”™ described the procedures adopted to

ensure a better quality of data collection, including for example, on-site reviews of all
observation forms within 72 hours by the local study coordinator, and in-built data

management checks confirming the data collected were logical.

Inter-observer agreement Even though no studies reported inter-observer agreement

1. attempted to examine agreement between observers —

estimates, Spector et a
specifically, they reported that periodic assessments were used to confirm that data
collectors achieved 100% concordance on a sample of three observations. Yawson
and Hesse only report that different pairs of technical personnel visited the unit each

day in order to limit intra-observer bias.®’
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Figure 2.2 — Quality assessment

Asp
Changaee
Cronin

Danda
Hoogenboom
Yawson

Phan

Simbar
Spector

. Was sampling of the unit of observation described? How a) the unit was sampled; b) facility visits were scheduled
. Were any measures to check or enhance the quality of data collection described?

. a) Were the professional background of observers described? & b) Did they worked in the study facilities?

. Was the agreement between observers estimated (justifiable only if study clearly used 1 observer)?

. Was the definition of hand hygiene compliance reported clearly?

. Was the tool used for data collection a) described and b) available?

. Did the authors attempt to conceal the study aim from the participants?

. Were statistical procedure described?

0N OO -~

*Modified version of the tool is not available

Unclear
Yes
Partial

. o
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Definition of outcome Hand hygiene compliance was not defined clearly in most

studies. Each definition is reported in detail in Table 2.2. Often studies did not report
specifically whether soap use was necessary to achieve adequate hand washing, or if
other aspects of hand hygiene such as appropriate technique or duration were
assessed. Yawson and Hesse, and Phan et al. mentioned that they followed the hand
hygiene guidelines by the World Health Organisation (WHO) but it was not clear which
aspects of the guidelines they included. Danda et al. and Hoogenboom et al. chose a
poor definition of hand hygiene compliance because their denominator referred to
whole individuals or group of individuals rather than specific patient-healthcare worker
interactions (e.g. hand washed at least once or at least one birth attendant washed
hands). In Changaee et al., it was not clear how they calculated their estimate of

desirable hand washing.

Another aspect of the definition is the type of hand hygiene opportunity (when hand
hygiene should occur). The WHO hand hygiene guidelines refer to five key hand
hygiene opportunities: before clean/clean procedures, after exposure to body fluids,
before touching the patient, after touching the patient, after touching the patient’s
surrounding. Studies did not always report what the type of contact (before vs. after;
contact with intact skin i.e. “touching a patient” or non-intact/mucous membrane i.e.
clean/aseptic procedures) or what procedures during labour or delivery were captured.
Yawson and Hesse, and Simbar et al were contacted for further information on their

91,93

hand hygiene definition, but did not reply.
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Table 2.2 — Compliance estimates before aseptic procedures during labour or delivery

Asp Changaee Cronin Danda Hoogenboo Yawson Simbar Spector
(2011)* (2014)*' (1993)% (2015)*° | m (2015)*° (2013)°" Phan (2018)%* | (2008)* (2012)*
' 15" Estimate
Hand hygiene Hands
compliance washed
based on Hand hygiene with clean
WHO compliance is water and
Unclear. guidelines the ratio of soap, and
Desirable 2009 (% of the number of clean
hand times performed gloves
washing. Whether performed actions to the worn for
Estimated % each hand hygiene | number of admission
was midwife of all opportunities. vaginal
compliance washed Hand observed Followed examinatio
with desirable | Number of her washing of at | moments WHO n.
status defined | midwives hands at | least one of when guidelines Proportion
Hand as 68-100% who hand least the birth required). 2009. of each
washing score. scrubbed once. attendant Presumably, Presumably, Hand birth
with soap or | Unclear if with Dettol Unclear present. soap& water soap & water | washing; practice
Outcome hand soap or soap and | if with Unclear if with | or handrub or handrub Unclear if successfull
definition disinfection necessary water soap soap necessary necessary with soap y delivered
5 types of Second
Before Before WHO hand stage of
Second stage procedur aseptic/clean | hygiene labour;
Before of labour; esin the procedures in | opportunities | unclear if
contact with | unclear if labour the labour in the delivery | before or Before
patient before or after and and suite e.g. after what vaginal
Opportunity during what type of Before postnatal | Before or emergency before patient | type of examinatio
type delivery contact delivery ward after delivery | room contact contact n
Numerator 1 Unclear 0 14 15 31* 142 Unclear 5.3*
Denominator 52 Unclear 18 37 20 116 507 Unclear 405
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Compliance % 1.9%* 11.5% 0%* 37.8%* 75.0%* 27.0% 28.0%* <20.0%** 1.3%
37
N individuals 52 women 200 women 18 women midwives | 20 women Unclear Unclear 96 women Unclear
N facilities 2 9 Unclear 2 1 1 1 2 1
Cadre/ Before the Before the
intervention NA NA NA NA NA Doctors intervention NA intervention
2"7 Estimate
Whether
each
midwife
never
washed
her
Hands were | hand.
washed; Unclear
Outcome unclear if if with
definition with soap soap As above As above
Before Before
Before procedur aseptic/clean
wound care | esin the procedures in
for labour the labour
episiotomy and and
Opportunity and vaginal postnatal emergency Before
type tears ward room delivery
Numerator 4 23 4* 41*
Denominator 4 37 18 388
Compliance % 100%* 62.2%* 21.2% 10.6%"*
37
N individuals 4 women midwives Unclear Unclear
N facilities Unclear 2 1 1
Cadre/ Before the
intervention NA NA Nurses intervention
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3" Estimate
Hands
were
washed;
Outcome unclear if
definition with soap
Cord
care;
unclear if
Opportunity before/aft
type er
Numerator 9
Denominator 22
Compliance % 40.9%*
22
N individuals newborns
N facilities Unclear
Cadre/
intervention NA

*Estimates imputed by systematic review author

** Less than 20% was considered a level that is “not acceptable”. No exact estimate provided — estimated from Figure 1 of Simbar et al.
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Hand hygiene compliance estimates during labour and delivery

We extracted estimates that were clearly for aseptic procedures, and estimates for
which this was not clear or where aseptic procedures were not the exclusive focus.
Definitions across the studies were extremely heterogeneous and hence we did not
combine their estimates; compliance estimates varied from 0% to 100%. Spector et al.

reported a baseline compliance of 1.3% before vaginal examinations during admission

|.93 |.87

and 10.6% before deliveries. Simbar et al.”™ and Changaee et al.”* reported on
compliance during second stage of labour, although it was unclear whether compliance
was before or after interaction with the patient or which type of interaction i.e. aseptic

|.93

procedure, touching the patient. Simbar et al.” reported a compliance level below

20.0%, which they describe as unacceptable. We could not interpret the estimate by

|.87

Chanagaee et al.”" because of their unclear definition. Asp et al. report a compliance of

1.9% before contact with patient during delivery or immediate postpartum; it is unclear

t.86

if this includes aseptic procedures or not.?® Hoogenboom et al.” found that in 75.0% of

deliveries, either before or after the delivery, at least one birth attendant present hand

washed. Danda et al.®®

reported compliance before procedures (not clear what type)
across the labour and postnatal wards — here, 37.8% of midwives washed their hands
at least once and 62.2% never washed their hands. Yawson and Hesse®' reported
hand hygiene compliance before aseptic procedures across both the labour and
emergency room (we assumed that the emergency room was primarily dedicated to
pregnant women); among doctors, compliance was 26.7%, whereas among nurses it
was 22.2%. Phan et al.*? reported the baseline compliance to be 28% across five types
of WHO hand hygiene opportunities (before patient contact, before aseptic task etc.)
observed in the delivery suite. Finally, Cronin et al.® reported that the midwives scrub
hands in none of the 18 deliveries they observed (currently this practice is not
necessary before delivery); however, all used either water and soap, or Dettol to
perform hand hygiene. All the four observations of wound care in this study were
preceded by hand washing (100%) but only 40.9% of the cord-care observations (not

clear if before or after cord care).

Table 2.3 describes the estimates extracted from the smallest to the largest, as well as
whether we considered their sample size adequate, their definition sufficiently good
and whether the authors provided isolated estimates specifically for opportunities
before aseptic procedures during labour and delivery. Three studies with better
definitions and larger sample sizes are those by Yawson and Hesse,?' Phan et al. and

Spector et al.** Only Spector et al.”* met fully all three criteria.
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Table 2.3 — Compliance estimates summarised

% Author Sample Definition Specific
Comp size estimate
liance before

aseptic
proc.
during
labour
and
delivery

0 Cronin® Before delivery Small Suboptimal | No

1.3 Spector™ Before vaginal exam. Adequate | Good Yes

1.9 | Asp™ Before contact Adequate | Suboptimal | No

10.6 | Spector™ Before delivery Adequate | Good Yes
11.5 | Changaee®’ Il stage of labour Adequate | Suboptimal | No

<20 | Simbar” Il stage of labour Adequate | Suboptimal | No

21.2 | Yawson”' Before aseptic (doct.) Adequate | Satisfactory | Unclear*®
27.0 | Yawson Before aseptic (nurs.) | Adequate | Satisfactory | Unclear*
28.0 | Phan™ All 5 types of opp. Adequate | Satisfactory | No

37.8 | Danda™™** Before procedures Small Suboptimal | No

40.9 | Cronin® During cord care Small Suboptimal | Yes
62.2 | Danda®™ Before procedures Small Suboptimal | No

75.0 | Hoogenboom™ During delivery Small Suboptimal | No

100 Cronin® Before wound care Small Satisfactory | Yes

* Emergency room may not only cater for labouring women

**This refers to a negative compliance, % of midwifes who never washed their hands

Technique and duration of hand hygiene, and avoiding hand recontamination

Only two studies®*"

reported on aspects of hand hygiene quality such as technique
and duration. Cronin et al. reported qualitatively that hand washings were generally not
timed (not within the expected duration). Yawson and Hesse reported that on the
labour ward, 50% or more of staff used soap and running water for hand washing, and
dried hands with clean single use towels. Less than 50% washed hands for 40-60
seconds, or cleaned hands with alcohol handrub, or performed the appropriate
handwashing technique.®’

Only Cronin et al.®®

discuss qualitatively the concept of avoiding hand or glove
recontamination before a procedure. They mention that
“frequent breaks in technique included ... the midwife’s gloved hands touching the

patient’s bed, leg, abdomen, and perineal pad before the delivery.”®®
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Interventions, effect size for hand hygiene determinants and ICC

Two studies developed and evaluated interventions to increase hand hygiene
compliance. Both studies relied on a pre-post intervention design, without
randomization or control wards. Both studies reported on interventions including
several intervention components. Spector et al. tested a four-components childbirth
safety program based on the WHO Safe Childbirth Checklist.** After the intervention,
hand hygiene compliance increased respectively from 1.3% to 97.8% before vaginal
examination during admission and from 10.6% to 99.5% before delivery. The checklist
included prompts on elements of hand hygiene; therefore, the healthcare workers were

not blinded to the aim of the intervention.

Phan et al.* tested an educational program on hand hygiene provided to healthcare
workers over two 3 hours sessions. The educational model used experiential learning
and incorporated novel techniques of learning that allowed for consideration of past
hand hygiene experiences. 52 out of 53 healthcare staff in the delivery suite
participated in the intervention. The intervention improved hand hygiene overall in the
selected wards, but the effect was largest in the delivery suite increasing from 28% to
61.8% across all five types of WHO hand hygiene opportunities.*” The improvement
was sustained over a period of six months of post intervention follow-up. Given the
nature of the intervention, we assumed that participants were not blinded to the aim of
the intervention.

Only one author, Asp et al.,*

responded when asked information on the ICC. The
study collected information on 52 hand hygiene opportunities across two facilities.
However, as they only observed hand washing once it was not possible to obtain a

reliable estimate of the ICC.

No studies looked quantitatively at the association between potential determinants and

hand hygiene compliance (measured via observation or other objective method).

2.3.5. Discussion

We performed a systematic review of published studies reporting estimates of birth
attendants’ hand hygiene compliance conducted in healthcare facilities in LMICs. We
found nine studies that met our inclusion criteria. Hand hygiene compliance estimates
were extremely diverse, ranging from 0 to 100%; the heterogeneity in definitions of

hand hygiene did not allow us to combine or compare these meaningfully. Three
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studies (Danda et al., Cronin et al., Hoogenboom et al.) reported higher compliance but
also had a very small sample, or used an individual level or group level definition for
the denominator rather than the number of patient-attendant interactions (hand hygiene
opportunities) as recommended by the WHO hand hygiene guidelines.®**° The three

studies®! 929

with larger sample sizes and clearer definitions suggest compliance to
hand hygiene before aseptic procedures to be low, between 1.3% and 28.0%. Of
these, the estimates by Phan et al. (28.0%) included opportunities besides just before
aseptic procedures; whereas, for the estimates by Yawson et al. (21.2% and 27.0%)
we are not completely sure whether they are exclusive to the process of labour and
delivery. Only Spector et al. provide estimates for opportunities before aseptic
procedures specifically specific to labour and delivery: 1.3% before vaginal
examination on admission and 10.6% before delivery. Overall, the quality of the
included studies was particularly compromised by poorly described sampling methods

and definitions.

The studies included were published in the last 16 years and spanned seven countries
between Sub-Saharan Africa, South East Asia and the Middle East. Half of the studies
only included one facility, limiting their generalizability. The supplies of key hand
hygiene infrastructure were poorly described, except in one study. The quality of the
studies included was generally poor with a high risk of bias. The weakest aspect of the
studies was their description of the sampling strategy, as most studies did not describe
how the unit of observation was sampled (whether women, healthcare workers or
specific procedures). Also, the reported definitions of hand hygiene were often
incomplete. For most studies it was unclear whether the use of soap was a necessary
condition to achieve hand washing compliance. In addition, the type of hand hygiene
opportunity was often poorly described i.e. before or after the interaction with the
patient; aseptic procedures vs. contact with the patient intact skin. Finally, in two
studies the denominator did not rely on patient-worker interactions but on the overall
performance of an individual or a group. This finding of poor methods in conducting
and reporting of observational studies on hand hygiene and more broadly of healthcare

workers was reported elsewhere.*'®

Beyond the basic aspect of quality required for any observational study and described
by the STROBE guidelines,® future studies focusing on hand hygiene during labour
and delivery should design and report the following more clearly:

a) what sampling strategy was used to observe either workers, women, or

patient-worker interactions; and how facilities visits were scheduled;
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b) the methods used to ensure the quality of data collection in the study e.g.
data monitoring

c) the inter-observer agreement where multiple observers are employed;

d) the definition of hand hygiene following the WHO hand hygiene guidelines
(i.e. soap necessary for hand washing; which type of hand hygiene
opportunity e.g. before vs. after, touching intact skin vs. aseptic procedure;
denominator based on patient-worker interactions rather than individual or

group level performance);

Our findings of low birth attendants’ hand hygiene compliance are consistent with other
systematic reviews or multi-country studies in LMICs of hand hygiene among
healthcare workers more generally, which report compliance estimates ranging from
22% to 35% during non intervention periods.’®?' Similarly to these studies, our
estimates point to a slight lower compliance in LMICs compared to high-income
settings. With approximately 140 million women delivering worldwide, most of which
are in LMICs and at least half of which occur in healthcare facilities where quality of
care is suboptimal, these low estimates of hand hygiene compliance during
labour/delivery are worrisome.?*?>"3 |f correct, these estimates pose a substantial risk
to infection prevention during birth in LMICs where both mothers and newborns are still

largely affected by infection."*%’

None of the included studies reported any effect size for the association between

potential hand hygiene determinants. Two studies®"**

investigated the effect of two
different interventions on hand hygiene, a checklist on quality of care at birth and an
education program. Both were successful in increasing substantially the hand hygiene
compliance during labour/delivery. Given the nature of their study design — pre-post
intervention without a control ward, and with study participants who are no blinded —
and the fact that they only operated in one facility each, these interventions tell us more
about the feasibility of these interventions in these specific contexts compared to
anything conclusive about their scope for improving hand hygiene more widely in
LMICs. A follow-up trial of the WHO Safe Birth Checklist, which was not picked up by
our search because it did not mention hand hygiene terms in the title or abstract,
provides further evidence of low hand hygiene compliance before delivery during the
12 months intervention follow up at 12% (from 35% during the 2 month follow up) in the
intervention arm and less than 1% in the control arm (% stayed the same as during the
2 month follow up); this study also suggest the limited scope of the intervention to

achieve sustained hand hygiene change.®® Finally, we could only comment on the
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variance between and within facilities from one study because no other authors replied

to our request for this additional data.

Our systematic review covered four separate databases, has a clearly reported search
strategy adapted from previous systematic reviews on the topic, did not pose any
restrictions based on language, and used independent double screening and article
selection. A potential weakness is that our search might have missed articles which
included hand hygiene in the broader framework of quality of care during birth or
infection prevention and control and which did not mention hand hygiene in their title or
abstract, such as the Safe Birth Checklist trial.”® We did not assess publication bias,
but this would be more of an issue for intervention studies that found negative results
for example than for observational studies reporting on compliance estimates. Finally,
the set of health care facilities included in this systematic review is unlikely to represent
health care facilities across LMICs. Without random sampling from the reference
population of health care facilities (which none of the included studied did), estimates
of hand hygiene may be subject to selection bias stemming from researchers non-
random decisions about which facilities to study. For example, researchers may be
more likely to sample from higher volume facilities where deliveries are frequent than to
sample from lower volume facilities. Studies suggest that higher volume facilities are
better equipped for attending deliveries, but they maybe more prone to crowding which

in turn makes hand hygiene more challenging.”

In conclusion, we found nine articles reporting the hand hygiene compliance of
healthcare workers during labour and delivery in LMICs. Compliance including before
aseptic procedures opportunities for studies with larger sample sizes and clear
definitions was low, ranging between 1-28%. This is an opportunity for infection
prevention reduction during birth in LMICs facilities since effective interventions in this
area are likely to reduce infection rate among mothers and newborns. We also found
that the quality of many studies was suboptimal. In particular, future studies of hand
hygiene compliance during the labour ward should be designed with better sampling
frame, assess inter-observer agreement, use measures to improve quality of data

collection and report their hand hygiene definitions clearly.
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2.3.7. Additional Files

Additional File 1 - Systematic review search strategy

EMBASE

©ONOO AW

10.
11.
12.
13.

Handwashing/

(hand antisepsis or handwash$ or hand wash$ or hand disinfection or hand
hygiene or surgical scrub$).tw.

exp Hand/

exp Sterilization/

1or2

3and 4

50r6

exp maternity ward/

(maternit* or gynaecology* or gynecolog® or labour or labor or birth* or deliver* or
obstetric* or childbirth* or intrapartum).mp. [mp=title, abstract, heading word, drug
trade name, original title, device manufacturer, drug manufacturer, device trade
name, keyword]

8or9

7 and 10

Limit to Low and Middle Income Countries (LMICs — see full list below)

11 and 12

MEDLINE

1.
2.

©ONO O AW

10.
11.
12.
13.

Handwashing/

(hand antisepsis or handwash$ or hand wash$ or hand disinfection or hand
hygiene or surgical scrub$).tw.

exp Hand/

exp Sterilization/

1or2

3and 4

50r6

exp Hospitals, Maternity/

(maternity* or gynaecolog® or gynecolog® or labour or labor or deliver® or birth* or
obstetric* or childbirth* or intrapartum).mp. [mp=title, abstract, heading word, drug
trade name, original title, device manufacturer, drug manufacturer, device trade
name, keyword]

8or9

7 and 10

Limit to LMICs (see full list below)

11 and 12

CINHAL Plus

1.
2.

No ok

(MH* "Handwashing+")
(hand antisepsis or handwash* or hand
wash”* or hand disinfection or hand hygiene

or surgical scrub®)

1or2
Hand*
Sterilization*
4 and 5
3o0r6
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8. (MH "Delivery Rooms+")

9. Maternity* or gynaecolog® or gynecolog* or labour or labor or deliver® or birth* or
obstetric* or childbirth or intrapartum

10.8 0r 9

11.10and 7

12. Limiters — Mexico and South America, Asia, Africa, Middle East

WHO regional databases
(hand antiseps* handwash* OR hand hygiene OR hand wash* OR hand disinfection
OR surgical scrub OR hand sterilization) AND (Maternit* or gynaecolog* or gynecolog*

or labour or labor or deliver* or birth* or obstetric* or childbirth* or intrapart®)

LMICs country search strategy (developed by the London School of Hygiene and

Tropical Medicine librarian)

EMBASE

1. developing country/

2. low income country/

3. middle income country/

4. ((developing or less* developed or under developed or underdeveloped or middle
income or low* income or underserved or under served or deprived or poor*) adj
(economy or economies)).ti,ab.

5. ((developing or less* developed or under developed or underdeveloped or middle

income or low* income or underserved or under served or deprived or poor*) adj

(countr* or nation? or population? or world)).ti,ab.

(low* adj (gdp or gnp or gross domestic or gross national)).ti,ab.

(low adj3 middle adj3 countr®).ti,ab.

© N o

(Imic or Imics or third world or lami countr*).ti,ab.

9. transitional countr®.ti,ab.

10. global south.ti,ab.

11. "Africa south of the Sahara"/

12. ("africa south of the sahara" or sub-saharan africa or central africa or eastern africa
or southern africa or western africa).ti,ab.

13. Botswana/

14. (Botswana or Bechuanaland or Kalahari).ti,ab.

15. Equatorial Guinea/

16. (Equatorial Guinea or Spanish Guinea).ti,ab.

17. Gabon/

18. (Gabon or Gabonese Republic).ti,ab.

19. Mauritius/
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20. (Mauritius or Agalega Islands).ti,ab.
21. Namibia/

22. Namibia.ti,ab.

23. South Africa/

24. South Africa.ti,ab.

25. Angola/

26. angola.ti,ab.

27. Cameroon/

28. Cameroon.ti,ab.

29. Cape Verde/

30. (Cape Verde or Cabo Verde).ti,ab.
31. Congo/

32. (congo not ((democratic republic adj3 congo) or congo red or crimean-congo)).ti,ab.
33. Cote d'lvoire/

34. (Cote d'lvoire or Ivory Coast).ti,ab.
35. Ghana/

36. (Ghana or Gold Coast).ti,ab.

37. Kenya/

38. kenya.mp.

39. Lesotho/

40. (Lesotho or Basutoland).ti,ab.

41. Mauritania/

42. Mauritania.ti,ab.

43. Nigeria/

44. Nigeria.ti,ab.

45. "Sao Tome and Principe"/

46. (sao tome adj2 principe).ti,ab.

47. Sudan/

48. (Sudan not south sudan).ti,ab.

49. Swaziland/

50. Swaziland.ti,ab.

51. Zambia/

52. (Zambia or Northern Rhodesia).ti,ab.
53. Benin/

54. (Benin or Dahomey).ti,ab.

55. Burkina Faso/

56. (Burkina Faso or Burkina Fasso or Upper Volta).ti,ab.
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57.
58.
59.
60.
61.
. Chad.ti,ab.
63.
64.
65.
66.
67.
68.
69.
70.
71.
72.
73.
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74

89.
90.
91.

Burundi/

Burundi.ti,ab.

Central African Republic/

(Central African Republic or Ubangi-Shari).ti,ab.
Chad/

Comoros/

(Comoros or Comoro Islands or Mayotte or lles Comores).ti,ab.
"Democratic Republic Congo"/

((democratic republic adj2 congo) or belgian congo or zaire).ti,ab.
Eritrea/

Eritrea.ti,ab.

Ethiopia/

Ethiopia.ti,ab.

Gambia/

Gambia.ti,ab.

Guinea/

. (Guinea not (New Guinea or Guinea Pig* or Guinea Fowl)).ti,ab.
75.
76.
77.
78.
79.
80.
81.
82.
83.
84.
85.
86.
87.
88.

Guinea-Bissau/

(Guinea-Bissau or Portuguese Guinea).ti,ab.
Liberia/

Liberia.ti,ab.

Madagascar/

(Madagascar or Malagasy Republic).ti,ab.
Malawi/

(Malawi or Nyasaland).ti,ab.

Mali/

Mali.ti,ab.

Mozambique/

(Mozambique or Mocambique or Portuguese East Africa).ti,ab.

Niger/

(Niger not (Aspergillus or Peptococcus or Schizothorax or Cruciferae or Gobius or

Lasius or Agelastes or Melanosuchus or radish or Parastromateus or Orius or

Apergillus or Parastromateus or Stomoxys)).ti,ab.
Rwanda/
(Rwanda or Ruanda).ti,ab.

Senegal/
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92.
93.
94.
95.
96.
97.
98.
99.

100.
101.
102.
103.
104.
105.
106.
107.
108.
109.
110.
111.
112.
113.
114.
115.
116.
117.
118.
119.
120.
121.
122.
123.
124.
125.
126.
127.
128.

senegal.ti,ab.

Sierra Leone/

Sierra Leone.mp.

exp Somalia/

Somalia.ti,ab.

South Sudan/

south sudan.ti,ab.
Tanzania/

(Tanzania or Tanganyika or Zanzibar).ti,ab.
Togo/

(Togo or Togolese Republic).ti,ab.
Uganda/

Uganda.ti,ab.
Zimbabwe/

(Zimbabwe or Rhodesia).ti,ab.
Maldives/
Maldives.ti,ab.

Algeria/

Algeria.ti,ab.

Iran/

Iran.ti,ab.

exp lraq/

Iraq.ti,ab.

Jordan/

Jordan.ti,ab.

Lebanon/
Lebanon.ti,ab.

Libyan Arab Jamahiriya/
Libya.ti,ab.

Argentina/
Argentina.ti,ab.

Belize/

Belize.ti,ab.

exp Brazil/

Brazil.ti,ab.

Colombia/

Colombia.ti,ab.
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129.
130.
131.
132.
133.
134.
135.
136.
137.
138.
139.
140.
141.
142.
143.
144.
145.
146.
147.
148.
149.
150.
151.
152.
153.
154.
155.
156.
157.
158.
159.
160.
161.
162.
163.
164.
165.

Costa Rica/
Costa Rica.ti,ab.
Cuba/
Cuba.ti,ab.
Dominica/
Dominica.ti,ab.

Dominican Republic/

Dominican Republic.ti,ab.

Ecuador/
Ecuador.ti,ab.
Grenada/
Grenada.ti,ab.
Guyana/
Guyana.mp.
Jamaica/
Jamaica.ti,ab.
Mexico/
Mexico.ti,ab.
exp Panama/
Panama.ti,ab.
Paraguay/
Paraguay.mp.
Peru/
Peru.ti,ab.

Saint Lucia/

(St Lucia or Saint Lucia).ti,ab.

"Saint Vincent and the Grenadines"/

Grenadines.ti,ab.
Suriname/
Suriname.ti,ab.
Venezuela/
Venezuela.ti,ab.
Albania/
Albania.ti,ab.
Azerbaijan/
Azerbaijan.ti,ab.

Belarus/
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166. (belarus or byelarus or belorussia).ti,ab.

167. exp "Bosnia and Herzegovina"/

168. (bosnia or herzegovina).ti,ab.

169. Bulgaria/

170. Bulgaria.ti,ab.

171. Croatia/

172. croatia.ti,ab.

173. Kazakhstan/

174. (Kazakhstan or kazakh).ti,ab.

175. "Macedonia (Republic)"/

176. Macedonia.ti,ab.

177. "Montenegro (republic)"/

178. Montenegro.ti,ab.

179. Romania/

180. Romania.ti,ab.

181. exp Russian Federation/

182. USSR/

183. (Russia or Russian Federation or USSR or Union of Soviet Socialist Republics
or Soviet Union).mp.

184. exp Serbia/

185. serbia.ti,ab.

186. "Turkey (republic)"/

187. turkey.ti,ab. not animal/

188. Turkmenistan/

189. Turkmenistan.ti,ab.

190. Yugoslavia/

191. yugoslavia.ti,ab.

192. exp Samoan Islands/

193. american samoa.ti,ab.

194. exp China/

195. china.ti,ab.

196.  Fiji/

197. fiji.ti,ab.

198. Malaysia/

199. malaysia.ti,ab.

200. Marshall Islands/

201. marshall islands.ti,ab.
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202. Nauru/

203. nauru.ti,ab.

204. ("independent state of samoa" or (samoa not american samoa) or western
samoa or navigator islands or samoan islands).ti,ab.

205. Thailand/

206. Thailand.ti,ab.

207. Tonga/
208. tonga.ti,ab.
209. Tuvalu/

210. Tuvalu.ti,ab.

211. Bangladesh/

212. Bangladesh.ti,ab.
213. Bhutan/

214. Bhutan.ti,ab.

215. exp India/

216. India.ti,ab.

217. exp Pakistan/

218. Pakistan.ti,ab.

219.  Sri Lanka/

220. Sri Lanka.ti,ab.

221. Dijibouti/

222. (Djibouti or French Somaliland).ti,ab.
223. Egypt/

224. Egypt.ti,ab.

225. Jordan/

226. Jordan.ti,ab.

227. Morocco/

228. Morocco.ti,ab.

229. Syrian Arab Republic/
230. (Syria or Syrian Arab Republic).ti,ab.
231.  Tunisia/

232. tunisia.mp.

233. Palestine/

234. Gaza.ti,ab.

235. Yemen/
236. Yemen.ti,ab.
237. Bolivia/
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238. Bolivia.ti,ab.
239. El Salvador/
240. El Salvador.ti,ab.
241. Guatemala/

242. Guatemala.ti,ab.
243. Honduras/

244. Honduras.ti,ab.
245. Nicaragua/

246. Nicaragua.ti,ab.
247. Armenia/

248. Armenia.ti,ab.
249. "Georgia (Republic)"/
250. Kosovo/

251. Kosovo.ti,ab.
252. Kyrgyzstan/

253. (kyrgyzstan or kyrgyz republic or kirghizia or kirghiz).ti,ab.
254. Moldova/

255. Moldova.ti,ab.
256. Tajikistan/

257. (tajikistan.ti,ab.
258. exp Ukraine/
259. Ukraine.ti,ab.
260. Uzbekistan/

261. Uzbekistan.ti,ab.
262. Cambodia/

263. cambodia.ti,ab.
264. exp Indonesia/

265. indonesia.ti,ab.

266. Kiribati/
267. Kiribati.ti,ab.
268. Laos/

269. (laos or (lao adj1 democratic republic)).ti,ab.

270. "Marshall Islands"/

271. "Federated States of Micronesia"/

272. (marshall island* or caroline island* or ellice island* or gilbert island* or johnston
island* or mariana island* or micronesia or pacific island*).ti,ab.

273. Mongolia/
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274.

mongolia.ti,ab.

275. Myanmar/

276. (myanmar or burma).ti,ab.
277. Papua New Guinea/

278. Papua New Guinea.ti,ab.
279. Philippines/

280. Philippines.ti,ab.

281. Timor-Leste/

282. Timor-Leste.ti,ab.

283. Vanuatu/

284. Vanuatu.ti,ab.

285. Viet Nam/

286. (Viet Nam or vietnam).ti,ab.
287. Afghanistan/

288. Afghanistan.ti,ab.

289. Nepal/

290. Nepal.ti,ab.

291. Haiti/

292. Haiti.ti,ab.

293. "North Korea"/

294. (north korea or (democratic people* republic adj2 korea)).ti,ab.
295. 0r/12-305 [ALL LMICs]
296. 11 and 306

MEDLINE

1.

© N o 0o bk w

((developing or less* developed or under developed or underdeveloped or middle
income or low* income or underserved or under served or deprived or poor*) adj
(economy or economies)).ti,ab.

((developing or less* developed or under developed or underdeveloped or middle
income or low* income or underserved or under served or deprived or poor*) adj
(countr* or nation? or population? or world)).ti,ab.

(low* adj (gdp or gnp or gross domestic or gross national)).ti,ab.

(low adj3 middle adj3 countr®).ti,ab.

(Imic or Imics or third world or lami countr*).ti,ab.

transitional countr®.ti,ab.

global south.ti,ab.

Developing Countries/
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10.

11.

12

22.
23.
24.
25.
26.
27.
28.
29.
30.
31.
32.
33.
34.
35.
36.
37.
38.
39.

40

"africa south of the sahara"/ or africa, central/ or africa, eastern/ or africa, southern/
or africa, western/

("africa south of the sahara" or sub-saharan africa or central africa or eastern africa
or southern africa or western africa).ti,ab.

"Democratic People's Republic of Korea"/

. (north korea or (democratic people* republic adj2 korea)).ti,ab.
13.
14.
15.
16.
17.
18.
19.
20.
21.

Cambodia/

cambodia.ti,ab.

Indonesia/

indonesia.ti,ab.

Micronesia/

Kiribati.ti,ab.

Laos/

(laos or (lao adj1 democratic republic)).ti,ab.
(marshall island* or caroline island* or ellice island* or gilbert island* or johnston
island* or mariana island* or micronesia or pacific island*).ti,ab.
Mongolia/

mongolia.ti,ab.

Myanmar/

(myanmar or burma).ti,ab.

Papua New Guinea/

Papua New Guinea.ti,ab.

Philippines/

Philippines.ti,ab.

Timor-Leste/

Timor-Leste.ti,ab.

Vanuatu/

Vanuatu.ti,ab.

Vietnam/

(Viet Nam or Vietnam).ti,ab.

American Samoa/

american samoa.ti,ab.

exp China/

china.ti,ab.

. Fiji/
41.
42.

fiji.ti,ab.
Malaysia/
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43.
44.
45.
46.
47.
48.

49.
50.
51.
52.
53.
54.
55.
56.
57.
58.
59.
60.
61.
62.
63.
64.
65.
66.
67.
68.
69.
70.
71.
72.
73.
74.
75.
76.
77.
78.

malaysia.ti,ab.
marshall islands.ti,ab.
nauru.ti,ab.

samoa/

"independent state of samoa"/

("independent state of samoa" or (samoa not american samoa) or western samoa

or navigator islands or samoan islands).ti,ab.

Thailand/
Thailand.ti,ab.
Tonga/

tonga.ti,ab.
Tuvalu.ti,ab.
Armenia/
Armenia.ti,ab.
"Georgia (Republic)"/
Kosovo/
Kosovo.ti,ab.

Kyrgyzstan/

(kyrgyzstan or kyrgyz republic or kirghizia or kirghiz).ti,ab.

Moldova/

Moldova.ti,ab.

Tajikistan/

tajikistan.ti,ab.

Ukraine/

Ukraine.ti,ab.

Uzbekistan/

Uzbekistan.ti,ab.

Albania/

Albania.ti,ab.

Azerbaijan/

Azerbaijan.ti,ab.

"Republic of Belarus"/
(belarus or byelarus or belorussia).ti,ab.
Bosnia-Herzegovina/

(bosnia or herzegovina).ti,ab.
Bulgaria/

Bulgaria.ti,ab.
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79. Croatia/

80. croatia.ti,ab.

81. Kazakhstan/

82. (Kazakhstan or kazakh).ti,ab.

83. "Macedonia (Republic)"/

84. Macedonia.ti,ab.

85. Montenegro/

86. Montenegro.ti,ab.

87. Romania/

88. Romania.ti,ab.

89. exp Russia/

90. USSR/

91. (Russia or Russian Federation or USSR or Union of Soviet Socialist Republics or
Soviet Union).mp.

92. Serbia/

93. serbia.ti,ab.

94. Turkey/

95. turkey.ti,ab. not animal/

96. Turkmenistan/

97. Turkmenistan.ti,ab.

98. Yugoslavia/

99. yugoslavia.ti,ab.

100. Haiti/
101.  Haiti.ti,ab.
102. Bolivia/

103. Bolivia.ti,ab.
104. El Salvador/
105. El Salvador.ti,ab.
106. Guatemala/
107. Guatemala.ti,ab.
108. Honduras/

109. Honduras.ti,ab.
110. Nicaragua/

111.  Nicaragua.ti,ab.
112. Argentina/

113. Argentina.ti,ab.
114. Belize/
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115. Belize.ti,ab.

116. Brazil/

117. Brazil.ti,ab.

118. Colombia/

119. Colombia.ti,ab.

120. Costa Rica/

121. Costa Rica.ti,ab.
122. Cuba/

123. Cuba.ti,ab.

124. Dominica/

125. Dominica.ti,ab.

126. Dominican Republic/
127. Dominican Republic.ti,ab.
128. Ecuador/

129. Ecuador.ti,ab.

130. Grenada/

131. Grenada.ti,ab.

132. Guyana/

133.  Guyana.mp.

134. Jamaica/

135. Jamaica.ti,ab.

136. Mexico/

137. Mexico.ti,ab.

138. exp Panama/

139. Panama.ti,ab.

140. Paraguay/

141. Paraguay.mp.

142. Peru/

143. Peru.ti,ab.

144. Saint Lucia/

145. (St Lucia or Saint Lucia).ti,ab.
146. "Saint Vincent and the Grenadines"/
147. Grenadines.ti,ab.
148. Suriname/

149. Suriname.ti,ab.

150. Venezuela/

151. Venezuela.ti,ab.
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152.
153.
154.
155.
156.
157.
158.
159.
160.
161.
162.
163.
164.
165.
166.
167.
168.
169.
170.
171.
172.
173.
174.
175.
176.
177.
178.
179.
180.
181.
182.
183.
184.
185.
186.
187.
188.

Djibouti/

(Djibouti or French Somaliland).ti,ab.

Egypt/
Egypt.ti,ab.

Jordan/
Jordan.ti,ab.
Morocco/
Morocco.ti,ab.

Syria/

(Syria or Syrian Arab Republic).ti,ab.

Tunisia/
tunisia.mp.
Gaza.ti,ab.
Yemen/
Yemen.ti,ab.
Algeria/
Algeria.ti,ab.
Iran/
Iran.ti,ab.
Iraqg/
Iraq.ti,ab.
Jordan/
Jordan.ti,ab.
Lebanon/
Lebanon.ti,ab.
Libya/
Libya.ti,ab.
Afghanistan/

Afghanistan.ti,ab.

Nepal/
Nepal.ti,ab.
Bangladesh/

Bangladesh.ti,ab.

Bhutan/
Bhutan.ti,ab.
exp India/
India.ti,ab.
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189.
190.
191.
192.
193.
194.
195.
196.
197.
198.
199.
200.
201.
202.
203.
204.
205.
206.
207.
208.
209.
210.
211.
212.
213.
214.
215.
216.
217.
218.
219.
220.
221.
222.
223.
224.
225.

Pakistan/

Pakistan.ti,ab.

Sri Lanka/

Sri Lanka.ti,ab.

Indian Ocean Islands/

Maldives.ti,ab.

Benin/

(Benin or Dahomey).ti,ab.

Burkina Faso/

(Burkina Faso or Burkina Fasso or Upper Volta).ti,ab.
Burundi/

Burundi.ti,ab.

Central African Republic/

(Central African Republic or Ubangi-Shari).ti,ab.
Chad/

Chad.ti,ab.

Comoros/

(Comoros or Comoro Islands or Mayotte or lles Comores).ti,ab.
"Democratic Republic of the Congo"/

((democratic republic adj2 congo) or belgian congo or zaire).ti,ab.
Eritrea/

Eritrea.ti,ab.

Ethiopia/

Ethiopia.ti,ab.

Gambia/

Gambia.ti,ab.

Guinea/

(Guinea not (New Guinea or Guinea Pig* or Guinea Fowl)).ti,ab.
Guinea-Bissau/

(Guinea-Bissau or Portuguese Guinea).ti,ab.

Liberia/

Liberia.ti,ab.

Madagascar/

(Madagascar or Malagasy Republic).ti,ab.

Malawi/

(Malawi or Nyasaland).ti,ab.

Mali/
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226. Mali.ti,ab.

227. Mozambique/

228. (Mozambique or Mocambique or Portuguese East Africa).ti,ab.

229. Niger/

230. (Niger not (Aspergillus or Peptococcus or Schizothorax or Cruciferae or Gobius
or Lasius or Agelastes or Melanosuchus or radish or Parastromateus or Orius or
Apergillus or Parastromateus or Stomoxys)).ti,ab.

231. Rwanda/

232. (Rwanda or Ruanda).ti,ab.

233. Senegal/

234. senegal.ti,ab.

235. Sierra Leone/

236. Sierra Leone.mp.

237. Somalia/

238. Somalia.ti,ab.

239. South Sudan/

240. south sudan.ti,ab.

241. Tanzania/

242. (Tanzania or Tanganyika or Zanzibar).ti,ab.

243. Togo/

244. (Togo or Togolese Republic).ti,ab.

245. Uganda/

246. Uganda.ti,ab.

247. Zimbabwe/

248. (Zimbabwe or Rhodesia).ti,ab.

249. Angola/

250. angola.ti,ab.

251. Cameroon/

252. Cameroon.ti,ab.

253. Cape Verde/

254. (Cape Verde or Cabo Verde).ti,ab.

255. Congo/

256. (congo not ((democratic republic adj3 congo) or congo red or crimean-
congo)).ti,ab.

257. Cote d'lvoire/

258. (Cote d'lvoire or lvory Coast).ti,ab.

259. Ghana/
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260.
261.
262.
263.
264.
265.
266.
267.
268.
269.
270.
271.
272.
273.
274.
275.
276.
277.
278.
279.
280.
281.
282.
283.
284.
285.
286.
287.
288.
289.

(Ghana or Gold Coast).ti,ab.

Kenya/

kenya.mp.

Lesotho/

(Lesotho or Basutoland).ti,ab.
Mauritania/

Mauritania.ti,ab.

Nigeria/

Nigeria.ti,ab.

Atlantic Islands/

(sao tome adj2 principe).ti,ab.
Sudan/

(Sudan not south sudan).ti,ab.
Swaziland/

Swaziland.ti,ab.

Zambia/

(Zambia or Northern Rhodesia).ti,ab.
Botswana/

(Botswana or Bechuanaland or Kalahari).ti,ab.
Equatorial Guinea/

(Equatorial Guinea or Spanish Guinea).ti,ab.
Gabon/

(Gabon or Gabonese Republic).ti,ab.
Mauritius/

(Mauritius or Agalega Islands).ti,ab.
Namibia/

Namibia.ti,ab.

South Africa/

South Africa.ti,ab.

or/1-288 [ALL LMIC]
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Checklist item

Reported

Section/topic on page #
TITLE
Title Identify the report as a systematic review, meta-analysis, or both. Page 37
ABSTRACT
Structured summary Provide a structured summary including, as applicable: background; objectives; data sources; study eligibility criteria, | Page 38
participants, and interventions; study appraisal and synthesis methods; results; limitations; conclusions and
implications of key findings; systematic review registration number.
INTRODUCTION
Rationale Describe the rationale for the review in the context of what is already known. Page 39
Objectives Provide an explicit statement of questions being addressed with reference to participants, interventions, comparisons, | Page 39,
outcomes, and study design (PICOS). last
paragraph
METHODS
Protocol and registration Indicate if a review protocol exists, if and where it can be accessed (e.g., Web address), and, if available, provide Page 40, |
registration information including registration number. paragraph.
Eligibility criteria Specify study characteristics (e.g., PICOS, length of follow-up) and report characteristics (e.g., years considered, Page 40, I
language, publication status) used as criteria for eligibility, giving rationale. paragraph.
Information sources Describe all information sources (e.g., databases with dates of coverage, contact with study authors to identify Page 40, |
additional studies) in the search and date last searched. paragraph.
Page 41, |
paragraph.
Search Present full electronic search strategy for at least one database, including any limits used, such that it could be Additional
repeated. File |
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Study selection 9 | State the process for selecting studies (i.e., screening, eligibility, included in systematic review, and, if applicable, Pages 40-
included in the meta-analysis). 41.
Methods
section
Data collection process 10 | Describe method of data extraction from reports (e.g., piloted forms, independently, in duplicate) and any processes Pages 40
for obtaining and confirming data from investigators. last
paragraph;
Page 41
Data items 11 | List and define all variables for which data were sought (e.g., PICOS, funding sources) and any assumptions and Page 40,
simplifications made. last
paragraph.
Page 41
Risk of bias in individual 12 | Describe methods used for assessing risk of bias of individual studies (including specification of whether this was Page 41, Il
studies done at the study or outcome level), and how this information is to be used in any data synthesis. paragraph.
Page 42, lI
paragraph
Summary measures 13 | State the principal summary measures (e.g., risk ratio, difference in means). Page 42, I
paragraph
Synthesis of results 14 | Describe the methods of handling data and combining results of studies, if done, including measures of consistency Page 42, I
(e.g., % for each meta-analysis. paragraph

1
- Page 1 of 2

Section/topic Checklist item Reported
on page #
Risk of bias across studies 15 | Specify any assessment of risk of bias that may affect the cumulative evidence (e.g., publication bias, selective NA Page
reporting within studies). 59,
paragraph.
Additional analyses 16 | Describe methods of additional analyses (e.g., sensitivity or subgroup analyses, meta-regression), if done, indicating | NA

which were pre-specified.
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RESULTS

Study selection 17 | Give numbers of studies screened, assessed for eligibility, and included in the review, with reasons for exclusions at | Figure 2.1;
each stage, ideally with a flow diagram. Page 42,
last
paragraph.
Study characteristics 18 | For each study, present characteristics for which data were extracted (e.g., study size, PICOS, follow-up period) and | Table 2.1
provide the citations.
Risk of bias within studies 19 | Present data on risk of bias of each study and, if available, any outcome level assessment (see item 12). Table 2.1;
Figure 2.2
Results of individual studies 20 | For all outcomes considered (benefits or harms), present, for each study: (a) simple summary data for each Page 54,
intervention group (b) effect estimates and confidence intervals, ideally with a forest plot. 55, 56
(Results
section)
Tables 2.2
and 2.3
Synthesis of results 21 | Present results of each meta-analysis done, including confidence intervals and measures of consistency. NA
Risk of bias across studies 22 | Present results of any assessment of risk of bias across studies (see Item 15). NA
Additional analysis 23 | Give results of additional analyses, if done (e.g., sensitivity or subgroup analyses, meta-regression [see Item 16]). NA
DISCUSSION
Summary of evidence 24 | Summarize the main findings including the strength of evidence for each main outcome; consider their relevance to Page 56,
key groups (e.g., healthcare providers, users, and policy makers). last
paragraph
(continues
on page
57).
Limitations 25 | Discuss limitations at study and outcome level (e.g., risk of bias), and at review-level (e.g., incomplete retrieval of Page 57, Il
identified research, reporting bias). paragraph.
Page 58,
last
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paragraph.

Page 59, I
paragraph.
Conclusions 26 | Provide a general interpretation of the results in the context of other evidence, and implications for future research. Page 59,
_Ummmnm@ﬂmu:.
FUNDING
Funding 27 | Describe sources of funding for the systematic review and other support (e.g., supply of data); role of funders for the | Page 60

systematic review.

From: Moher D, Liberati A, Tetzlaff J, Altman DG, The PRISMA Group (2009). Preferred Reporting Items for Systematic Reviews and Meta-Analyses: The PRISMA Statement. PLoS Med 6(7): e1000097.

doi:10.1371/journal.pmed1000097

For more information, visit: www.prisma-statement.org.

Page 2 of 2
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Additional File 3 — ORION checklist

Original checklist for abstract revision available from

https://www.ucl.ac.uk/antimicrobial-resistance/sites/antimicrobial-

resistance/files/checklist abstracts.pdf

Author Spector et al (2012)™
Title 1. Clear statement that this is an Intervention as it states
intervention study or an outbreak report that it pilots the WHO
safe childbirth checklist
program
Background | 2. Rationale for study with clear hypothesis | Rationale and explicit
for intervention studies or objective for hypotheses
outbreak reports
Methods 3. Clear statement of intervention study Described as a pre-

design or case definition for outbreak report

post intervention study
(no controls mentioned)
Two time points

assessed

4. Brief description of setting, participants,
and intervention or outbreak control

measures with start and stop dates

Setting, participants
and intervention clear

Start and stop dates

stated
5. Clearly defined outcomes and Clearly defined
denominators at regular intervals, not as outcomes

totals for each phase (can be in results)

6. Statistical analysis accounts for any
dependencies in the data (can be in results

instead)

Not accounted for

7. Which potential biases or confounders
were considered, recorded or adjusted for

(can be in results instead)

Potential biases
considered.
Confounders not

assessed

8. Where relevant: details of culture, typing,

environmental sampling, and risk factors for

Not mentioned
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acquisition, root cause analysis or

organisational risk assessment

Results 9. For the main outcomes: estimated effect | Proportion compliance
size & its precision (usually using 95% C.1.) | reported for period
(A graphical summary is often appropriate before, and one after
for dependent data -such as most time the intervention with
series). precision estimates too.
Not graphical
representation
Conclusions | 10. For intervention studies: consider in Original hypothesis
relation to original hypothesis, accounting addressed
for potential confounders & biases.
For outbreak reports: consider clinical
significance of observations and hypothesis
to explain them.
Author Phan et al. 2018
Title 1. Clear statement that this is an Intervention is clearly
intervention study or an outbreak report stated i.e. an education
program to improve
hand hygiene
Background | 2. Rationale for study with clear hypothesis | Rationale is clear
for intervention studies or objective for Direction of intervention
outbreak reports effect is not explicit in
the hypothesis
Methods 3. Clear statement of intervention study Design not explicitly

design or case definition for outbreak report

reported. It reports that
compliance was
monitored monthly for
six months following

the intervention

4. Brief description of setting, participants,
and intervention or outbreak control

measures with start and stop dates

Setting and participants
described. Description
of the intervention
limited. No dates

available
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5. Clearly defined outcomes and
denominators at regular intervals, not as

totals for each phase (can be in results)

Clearly defined
outcomes. More details
could be added on type
of opportunities

observed.

6. Statistical analysis accounts for any
dependencies in the data (can be in results

instead)

Not accounted for

7. Which potential biases or confounders
were considered, recorded or adjusted for

(can be in results instead)

Not considered

8. Where relevant: details of culture, typing,
environmental sampling, and risk factors for
acquisition, root cause analysis or

organisational risk assessment

Not mentioned

Results 9. For the main outcomes: estimated effect | Proportion compliance
size & its precision (usually using 95% C.1.) | reported for period
(A graphical summary is often appropriate before, and one after
for dependent data -such as most time the intervention with
series). precision estimates too.
Graphical summary
available
Conclusions | 10. For intervention studies: consider in Considered original

relation to original hypothesis, accounting
for potential confounders & biases.

For outbreak reports: consider clinical
significance of observations and hypothesis

to explain them.

hypothesis. Not
consideration of

limitations
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3. ENVIRONMENTAL DETERMINANTS REQUIRED TO
SUPPORT HAND HYGIENE IN ZANZIBAR MATERNITY UNITS
(PHD OBJECTIVE 2)

3.1. Preamble

We conducted a mixed-methods cross-sectional study to assess the enabling factors of
key clean practices necessary at birth: clean hands, clean cord cutting and clean
delivery surface. This research was developed with the aim of providing the Zanzibar
MoH with an in-depth picture of the state of hygiene in maternity wards, so as to inform
action. This manuscript aims at describing the context (availability of infrastructure,
policies and procedures, training and staffing levels) that should enable the
performance of hand hygiene amongst birth attendants for Objective 2 of this PhD. The
manuscript is however broader than that and covers the context that enables other

clean practices necessary at birth.

| participated in the study design, adapted the tools and planned the data collection for
this study prior to the start of the PhD with oversight from Wendy Graham, one of my
PhD advisory members and senior author of this manuscript. Even though |
participated in conceptualizing the objectives and tool development for the
microbiology and qualitative sections of this manuscript, | did not have a leading role in
finalising the tools and carrying out the primary analysis of the data that these tools
generated. Wendy Graham also secured the funding for this project. The project was a
research partnership between the London School of Hygiene and Tropical Medicine,
The Soapbox Collaborative, the Public Health Laboratory-lvo de Carneri Foundation,
WaterAid, and the Ministry of Health of Zanzibar. During the PhD | conceptualized the
analysis framework, which combines the WHO “clean” framework and the WHO
Infection Prevention and Control Core Components. In addition, | analysed the data
and wrote the first draft of this manuscript; | also led on the revisions from co-authors

and reviewers for publication.

The WHO cleans framework refers a list of important clean birth practices (for example
clean hands), which was presented by the World Health Organization (WHO). We
investigated four out of the six cleans: clean hands, clean cord (clamping and cutting),
and a clean birth surface. The clean perineum of the mother at birth was excluded

because of the weak evidence base for this clean and the postpartum skincare of the
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newborn was excluded because we were focused on intrapartum care for data

collection.

The manuscript is formatted in accordance with the Health Policy and Planning
requirements. As the manuscript is already published, a copy of the PDF version is
available in Appendix Il (A) (page 271) along with the ethics approvals in Appendix IlI
(page 332).

To add to the already published paper, | provide the following tools: walk-through and
semi-structured interviews respectively in Appendices Il (B) (page 282) and Il (C) (page
304). In addition, the STROBE checklist relevant to this chapter is in Appendix Il (D)
(page 329).

| presented this work in a poster presentation at the following conferences:

+ 6" Infection Control Africa network Congress 2016. 25-28" of September 2016.
Johannesburg, South Africa. “Actionable information: unpacking the
determinants of hand, cord and birth-surface hygiene in Zanzibar maternity
units.” Giorgia Gon, Catriona Towriss, Catherine Kahabuka, Said M. Ali, Siti M.
Ali, Ali O. Ali, Sue Cavill, Mohammed Dahoma, Haiji S. Haji, Ibrahim Kabole,
Emma Morrison, Rukaiya M. Said, Amour Tajo, Yael Velleman, Susannah
Woodd, Wendy J. Graham

» Fourth global symposium on health system research. 14-18" November 2016. .
“Actionable information: unpacking the determinants of hand, cord and birth-
surface hygiene in Zanzibar maternity units.” Giorgia Gon, Catriona Towriss,
Catherine Kahabuka, Said M. Ali, Siti M. Ali, Ali O. Ali, Sue Cavill, Mohammed
Dahoma, Haiji S. Haji, Ibrahim Kabole, Emma Morrison, Rukaiya M. Said,

Amour Tajo, Yael Velleman, Susannah Woodd, Wendy J. Graham
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