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Abstract

Background It is uncertain what could be the best training methods for infection prevention and control
when an infectious disease threat is active or imminent in especially vulnerable or resource-scarce settings.

Methods A scoping review was undertaken to find and summarise relevant information about training modalities,
replicability and effectiveness of IPC training programmes for clinical staff as reported in multiple study designs. Eligi-
ble settings were conflict-affected or in countries classified as low-income or lower-middle income (World Bank 2022
classifications). Search terms for LILACS and Scopus were developed with input of an expert working group. Initially
found articles were dual-screened independently, data were extracted especially about infection threat, training
outcomes, needs assessment and teaching modalities. Backwards and forwards citation searches were done to find
additional studies. Narrative summary describes outcomes and aspects of the training programmes. A customised
quality assessment tool was developed to describe whether each study could be informative for developing specific
future training programmes in relevant vulnerable settings, based on six questions about replicability and eight ques-
tions about other biases.

Findings Included studies numbered 29, almost all (n=27) were pre-post design, two were trials. Information

within the included studies to enable replicability was low (average score 3.7/6). Nearly all studies reported significant
improvement in outcomes suggesting that the predominant study design (pre-post) is inadequate to assess improve-
ment with low bias, that any and all such training is beneficial, or that publication bias prevented reporting of less suc-
cessful interventions and thus a informative overview.

Conclusion [t seems likely that many possible training formats and methods can lead to improved worker knowl-
edge, skills and / or practice in infection prevention and control. Definitive evidence in favour of any specific training
format or method is hard to demonstrate due to incomplete descriptions, lack of documentation about unsuccessful
training, and few least-biased study designs (experimental trials). Our results suggest that there is a significant oppor-
tunity to design experiments that could give insights in favour of or against specific training methods. “Sleeping”
protocols for randomised controlled trials could be developed and then applied quickly when relevant future events
arise, with evaluation for outcomes such as knowledge, practices, skills, confidence, and awareness.
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Background

A survey of health and care workers in low or lower
middle countries in 2017-18 suggested that infection
prevention and control (IPC) training while in post was
unusual in many countries (reported in 54% of respond-
ent countries [1]). Moreover, such training may only
happen when there is already a defined infectious threat
present or likely to arrive imminently. A highly respon-
sive strategy in developing and delivering IPC train-
ing means opportunity to customise training formats
and methods for local workforce contexts and curricula
with regard to very specific pathogens and transmission
pathways. However, the context of needing to deliver
training urgently with little advance notice of specific
pathogen or local context means that such training may
be designed and delivered hurriedly, and with minimal
setting-specific needs assessment and little evaluation for
effectiveness.

As part of past pandemic recovery and future pan-
demic preparedness, it is useful to collate evidence about
which IPC training methods have been applied in specific
settings or contexts. Evidence would be especially use-
ful that could be used to inform ongoing development
of best training delivery guidelines in settings that may
be described as fragile, conflict-affected or otherwise
vulnerable (FCV). Best quality evidence may be defined
with regard to completeness of reporting (if the training
methods are replicable) as well as evidence of effective-
ness (desired outcomes). We searched on Google Scholar
and Prospero in August 2023 for completed or registered
systematic or scoping reviews addressing the topic of
emergency IPC training in vulnerable settings. The most
similar and comprehensive existing systematic review
(Nayahangan et al. 2021; [2]) described medical and/
or nursing training (delivered for any clinical training
purpose, not just IPC) delivered during viral epidemics
(only). The search date for the Nayahangan et al. review
was April 2020, more than 3 years before our own study
commenced. Systematic literature reviews may be con-
sidered ‘out of date’ by two years after their most recent
search date [3]. Nayahangan et al. included clinical set-
tings in any country and was not confined to training
delivered in emergency or urgent contexts (readiness or
response phases [4, 5]). Nayahangan et. al. performed
quality assessment using the Educational Interventions
Checklist [6] which focuses on replicability and mapping
of reported teaching methods in the primary research,
but only indirectly addresses effectiveness. Nayahangan
et. al. concluded that previous studies had used a vari-
ety of training methods and settings but few training
methods had been related to specific patient or other
epidemic outcomes. Another somewhat similar previ-
ous systematic review was Barrera-Cancedda et al. [7]
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which described and assessed IPC training strategies in
sub-Saharan Africa for nurses. Most of the strategies they
found and described were during “business as usual” con-
ditions, rather than readiness or response phases of an
outbreak or epidemic presenting imminent threat. Their
quality assessment tools were for assessing bias in effec-
tiveness rather than replicability. Their focus was nar-
rowly on nurses in a specific geographic region. Their
conclusions arose from considering evidence that went
far beyond staff training methods. Barrera-Cancedda
et al. concluded that creating good future guidelines for
evidence-based practice required that additional primary
research to be undertaken from an implementation sci-
ence-specific perspective.

A challenge in emergency IPC training manifest dur-
ing the Covid-19 pandemic is inherent to other emerg-
ing diseases: early in an outbreak situation there is often
uncertainty about the best IPC practices. The actual best
practices may vary according to predominant disease
transmission pathway(s) that are not yet well-under-
stood. There is merit in considering evidence according
to what disease(s) are being prepared for.

This study aimed to provide an updated evidence sum-
mary about IPC training formats and apparent effec-
tiveness in a scoping review design. We collected and
summarised evidence about IPC training formats and
methods as delivered in FCV settings when there was an
active infectious disease present (response phase) or the
infection arrival was fairly imminent (expected within 6
months, readiness phase) [4, 5]. We undertook a scop-
ing review of IPC training programmes reported in peer
reviewed scientific literature to summarise which train-
ing formats or methods had been described in FCV
settings, and to describe how often such training was
associated with success in these settings. Key effective-
ness outcomes were: knowledge, skills, compliance, case
counts or case mortality while training delivery was sum-
marised according to key features such as format, dura-
tion and delivery mode.

Methods

PROSPERO registration number is CRD42023472400.
We originally planned to undertake a systematic review
but later realised that answering our research question
was better suited to a scoping review format, where evi-
dence is summarised narratively with respect to creat-
ing a comprehensive overview of evidence rather than
obtaining evidence to be evaluated for effectiveness.
There were two other notable deviations from protocol:
we did not use the Covidence platform and we decided to
develop and apply a customised quality assessment (QA)
checKklist instead of originally listed QA instruments. This
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article is one of several outputs arising from the same
protocol.

Population

Training programmes had to take place in FCV settings
or for staff about to be deployed to FCV settings. Frag-
ile or vulnerable settings were defined as being in coun-
tries that were designated as low income or lower-middle
income by the (World Bank 2022 classification; [8]). Con-
flicted-affected settings were determined using reader
judgement for individual studies, and had to feature con-
current with the training and care delivery, high threat
of armed violence or civil unrest. Participants had to be
health care professionals (HCPs), social care staff, stu-
dent or trainee HCPs or trainee social care staff working
in an FCV setting. If in doubt about whether the partici-
pants qualified, we deferred to World Health Organisa-
tion occupational definitions [9]. Voluntary carers such
as family members or community hygiene champions
as targets were excluded. Eligible interventions could be
described as training or education related to any aspect
of IPC outcomes.

Intervention

The training programme could be any training or educa-
tion that was delivered in a response phase (when there
was a concurrently present infectious disease threat) or
in the readiness phase [5], when there was high risk that
the infectious threat would become present in the clini-
cal environment within six months, such as soon after
Covid-19 was declared to be a public health threat of
international concern in January 2020.

Comparator

Comparators were either the same cohort measured at
baseline or a contemporaneous cohort in same setting
who did not receive IPC training.

Effectiveness outcomes

Changes in individual knowledge, skills, adherence (com-
pliance or practice), case counts or mortality related to
infection were primary effectiveness outcomes. These
were chosen because preliminary searches suggested
they were commonly reported outcomes in the likely
literature. Most of these were immediate benefits that
could result as soon as training was completed. We also
included case incidence and infection-related mortality
as primary outcomes because we knew from preliminary
literature searches that these were often the only spe-
cific outcomes reported after IPC training. Secondary
outcomes (data only collected from articles with at least
one primary outcome) were attitudes, acceptability of the

Page 3 of 15

training, self-efficacy, confidence, trust in IPC, aware-
ness, index-of-suspicion, ratings for value or relevance
of the training, objectives of the training, lessons learned
about training needs or recommendations about train-
ing needs to be addressed in similar subsequent training
programmes.

Outcomes could be objectively- or self-assessed. We
wanted to extract outcomes that could be most compa-
rable between studies (not adjusted for heterogenous
covariates) and that were objectively assessed rather than
self-reported, if possible. Hence, objectively assessed
outcomes were extracted and are reported if both objec-
tively- and self-assessed outcomes were available, else
self-reported outcomes were extracted and are reported.
We extracted and report unadjusted outcomes where
available, but adjusted results after post-processing (such
as using regression models) were extracted if no unad-
justed results were reported.

Inventory and description of training methods

Specific aspects of how training was delivered were key
to understanding the potential that each training pro-
gramme might have to achieve replicable results else-
where. We used an iterative process with an expert
working group giving advice to develop a list of training
features such as setting, duration, target participants and
programme design (see list below). These categorisations
are not presented as definitive but rather they were prag-
matically determined attributes for what information
could be gathered in the eligible studies and that directly
inform how replicable each education programme was,
and how generalisable its results might be in other set-
tings/with other target participants. We extracted infor-
mation from the studies to categorise the training that
they described according to the below features. Mul-
tiple answers were possible for many of these features.
“Unclear” or “Mixture” were possible answers, too.

Where (location). Off-site without real patients; in
house but not while caring for patients; on the job train-
ing (during patient care).

Length of the training session(s): such as 1 h on one
day, or 6 sessions over 8 weeks, etc.

When (timing with respect to possible threat): Pre-
deployment to clinical environment; in post or as con-
tinuing professional development.

Mode (of delivery): 3 options which were: face to face;
blended (a mix of face to face and online) or hybrid (face
to face with opportunity for some participants to join in
remotely); only digital: e.g. digital resources uploaded to
an USB stick or online via an online platform, either syn-
chronous or asynchronous.
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Broad occupational category receiving the training:
Clinical frontline staff; trainers who were expected to
directly train others; programme overseers or senior
managers.

Specific occupations receiving the training: Nurses, doc-
tors/physicians, others.

Learning group size: Individual or group.

Format: Workshops; courses; seminars/webinars; men-
toring/shadowing; e-learning; e-resources, other.

Methods: Didactic instruction/lectures/audio-visual
presentations; demonstrations/modelling; discussion/
debate; case studies or scenarios; role play or clinical
practice simulations; assessment or exams with formative
assessment; hands-on practice / experience; games; field
trips or site visits; virtual reality or immersive learning;
repeated training; shadowing; other.

Additional inclusion and exclusion criteria

We included scientific studies with concurrent com-
parison groups (CCT or RCT) where post-training out-
comes were reported for both arms and pre-post studies
where both baseline and post-training measurements of
a primary effectiveness outcome were reported. Clinical
cases, case reports, cross-sectional studies, letters to the
editor, editorials, commentaries, perspectives, technical
notes, and review summaries were excluded unless they
reported baseline and post-training eligible effectiveness
outcomes. Studies must have been published in 2000
or later. Infectious biological entities could be bacteria,
viruses, protozoa or funghi, but not complex multicellu-
lar organisms (like mites or lice).

Studies could be published in any language that mem-
bers of the team could read or translate to coherent
English using Google Translate. Training in infection
prevention and control had to be applicable to a clinical
or social care environment for humans. Non-residen-
tial care settings (such as daily childcare facilities) were
excluded. Studies about controlling infection risks from
or to animals or risk reduction in non-clinical environ-
ments (such as removing mosquito breeding sites) were
excluded.

We wanted to focus on IPC training that related to indi-
vidual action and could result in immediate benefits and
in clinical not community environments. For this rea-
son, we excluded interventions or outcomes that related
to: forms of patient care (e.g., anti-viral treatment) that
might hasten end of infectious period; vaccination pro-
grammes; surveillance; availability of personal protective
equipment (PPE) or other resources that reflect institu-
tional will and opportunity as much as any individual
action; testing strategies or protocols or actions to speed
up test results or screening patients for infection. Also
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excluded were training programmes in environmental
management outside of the clinical/care environment
with exception for waste management generated within
clinic and managed on site which might include some
outdoor/away from clinic/care location handling and dis-
posal decisions.

Eligible studies had to report at least one of our pri-
mary outcomes so that we could summarise the evidence
base about which training methods linked to evidence
of effectiveness. To focus on the response and readiness
phase of emergencies, we excluded studies where the
primary outcome was only measured >12 months after
training started (i.e., quality improvement reports).

Searches
MEDLINE, Scopus, LILACS were searched on 9 October
2023 with the search phrase (Scopus syntax):

(“infection-control”[ Title/Abstract]

or “transmission”[Title/Abstract] or.

“prevent-infectio*”[ Title/ Abstract]).

And.

(“emergency”[Title/ Abstract]  or
Abstract] or “outbreak”[Title/Abstract]).

and.

(“training”[Title/Abstract] or “educat*”[Title/ Abstract]
or “teach*”[Title/ Abstract]).

Included studies in a recent and highly relevant system-
atic review [2] were also screened. Initially included stud-
ies from those search strategy steps were then subjected
to forward and backward citation searches to look for
additional primary studies.

“epidemic”[Title/

Screening

After deduplication, two authors independently screened
all studies found by the search strategy, recording deci-
sions on MS Excel spreadsheets. All studies selected by
at least one author had full text review for final decision
about inclusion.

Quality assessment

We assess quality indicatively and with regard to useful-
ness of the studies to inform development of future IPC
training programmes in relevant settings. The focus was
on two broad domains that informed A) how replica-
ble the training programme was, as described; B) how
biased its results were likely to be. Our protocol planned
to apply the Cochrane Risk of Bias 1.0 for trials (ROB.1)
and Newcastle Ottawa Scale (NOS) tools to undertake
quality assessment for pre-post study designs. However,
we realised that neither of these tools captured whether
the original research had reported sufficient details
to make the original training programme replicable.
Another problem is that the judgements arising from the
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RoB.1 and NOS would not be strictly comparable, given
the different assessment criteria. Other existing qual-
ity checklists that we are aware of that were suitable for
each of trials, cohorts or pre-post study designs had the
shortcomings of only capturing replicability or bias in
apparent effectiveness (not both), and tending to be suit-
able for only one study design. Some checklists (eg The
Cochrane Risk of Bias 2.0 tool [10] or Mixed Methods
Appraisal Tool [11]) require more resources to opera-
tionalise than we had or that was required for a scoping
review. Instead, we devised and applied an indicative
quality checklist that comprised 14 simple questions with
possible answers that were “yes, no or uncertain” using
specific predefined criteria for deciding each answer.
Our checKklist is available as File S1. These questions were
modified from suggested questions in the USA National
Institutes of Health assessment checklist for pre-post
designs [12]. Applying a single quality assessment tool
across multiple study designs had the further advantage
of facilitating comparability with regard to identifying
relative informativeness for future effectiveness evalua-
tion and training programme design. The answers were
scored as 1 point per yes answer, so maximum score (for
least biased and most replicable studies) would be 14.
We interpret the overall quality assessment results as
follows:>11/14=most informative, 8—10=somewhat
informative, <7/14 least informative. The quality assess-
ment results are reported quantitatively and narratively.
Subdomains for replicability and other bias (generalis-
ability) scores are reported separately.

Data extraction and interpretation (selection and coding)
These data were extracted: author of the study, year
of publication, study country, study design, sample
size in comparator arms, relevant infectious diseases
(that author identified), primary outcomes, secondary
outcomes. With regard to training delivered, we also
extracted information about any needs assessment that
was undertaken, training objectives and any statements
about lessons learned or what should be addressed in
future design of such programmes or in research. One
author extracted data which was confirmed by a sec-
ond author. Results are reported quantitatively (counts
of studies with any particular training aspect) and nar-
ratively for needs assessment, objectives and lessons
learned.

To interpret likely usefulness, we prioritise higher
scores (for informativeness), but also consider study
design, with trials presumed to have less biased results
with regard to effectiveness outcomes. We address
potential differences that were monitored or observed
between knowledge, skills or practices with respect to the
training attributes. For instance, were outcomes assessed
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immediately after training (within 1 day) as opposed to
(ideally) observed and assessed independently at least
three weeks later, which would suggest knowledge, skills
and/or practice retention. We also highlight when train-
ing applicable to conflict-affected settings was delivered
in that same conflicted-affected setting or prior to entry
to the setting (such as for military personnel deployed
overseas).

Results
Figure 1 shows the study selection process. 29 stud-
ies were included. Extracted data for each study are in
File S2. Almost all (n=27) were pre-post design; 2 were
experimental studies [13, 14]. Table 1 lists summary
information about the included studies. Seven reports
described training delivered in single low-income coun-
tries, 19 studies described training in single lower mid-
dle income countries. Two articles described IPC training
for staff in context of conflict-affected settings, either
in the USA prior to military deployment [15] or in the
affected setting during a period of civil unrest (in Haiti
in 2010; [16]). Two studies [17, 18] described train-
ing using a common core curriculum in multiple Afri-
can countries (mix of low and lower middle income).
The most represented countries were India (4 studies)
and Nigeria (6 studies). Nine studies were about Ebola
disease, 14 related to controlling Covid-19. Other stud-
ies addressed cholera (n=2), antimicrobial resistant
organisms (n=3) and tuberculosis (#=1). Clinical envi-
ronments were most commonly described as hospitals
(n=9) while twelve studies described programmes for
staff working in multiple types of health care facilities. 21
studies were undertaken in response phase, two in readi-
ness phase and six in mixed readiness/response phases.
Nurses were the most commonly specified type of health
care worker (mentioned in 24 studies). In Table 1, higher
scores for knowledge, attitudes, practices or skills were
the better clinical outcomes unless otherwise stated.
Some additional outcome information for LN Patel,
S Kozikott, R Ilboudo, M Kamateeka, M Lamorde, M
Subah, F Tsiouris, A Vorndran, CT Lee and C of Practice
[18] and N Zafar, Z Jamal and M Mujeeb Khan [19] are in
the original studies but could not be concisely repeated
in Table 1. Most articles reported statistically significant
(at p<0.05) improvements in outcomes after training.
A notable exception is OO Odusanya, A Adeniran, OQ
Bakare, BA Odugbemi, OA Enikuomehin, OO Jeje and
AC Emechebe [20] who attributed a lack of improvement
after training to very good baseline knowledge, attitudes
and practices.

Outcomes were assessed immediately after training
ended in 14 studies; assessment point was unclear in
two studies. Other outcome assessments (7 =13 studies)
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Identification of studies via databases, previous systematic review and included study citation searches

Not original analysis, n = 17
Wrong targets, n =9

5

Wrong intervention (eg vaccination), n = 6

"o
=
2 Records identified from:
5 LILACS and MEDLINE combined search (n = 3402) ;
= Scopus (n=6612); Nayahangen et al 2021 (n = 46)
c
)
= » | 1637 records removed by automatic and manual
i methods before screening because they were duplicates
—
'
8423 records remaining after deduplication efforts.
These 8423 records were screened on abstract and title
i » | 8211 Records excluded during screening
212 reports for which full text was sought.
=)
=
$ > | Fulltext not retrieved (n=1)
IG
(77}
189 excluded after full text screening, with B . )
reasons: 7 additional eligible studies found by forward
Reports with full text Wrong study design, n = 56 and backward citation searches of studies
assessed for — | No eligible outcomes, n = 49 included in review after main searches
eligibility (n=211) Ineligible setting, n = 42
Not response or readiness phase, n = 42
Outcomes >12 months, n = 26

29 studies included in review

Fig. 1 Selection procedure for eligible studies

took place between 1 week and 6 months after training
finished (especially with respect to case counts or mor-
tality). Because almost all studies reported outcome ben-
efits, studies with delayed assessment cannot be said to
have achieved greater benefits.

Needs assessment was described in most studies
(n=27). For instance, C Carlos, R Capistrano, CF Tobora,
MR delos Reyes, S Lupisan, A Corpuz, C Aumentado, LL
Suy, ] Hall and ] Donald [32] stated that “Although brief-
ings for health care workers (HCWs) in Ebola treatment
centres have been published, we were unable to locate
a course designed to prepare clinicians for imported
Ebola virus disease in developing country settings” HM
Soeters, L Koivogui, L de Beer, CY Johnson, D Diaby,
A Ouedraogo, F Touré, FO Bangoura, MA Chang and
N Chea [38] cited widespread evidence that there was
a high transmission rate to health care workers within
Ebola Treatment centres to justify the need for IPC train-
ing in these settings. S Ahmed, PK Bardhan, A Igbal,
RN Mazumder, AI Khan, MS Islam, AK Siddique and A
Cravioto [41], A Das, R Garg, ES Kumar, D Singh, B Ojha,
HL Kharchandy, BK Pathak, P Srikrishnan, R Singh and I
Joshua [21] and MO Oji, M Haile, A Baller, N Trembley,
N Mahmoud, A Gasasira, V Ladele, C Cooper, FN Kateh
and T Nyenswah [35] describe that expert observers

identified deficiencies in existing IPC practices and
developed training based on those observations. Inde-
pendent observations of training needs were formalised
as a cross-sectional survey of dental student IPC knowl-
edge in A Etebarian, S Khoramian Tusi, Z Momeni and
K Hejazi [22], and by applying a validated IPC check-
list in L Kabego, M Kourouma, K Ousman, A Baller, J-P
Milambo, ] Kombe, B Houndjo, FE Boni, C Musafiri and
S Molembo [34].

All studies stated specific training objectives and gave
at least some information about the specific topics and
curriculum. Objectives statements mentioned improve-
ment (n=10 studies), knowledge (n=7), safety (n=6),
attitudes (n=3), increasing capacity or skills (n=6), and
development (n=1). Examples of other objectives state-
ments were to “teach the basics” [41] or “to cover the
practical essentials” [16]. Training content and delivery
were often highly adapted for local delivery [23-25, 28,
29, 32, 33, 36, 38, 41]. Training materials were entirely or
mostly derived from published guidance in some stud-
ies [16, 19, 34, 35, 37]. F Tsiouris, K Hartsough, M Poim-
boeuf, C Raether, M Farahani, T Ferreira, C Kamanzi, J
Maria, M Nshimirimana and ] Mwanza [17] and LN
Patel, S Kozikott, R Ilboudo, M Kamateeka, M Lam-
orde, M Subah, F Tsiouris, A Vorndran, CT Lee and C of
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Practice [18] both report that training delivery methods
were highly adapted and variable, but developed using
the same core course content about Covid-19 in 11 or 22
African countries. Other studies were unclear about how
much of their programme was original and how much
relied on previously published guidance and recommen-
dations [13, 15, 20, 21, 24, 26, 27, 30, 31, 39, 40].

Counts of training locations were: ten off-site; seven
on-site but not during patient care; nine were a mix of
learning locations; three had unclear locations relative
to clinical facility location. Among the 21 studies that
described the specific cumulative duration of training
sessions, median training duration was 24 h (typically
delivered over 3 consecutive days), ranging from about
15 min to 8 full days. Most studies (n=21) described
training where it was clear that many or most partici-
pants were in post, 3 studies clearly described training
being provided prior to deployment, another 5 training
programmes had mixed or unclear timing with regard to
deployment. Twelve studies described training that was
delivered only in person, 9 studies described purely digi-
tal delivery, 7 were blended delivery and 1 programme
was unclear whether the training was delivered digitally
or in person. In terms of IPC roles, all studies included
at least some frontline workers. In addition, six stud-
ies were explicitly designed to train people who would
educate others about IPC, seven studies reported includ-
ing facility managers or supervisors among the train-
ees. 23 studies mentioned nurses specifically among the
trainees, 17 studies specifically mentioned doctors or
physicians. Other professionals mentioned were clean-
ers, porters, paramedics, midwives, anaesthesiologists,
hygienists, housekeeping staff, lab technicians, medical
technologists and pharmacists. Almost half (n=14) of
studies were group education; purely individual learning
was specified in just one study and others (n=14) were
unclear or could be either individual or group learning.

Often training formats or teaching methods were
described unclearly. With regard to formats that were
described clearly, counts were workshop (n=10), course
(22), seminar or webinar (1), mentoring or shadowing
(4), e-learning (13) and inclusion of e-resources (14).
Counts of studies using specific teaching methods that
were described clearly were didactic (23), demonstrations
(17), discussion or debate (8), case-studies or scenarios
(6), role play or simulations (9), formative assessment (3),
hands-on practice (12), site visits (2), repeat or refresher
training (5), shadowing (3). Additional teaching methods
described specifically were poster reminders, monitoring
(active and passive as well as observation), re-enforce-
ment (updating procedure documents, re-assessing,
more training), brainstorming, small group work and
other visual aids. Many articles described multiple
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formats or teaching methods that were used as part of
the same training programme, hence these categorisa-
tions sum up to more than the total count of included
studies.

Most studies (n=25) provided some commentary that
could be interpreted as “lessons learned” about training
methods and delivery. That success of such programmes
depends as much on improving mindset or attitude about
IPC as teaching other skills or habits was mentioned by
at least 6 studies [13, 14, 20, 22, 32, 39]. The merits of
capacity building were explicitly reiterated in conclud-
ing commentary in seven studies [21, 26, 29-31, 35].
Other aspects repeatedly endorsed (at least three times)
in concluding comments in the included studies were the
value of IPC champions or leaders [21, 34, 35] the value
of training relevant to specific job role [14, 18, 22, 31];
advantages of digital not in-person learning [13, 14, 19,
20, 23]; value of refresher sessions [13, 14, 17, 21, 30, 35]
and merits of evaluation beyond the immediate end of
the training programme to make sure that benefits were
sustained [21, 29, 38, 39]. Regarding lessons learned,
Thomas et al. 2022 [29] and Otu et al. 2021 [24] (both
Nigerian studies) gave specific details about challenges
and benefits of mobile phone digital training delivery,
for instance reliance on assumed e-literacy, uncertainty
about consistent access to Internet or access to devices
with suitable versions of the Android operating system.
Four studies [14, 25, 29, 38] listed benefits when training
was delivered in participant’s native language(s).

Quality assessment scores are shown in Table 2. Recall
that the customised quality assessment evaluation
addressed two broad domains: replicability and other
biases (other potential for generalisability), with results
interpreted as usefulness of the study to inform future
design of similar IPC training programmes. The qual-
ity assessment found that replicability potential was not
high overall, with an average score of 3.7/6. There was
insufficient easily available information (score was<4 of
6 replicability domains in QA checklist) to undertake the
same intervention again for 11 studies, while replicability
was relatively high (>5/6) for 9 studies. The generalisabil-
ity domain in the quality assessment checklist addressed
other factors that may have biased the apparent effec-
tiveness outcomes of each training programme. 22 stud-
ies scored <5/8 for generalisability (suggesting they were
likely to be at high risk of bias with regard to outcomes
reported). Only one study was assessed to be of overall
relatively higher quality (quality checklist score>11/14)
and can be considered especially (“most”) useful for
informing design of such IPC training in future. Shresh-
tha et al. [28] had a pre-post design and is especially
thorough in describing training in intubation and triage
protocols in Nepal to prevent Covid-19 transmission.
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Table 2. Quality assessment for included studies and likelihood of being useful to inform future IPC training [41, 31, 30, 32, 15, 21, 39,
22,14, 33,34, 20, 35, 36, 24, 23,37, 18, 25,26, 13,27, 28,38, 16, 29, 17,40, 19]

STUDY \ Question 2 3 4 8 10 11 12 13 G total _Score
Ahmed 2011 CcD CcD no yes no no yes yes NA no cD yes yes yes 2 4 6
Bazeyo 2015 cD Ccb no yes yes no yes NR no no Ccb no yes yes 3 2 5
Bemah 2019 no cb no yes yes yes yes NR no no CcD no yes yes 4 2 6
Carlos 2015 yes yes no yes yes yes yes NR no no cD yes yes yes 5 4 9
Crouch 2010 yes yes no no yes yes yes NR no no no yes no yes 5 2 7
Das 2022 yes yes no yes CD no yes NR no no cb no yes yes 3 2 5
El Sokkary 2020 NR CD no yes yes no yes CcD CcD no cD yes yes yes 3 3 6
Etebarian 2023 yes yes no yes yes no yes yes yes no no yes yes yes 5 5 10
Jafree 2022 (t) yes yes yes yes yes CcD yes yes no no CcD yes yes yes 4 6 10
Jones-Konneh 2017 | yes  yes no yes no yes CD yes  CD no CcD no yes  yes 3 3 6
Kabego 2023 NR CD no yes yes no yes CcD no no Ccb yes yes no 2 3 5
Odusanya 2022 yes yes no yes yes CcD yes yes yes no no yes yes yes 5 5 10
Qji 2018 yes yes no yes no yes yes yes yes no cD no yes yes 5 4 9
Otu 2016 yes Ccb no yes yes no yes no yes no no yes yes yes 5 3 8
Otu 2021 introduction yes  CD no yes  CD cD yes  no no no no yes yes no 2 3 5
Otu 2021 Training yes yes no yes cb yes yes no no no no cD yes yes 4 3 7
Ousman 2019 yes yes no yes yes CcD yes yes yes no cb no yes yes 5 4 9
Patel 2021 CcD cb no yes no yes yes no yes no CcD no yes no 3 2 5
Perera 2022 yes yes no yes no yes yes yes no no yes yes yes yes 4 6 10
Rao 2021 yes yes no yes no yes yes yes no cD cb cD yes yes 4 4 8
Sharma 2021 (t) yes yes yes yes yes no yes yes no no Ccb yes yes yes 4 6 10
Shehu 2023 yes yes no yes yes no yes no no no Ccb no yes yes 4 3 7
Shrestha 2020 yes  yes no yes yes yes yes yes  yes no yes yes yes  yes 6 6 12
Soeters 2018 yes yes no yes yes CcD yes no yes no Ccb yes yes yes 5 4 9
Tauxe 2011 no (] no yes cD CcD yes yes cb no CcD CcD yes yes 2 3 5
Thomas 2022 yes yes no yes cb yes yes no no no no yes yes yes 4 4 8
Tsiouris 2022 no cb no yes no yes yes no no no Ccb no yes no 2 2 4
Wassef 2020 yes yes no CcD no no yes CcD no no NA no yes no 2 2 4
Zafar 2020 yes yes no yes yes no yes yes yes no Ccb yes yes no 4 5 9

See File S1 for questions and answer criteria. (t) =trial; all other studies were pre-post design. Orange number = replicability question, Green number = generalisibility

question

The two controlled trials included in our review [13, 14]
both scored below 11 (10/14) in the quality assessment
because they had unclear information about how many
participants were assessed and did not provide specific
training or assessment materials. There was minimal or
no difference in most outcome improvements between
arms in one of the trials (Jafree et al. 2022; [14]), but sta-
tistically significant greater improvement in outcomes,
especially knowledge, in the active intervention arm, in
the other trial. (Sharma et al. 2021; [13]). This number of
experimental trials was small (#=2) and they described
fairly different format training programmes for different
diseases.

Discussion

The evidence available is difficult to interpret because
of incomplete reporting and lack of specific descrip-
tions. Training delivery was often vaguely described, or
even explicitly described as highly diverse while rela-
tively few pathogens were addressed. Only two moder-
ate size (n=about 200 in each) experimental trials were
found which is insufficient for making broad conclu-
sions about effectiveness. It seems likely that many pos-
sible training methods can successfully improve HCW
knowledge, skills, attitude, practices, etc. We note that
there is unlikely to be definitive evidence in favour of or
against specific training methods due to lack of thorough

description of training methods in addition to lack of
robust study designs (very few clinical trials). Lack of
specificity about which aspects of training were least or
most beneficial may hinder successful development of
future training programmes. Lack of controlled trials and
generally poor description of any training programmes
that existed prior to implementation of the programmes
described in pre-post studies means that we can’t discern
if training was effective because of how it was delivered
or because relevant training had never been given pre-
viously. It seems clear that there is huge opportunity for
design of well-run controlled trials in IPC training deliv-
ery. A controlled trial could be designed and tested with
a pre-specified curriculum for a common and recur-
ring type of pathogen (e.g., influenza-like illness or for
a specific common anti-microbial resistant organism),
but with 2 or more delivery formats pre-approved with
institutional review bodies, and thus ready to be imple-
mented when a relevant crisis arose. Suitable outcomes
to include in the trial design would measure aspects of
knowledge, practices, skills, confidence and awareness.
Complexity-informed evaluation strategies [42] are likely
to be desirable in fragile, conflict-affected or vulnerable
settings, too. (Nayahangan et al. 2021; [2]) recommended
that medical training be more standardised during viral
epidemics. We did not find evidence to show that univer-
sally formatted IPC training programmes are optimal in
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FCV settings. We have, however, provided information
that can be used to begin to assess effectiveness of train-
ing programmes that are either universally formatted or
more highly locally adapted.

Only two of our studies described training that was
applied in conflict-affected settings; one of these [15]
described training that was also delivered prior to worker
arrival in the conflict-affected setting. We judge that
these two studies are too few and too heterogenous to
pool, so we cannot draw broad conclusions about train-
ing delivery and benefits in a conflict-affected area con-
text or in a high resource setting prior to deployment.

Other researchers have systematically described many
key issues that affect effectiveness of IPC training in
low resource or conflict-affected settings. For instance,
Qureshi et al. 2022 [43] undertook a scoping review of
national guidelines for occupational IPC training. They
audited how up to date such guidelines were. They identi-
fied key deficiencies, especially in LMIC countries with
regard to the most recent best recommended practices
in evaluation and adult learning principles. A global situ-
ational analysis undertaken in 2017-2018 [1] concluded
that although nearly all countries audited had relevant
national training guidelines in IPC, there was far less
training of HCWs taking place, less surveillance and
lower staffing levels in lower-middle and lower-income
countries (World Bank classifications) than in upper-
middle and high income countries.

Data and analyses have been undertaken to specifically
describe challenges and potential strategies to meet those
challenges, when undertaking IPC in conflict affected
settings [44] or low and middle income countries deal-
ing with a specific disease [e.g., tuberculosis; 45]. These
studies are fundamentally qualitative in design and nar-
rative, so while they provide insight, they do not lead to
confident conclusions about which if any training meth-
ods are most likely to be successful. There is a dearth of
experimental evidence in lower-middle and lower income
countries. The Covid-19 pandemic especially focused
interest on IPC guidelines for respiratory infection pre-
vention. A review by Silva et al. 2021 [46] of randomised
controlled trials that tried to improve adherence to IPC
guidelines on preventing respiratory infections in health-
care workplaces included 14 interventions, only one of
which was not in a high income setting [in Iran; 47], and
all were in arguably undertaken in preparation phase (not
response or readiness).

Limitations

Although we included incidence and mortality as pri-
mary outcomes, these outcomes are often not immediate
benefits from good IPC training and thus are problem-
atic indicators of IPC success. Case incidence is highly
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dependent on local community prevalence of relevant
pathogen(s), while mortality rates often reflect qual-
ity of medical care available in addition to population
awareness and subsequent timing of presentation. Our
search strategy was not tested using eligible exemplar
studies, nor did it include controlled vocabulary which
might have found additional eligible studies. We did not
rigorously determine risk of bias in each of the few tri-
als available. We did not explicitly look for evidence
of publication bias [48] in this evidence group, but we
suspect that the near total absence of any information
about failed interventions biases what we can say with
confidence about truly successful training formats and
methods.

A key limitation when we graded the studies for likely
usefulness is that we did not attempt to contact primary
study authors to obtain more information or specific
training materials. Additional materials are likely to be
available from most of the primary study authors and
would boost their study replicability and apparent biases.
However, such contact could also be a very demanding
and not necessarily productive exercise. A broader review
than ours could have collected all evidence about any
training modalities when delivered in eligible contexts
(readiness or response phase in FCV settings), regard-
less of whether effectiveness outcomes were reported. A
review with similar such objectives was published in 2019
[7], which inventoried implementation strategies for IPC
promotion in nurses in Sub-Saharan Africa.

We decline to adopt a broad inventorying approach
because the information obtained would still lack evi-
dence of effectiveness. We found some studies [e.g., 49]
which provided a thorough description of training deliv-
ery, but without evaluation of our outcomes and there-
fore ineligible for inclusion in our review. A broader
review than ours would have included grey literature and
qualitative studies. Qualitative studies especially provide
information about effective communication and leader-
ship, acceptability of training delivery methods, incen-
tives, accountability strategies, satisfaction ratings and
barriers to learning [50]. While those are highly relevant
outcomes to effective training in IPC, they were removed
from the core outcome that is likely to matter most in
achieving good IPC, which is consistency of desired
practices.

Conclusion

Our conclusions are limited because of the mediocre
quality of evidence available. Although existing evidence
in favour of or against any specific training approach is
far from definitive, there is much opportunity to design
future studies which explicitly and robustly test specific
training formats and strategies.
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